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ABSTRACT OF THESIS
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Measurement o f  u r i n a r y  pregnanedio l  g lu cu ron id e  (PdG) and 

oestrone  conjugates  p rov id es  a r e l i a b l e  method o f  m o n i to r in g  o v a r ia n  

f u n c t io n  and pregnancy in the Indian rh in o c e ro s ,  but a p p l i c a t i o n  is 

l i m i t e d  in the A f r i c a n  spec ies .  The p o s s i b i l i t y  o f  species  

d i f f e r e n c e s  in the metabol ism and e x c r e t io n  o f  ov ar ian  s t e r o i d s  was 

in v e s t i g a t e d  by a metabol ism study in v o lv in g  the i . v .  i n j e c t i o n  o f  

lOOpCi each o f  l 4C - l a b e l l e d  progesterone and o e s t r a d i o I -173  in to  an 

a d u l t  female w h i te  rh in o c ero s .  Of the r a d i o l a b e l  i n j e c t e d ,  

s i g n i f i c a n t  amounts were recovered in both u r in e  (25%) and faeces  

(36%) c o l l e c t e d  over the f o l l o w i n g  4 days.  Almost a l l  (92%) o f  the  

label  recovered in u r in e  was accounted f o r  in the Day 2 sample,  o f  

which 41% s t e r o i d s  were present  in the conjugated form. 2 0a -  

Di hydroprogesterone (20a-DHP) was the on ly  conjugated progesterone  

m e t a b o l i t e  in u r in e  w i t h  which r a d i o a c t i v i t y  was ass o c ia te d  and no 

r a d i o a c t i v i t y  could be found to c o - e l u t e  w i t h  pregnanediol  a f t e r  

high performance l i q u i d  chromatography (HPLC) s e p a r a t io n  o f  

conjugated n e u t ra l  s t e r o i d s .  Whereas progestero ne  m e t a b o l i t e s

predominated in u r i n e ,  isomers of  o e s t r a d i o l  were the most abundant  

s t e r o i d s  in fae ca l  e x t r a c t s .

The metabol ism and e x c r e t i o n  o f  endogenous o v a r ia n  s t e r o i d s  in 

A f r i c a n  rh in ocero ses  was then examined by gas chromatography/mass  

spectro met ry  (GC/MS) and HPLC in c o n ju n c t io n  w i t h  d i f f e r e n t i a l  

h y d r o ly s is  techniques .  GC/MS i d e n t i f i e d  pregnanedio l  as the major  

progesterone m e t a b o l i t e  in the In d ia n  r h in o c e r o s ,  but  n e i t h e r  PdG 

nor 20a-DHP was d e tec te d  in u r in e  from A f r i c a n  rh inoceroses  dur in g  

any stage o f  the r e p ro d u c t iv e  c y c le .  However, HPLC conf irmed the  

presence o f  conjugated 20a-DHP and the absence o f  PdG in p o s t 

o es t rus  u r i n e .  O es t ro n e -g Iu c u ro n id e  was the major  u r i n a r y

oestrogen in the b la c k ,  w h i l s t  oes t rad  i o I -1 7fJ-g I ucuron i de 

predominated in the w h i t e , r h i n o c e r o s .
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A s e n s i t i v e  enzyme immunoassay was developed f o r  the  

measurement o f  20«-DHP. This was i n i t i a l l y  v a l i d a t e d  by measurement  

o f  20<x-DHP in hydro lysed rh inoceros  u r i n e ,  which showed p a r a l l e l  

d i I u t i o n - r e s p o n s e  curves w i t h  the s tandards ,  and subsequently  by co

chromatography on HPLC. In hydrolysed u r in e  from the b la ck

rh inoceros  (9  c y c le s ,  4 an im als )  le v e ls  o f  20a-DHP and o es t ro ne ,  

indexed to c r e a t i n i n e  ( C r ) ,  fo l lo w e d  a c y c l i c  p a t t e r n  which  

c o r r e l a t e d  we l l  w i th  behav ioura l  events .  Leve ls  o f  20a-DHP were low 

f o r  3 days p r i o r  to mating  dur ing which oestrone  l e v e l s  rose to

reach a peak. This  was fo l lo w e d  by a r a p id  r i s e  in 20oc-DHP to reach  

maximum l e v e ls  (7 *6 4 + 3 *8 2  ng/mgCr) w i t h i n  2 days.  The p a t t e r n  o f

20a-DHP e x c r e t i o n  in the w h i te  rh inoceros  (6  c y c le s ,  3 an im a ls )

d i f f e r e d  in t h a t  the presumed f o l l i c u l a r  phase was longer than in

the b la ck  spec ies  ( 1 2 - 1 7  d ) ,  and maximum l e v e ls  o f  20a-DHP (8 0 - 9 0  

ng/mgCr) were not reached u n t i l  app ro x im ate ly  7 days a f t e r  peak

o e s t r a d i o I - 1 7£ e x c r e t io n  a t  the t ime o f  oes t rus  . A mean cyc le  

length  o f  22 days was recorded f o r  the b la ck  rh in o cero s  w h i l s t  

cyc le  lengths o f  26 and 32 days were o bta ined  f o r  the n o r th e rn  and 

southern w h i te  r e s p e c t i v e l y .

In c o n t ra s t  to the o var ia n  c y c le ,  PdG was present  in l a t e

pregnancy u r in e  from A f r i c a n  rh in o cero ses .  E le va te d  l e v e l s  were  

recorded during  e a r l y  pregnancy in the b la ck  r h in o c e ro s ,  w h i l s t  

co n c e n t ra t io n s  d id  not increase f o r  5 - 6  months in the w h i te

spec ies .  U r i n a r y  oestrogen le v e ls  a ls o  rose throughout g e s t a t i o n .  

A g e s t a t io n  p er io d  o f  approx im ate ly  16 months was recorded f o r  both  

spec i e s .
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A b b r e v ia t io n s  used throughout t h i s  t h e s i s ,  in a l p h a b e t i c a l

o r d e r .

A; 5a-androstane-3oc,  17a -d io l  

andro stenedione;  4 - a n d r o s t e n e - 3 ,17 dione  

avs;  "Ana la r"  v o l u m e t r i c  s o lu t io n  

B; b lank

BSA; bovine serum albumen 

C; c h o l e s t e r o l  b u t y r a t e  

C o f  V; c o e f f i c i e n t  o f  v a r i a t i o n  

CMO; carboxymethyI oxime

c o r t i s o l ;  113, 17 a , 21- t r i h y d r o x y - 4 - p r e g n e n e - 3 , 20 -d io ne  

Cr;  c r e a t i n i n e

dehydroep i androsterone;  3 - h y d r o x y - 5 - a n d r o s t e n - 17-one  

20a-DHP; 2 0 a - d ih y d r o p r o g e s t e r o n e ; 2 0 a -h yd ro x y -4 -p re g n e n -3 -o n e  

E0 ; p h e n o l ic  s t e r o i d s

E i ; oes t rone;  3 - h y d r o x y - 1 , 3 , 5 1 1 0 > - o e s t r a t r i e n - 17-one

E2- 17a/fJ; o e s t ra d  i o I -1 7a/fS; 1 , 3,  51 101 - o e s t r a t r  i e n e - 3 , 1 7a/fJ-d i o I

E3 ; o e s t r i o l ;  1 , 3 , 5 1 1 0 } - o e s t r a t r i e n e - 3 , 1 6 a , 17 3 - t r i o I

EIA; enzyme immunoassay

EiG; o e s t r o n e - 3 - g Iucuronide

e q u o l ; 7 - h y d r o x y - 3 - { 4 ' -hydrophenyI Ichroman

ES; o e s t r o n e - 3 - s u Iphate

FSH; f o l l i c l e  s t i m u l a t i n g  hormone

GC/MS; gas chromatography/mass spectrometry

GFR; g lo m eru la r  f i l t r a t i o n  r a t e

GnRH; gonadotrophin r e l e a s i n g  hormone

hCG; human c h o r i o n ic  gonadotrophin

HCI; h y d r o c h l o r i c  ac id

1 la -h y d ro x y a n d r o s t e ro n e ; 3 a , 11a-d  i h y d r o x y - 5 a - a n d r o s t a n - 17-one

17a-hydroxypregnenolone;  3 j ) , 17 a -d ih y d r o x y -5 -p r e g n e n -2 0 -o n e  

16 a - h y d ro x y p ro g e s te ro n e ; 16 a - h y d r o x y - 4 - p r e g n e n e -3 , 20 -d  i one 

HMDS; h e x a m e th y Id is i I a z a n e
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HPLC; high performance l i q u i d  chromatography  

HRP; horse ra d is h  perox id ase

17a-hydroxyprogeste ro ne;  17 a - h y d r o x y - 4 - p r e g n e n e -3 , 20 -d  i one

IgG; immuno gamma g l o b u l i n

LH; l u t e i n i z i n g  hormone

LSB; low s a l t  b u f f e r

M+ ; molecu lar  ion

MO-TMS; methy I o x im e - t r im e t h y  I s i l y l

m/z;  mass to charge r a t i o

NSB; n o n - s p e c i f i c  b in d in g

0-1  and 0 - 3 ;  o es t ru s -1  and o e s t r u s - 3  ( f o l l i c u l a r )

0+7;  o es t ru s  + 7 ( l u t e a l )

OHSD; h y d ro x y s te ro id  dehydrogenase  

O . D . ; o p t i c a l  d e n s i ty

P4 ; p rogesterone;  4 - p r e g n e n e - 3 , 20 -d io ne

Po; n eu t r a l  s t e r o i d s

PBS; phosphate b u f f e r e d  s a l i n e

Pd; p reg n an ed io l ;  5f5-pregnane-3a, 20a-d i o I

PdG; p r e g n a n e d io I - 3 o - g Iu c u r o n id e

preg nan et r  i o I ; 5a/f$-pregnane-3oc/P , 1 7 a / f i , 20a / fS - t r  i o I 

pregnenol  one; 3 a / |3 -hyd ro xy -5 -p reg n en -20 -o n e  

QC; q u a l i t y  co n t ro l  

RIA; radioimmunoassay  

S; s t ig m a s t e r o l

SIC;  s e le c t e d  ion c u r r e n t  chromatogram

SpA; s p e c i f i c  a c t i v i t y

TB; t o t a l  bound

TBS; t r i c i n e  b u f f e r e d  s a l i n e

TC; t o t a l  counts

t e s t o s t e r o n e ;  1 7{J-hydroxy -4 -androst  n -3 -o ne  

TIC;  t o t a l  ion c u r r e n t  chromatogram 

TLC; t h i n  la ye r  chromatography  

v o I ; voIumes 

Z; zero
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CHAPTER 1.

INTRODUCTION

1.1 RHINOCEROS BIOLOGY

1 . 1 . 1  Taxonomy

There a re  f i v e  e x t a n t  spec ies  in the f a m i l y  R h in o c e ro t id a e  

which to g e th e r  w i t h  the Equidae  and T ap i r  idae  c o n s t i t u t e  the order  

P e r i s s o d a c t y l a  or od d-toed  u n g u la te s .  Rhinoceroses a re  o f t e n  

grouped w i t h  t a p i r s  in the sub-ord er Ceratomorpha  to  d i s t i n g u i s h  

these sp ec ies ,  synonomous p r i o r  to the l a t e  Eocene, f rom the equids  

( Hippomorpha)  .

Three spec ies o f  r h in o ce ro s  in h a b i t  the t r o p i c a l  reg io ns  o f  

A s ia ,  namely the In d ian  ( Rhinoceros u n i c o r n i s )  (L in n aeu s ,  1758) ,

Sumatran ( Di c e ro rh in u s  sumatrensi  s)  ( F i s c h e r ,  1814) and Javan 

( Rhinoceros sonda iacus)  (Desmares t ,  1822) r h in o c e ro s e s .  The

remaining s p ec ies ,  the b la c k  ( D ice ro s  b i corn i s)  (L in naeus ,  1758) and 

the w h i te  ( C e r a t o t h e r i  urn simum) ( B u r c h e l l ,  1817) rh in oc ero se s ,  

i n h a b i t  the A f r i c a n  p l a i n s .

The Asian and A f r i c a n  rh in oceroses  a re  thought to have evo lved  

in d ep end en t ly .  The Sumatran rh in o cero s  is the on ly  l i v i n g  member o f  

the D ic e r o r h in a e  ( G lo g e r ,  1841 ) ,  w h i l s t  In d ia n  and Javan

rh in o cero ses  both belong to  the R hinocer in ae .  The A f r i c a n  spec ies  

evo lved  from the same s tock u n t i l  d ivergence  in the P l io c e n e  led to  

the fo rm at io n  o f  the b la c k  and w h i t e  spec ies  (Macdonald,  1985) .  

There is some doubt whether the b la c k  and w h i t e  rh in oceroses  a re  

d i s s i m i l a r  enough to w ar ra n t  two d i f f e r e n t  genera ,  indeed in the

past  the two were located  over a s i m i l a r  range but  d i f f e r e d  in t h e i r  

e c o lo g ic a l  re q u i rem e nts .  However, i t  is  now g e n e r a l l y  accepted t h a t  

they a re  two d i f f e r e n t  genera w i t h  su b-spec ie s  w i t h i n  each genera.  

There a re  two recognised  sub-spec ie s  o f  w h i t e  rh in o c e r o s ,  the  

n o r th e rn  ( C e ra to th e r iu m  simum c o t t o n i )  (L yd e kke r ,  1908) and the
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southern  ( C e r a t o t h e r  ium simum simiumi) ( B u r c h e l l ,  1817) race s ,  which  

are  not  d i s s i m i l a r  in appearance but a re  now g e o g r a p h i c a l l y  

se p a ra te d .  There is  a ls o  geographic  v a r i a t i o n  w i t h  the b lack  

r h in o c ero s  p o p u la t io n .  Zukowsky (1 9 6 4 )  suggested the e x i s t a n c e  o f  

17 su b -s p e c ie s ,  r e i n t e r p r e t e d  as 7 main subspecies D ic e r o s  b i c o r n i s  

b i  c o rn i  s,  D. b. ch o b ie n s is ,  D. b. m in o r , D. b.  m i c h a e l i ,  D. b.  

l ad o en s is ,  D. b. lo ng ip es ,  D. b.  b r u c i i  (Groves,  1967a ) .

1 . 1 . 2  D i s t r i b u t i o n  and s t a t u s  in the w i l d

The In d ian  rh in oc ero s  once ranged from the Indus v a l l e y  in the  

e a s t ,  across the Ganges to Assam in the west ( L a u r i e ,  1978) .  In the  

1900s the In d ia n  r h in o ce ro s  was on the verge  o f  e x t i n c t i o n ,  but  has 

recovered d r a m a t i c a l l y  w i t h  co n se rva t io n  he lp  ( M a r t i n ,  1985; 

M a r t i n ,  M a r t i n  and V ig n e ,  1987) .  Around 1,800 i n d i v i d u a l s  now 

remain in Assam, Nepal and Bengal (Penny,  1987) w i t h  appro x im a te ly  

84% of  the p o p u la t io n  in Kaz i ranga  and Chitwan n a t io n a l  parks ( S a le  

and Singh,  1987) .  The Javan rh in o cero s  l i v e d  a lo n g s id e  the Ind ian  

spec ies  on the main land,  and in Burma, Malaya ,  T h a i la n d  and most o f  

Indo-China ( P r a t e r ,  1971) .  Today i t s  range is l i m i t e d  to the Ujung 

Kulon re serv e  in western  Java ( L a u r i e ,  1978; Schenkel and Schenke l -  

H u l l i g e r ,  1977) where i t  is  thought t h a t  t h e r e  a re  50 an imals  

( N a r d e l l i ,  1987) ,  a l th ough  th e r e  is ev idence  t h a t  a few in d i v i d u a l s  

may p e r s i s t  in T h a i l a n d ,  Laos and Cambodia (Rookmaker, 1980) .  

R e c e n t ly ,  r e p o r t s  o f  s i g h t i n g s  o f  the Javan rh in o cero s  in Vietnam  

( S c h a l l e r ,  Dang, Thuy, and Son, 1990) suggest  t h a t  a population o f  

10-15 an imals may have been red is co v er ed  in the Nam Cat T ien  

res e rv e  (Dang, 1986; 1988; T h a i ,  1987) .

U n t i l  the tu rn  o f  the centu j l ry ,  the Sumatran rh in o ce ro s  had a 

very  wide d i s t r i b u t i o n  throughout c o n t in e n t a l  s o u t h - e a s t  A s ia ,  

Sumatra and Malaya (Groves,  1967b; Groves and K u r t ,  1972) .  The 

spec ies  is now located  in two p r o t e c t e d  re serves  in Indones ia ,  

K e r in c i  and Gunung Leuser ,  each c a r r y i n g  a p o p u la t io n  o f  around 300 

animals (Penny,  1987) .
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The past  and p resent  d i s t r i b u t i o n  o f  w i l d  b la c k  rh in oceroses  

is shown in F ig s .  1 .1a and b.  The b la c k  rh in o c ero s  was once found  

throughout  East  A f r i c a ,  from the cape in the south to  Sudan in the  

n o r t h ,  w i t h  N i g e r i a  be ing the western  l i m i t  o f  i t s  range (Groves,  

1967a; Roth, 1967; H i l lm a n ,  1982) .  However, r e l e n t l e s s  poaching  

d u r in g  the 1960s and 1970s caused the p o p u la t io n  to  f a l l  from  

100 ,000 in 1961 to  around 14 ,700  i n d i v i d u a l s  in 1980 (Western and 

V ig n e ,  1986) .  Between 1981 and 1987 the numbers f u r t h e r  d e c l in e d  by 

70% to  an e s t im a ted  t o t a l  p o p u la t io n  s i z e  o f  3 , 8 0 0  (Cumming, Du T o i t  

and S t u a r t ,  1987) .  The downward t ren d  in numbers c o n t in u es ,  the  

most recen t  e s t im a te  being 3 ,0 0 0  (E m sl ie  and Adcock, 1990) .  The 

d e c l i n e  in numbers has been accompanied by f r a g m e n ta t io n  in to  small  

p o p u l a t io n s ,  the la r g e s t  o f  which comprises 400 an im a ls ,  and between 

which th e re  is no exchange o f  g e n e t i c  m a t e r i a l .  Some s u b-spec ie s  o f  

b la c k  rh in o cero s  may have a l r e a d y  been l o s t ,  and the c o n t in e n t a l  

p o p u la t io n  has now been d iv i d e d  in to  f o u r  re g io n a l  u n i t s  which

co n ta in  v i a b l e  p o p u la t i o n s ,  s o uth -w estern  d e s e r t  ( D ice ro s  b.

b ic o rn  i s ) ,  s o u t h - c e n t r a l  A f r i c a  ( D ic e ro s  b. m in o r ) .  East  A f r i c a

( D ic e ro s  b. m i c h a e l i )  and those an im als  s u r v i v i n g  n o r th  o f  the 

r a i n f o r e s t  b e l t  (Cumming, Du T o i t  and S t u a r t ,  1990) .

The past  and p resen t  d i s t r i b u t i o n  o f  the w h i te  rh in o cero s  is  

shown in F ig .  1 .2 a and b.  The southern  w h i te  r h in o cero s  once 

ranged over most o f  Southern A f r i c a  from Angola to  Z u lu lan d  ( P l a y e r  

and F e e le y ,  1960; Owen-Smith,  1973) .  However, a t  the tu rn  o f  the  

c e n t u ry ,  i t s  numbers had f a l l e n  to on ly  200 i n d i v i d u a l s  in a small  

area  o f  N ata l  ( T u r n e r ,  1982) and Uganda ( P i t t m a n ,  1931) .  The

p o p u la t io n  has s in ce  recovered and, in c o n t r a s t  to  the b la c k  

r h in o c e r o s ,  has cont inued to  show a c l e a r  upward t ren d  and is now 

spread throughout much o f  the South A f r i c a n  subreg ion .  Between 1981 

and 1987 the t o t a l  A f r i c a n  p o p u la t io n  o f  Southern w h i te  rh in o cero s  

rose from 2,861 to  4 ,5 6 0  (Cumming e t  a ! . ,  1987 ) ,  an increase  o f  8% 

per annum.

The n o r th ern  w h i t e  subspecies o f  rh in o cero s  has been less  

f o r t u n a t e .  In the 1900s, the n o r th e rn  w h i t e  rh in o cero s  occurred
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F ig u r e  1 .1a .  Former d i s t r i b u t i o n  o f  the  b la c k  r h in o c e ro s .  L ig h t  

shading in d i c a t e s  the probable  d i s t r i b u t i o n  around 1700; dark  

shading i n d ic a t e s  d i s t r i b u t i o n  in 1900 (adapted  from Cumming e t  a t . ,  

1987) .

F ig u r e  1 .1 b .  D i s t r i b u t i o n  o f  the b lack  r h in o c e ro s  in 1987 (Cumming 

e t  a t . ,  1987) .

F ig u re  1 .2 a .  Probable d i s t r i b u t i o n  o f  the w h i t e  r h in o ceros  around 

1800 (Cumming e t  a t . ,  1990 ) .

F ig u r e  1 .2b .  D i s t r i b u t i o n  o f  the w h i te  r h in o c ero s  in 1987 (Cumming 

e t  a / . .  1990) .
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from Southern Chad, west  to Sudan and south to Uganda. However,  

numbers d e c l in e d  r a p i d l y  and, in 1980, 821 i n d i v i d u a l s  were known 

to  s u r v i v e  in the C e n t ra l  A f r i c a n  R ep u b l ic ,  Sudan, Uganda and Z a i r e  

(S id n e y ,  1985) .  W i t h in  fo u r  years  the p o p u la t io n  had crashed to 17 

a n im a ls ,  a l l  loca ted in Garamba n a t io n a l  park  in Z a i r e  (S m ith ,  

1986) .  The d e c l i n e  was subsequent ly a r r e s t e d  and the p o p u la t io n  

increased to  22 an imals in 1986 (Cumming e t  a / . ,  1987) .

The r a p id  d e c l i n e  in numbers o f  w i l d  rh in o cero ses  has made 

these key spec ies  o f  g r e a t  i n t e r e s t  in the f i e l d  o f  c o n s e rv a t io n .  

Although the p r e v e n t io n  o f  poaching and e x p o r t a t i o n  o f  rh in oceros  

pro ducts  has been the p r i o r i t y  f o r  spec ies  p r o t e c t i o n  in the p a s t ,  

i t  is now recognised t h a t  th e re  is an urgen t  need f o r  c a r e f u l l y  

planned g e n e t i c  and r e p r o d u c t iv e  management programmes f o r  the  

e x i s t i n g  p o p u la t io n s ,  i f  long term co n serv a t ion  o f  the rh inoceros  is  

to  be s u c c e s s f u I .

1 . 1 . 3  S t a t u s  in c a p t i v i t y

L i t t l e  in fo rm at io n  is a v a i l a b l e  on the bre ed in g  o f  Asian  

rh in o cero ses  in c a p t i v i t y .  C e r t a i n l y ,  the Javan and Sumatran 

spec ie s  a re  r a r e l y  seen in z o o lo g ic a l  c o l l e c t i o n s ,  w i t h  the only  

b i r t h s  being  recorded in the 19th cen tu ry  ( B a r t l e t t ,  1873) .  The 

In d ia n  rh in o ce ro s  has bred f a i r l y  r e g u l a r l y  in c a p t i v i t y  s ince  a 

b i r t h  in Bas le zoo in 1975 (Lang,  1975) .  However, the 80 an imals in 

c a p t i v i t y  (Olney and E l l i s ,  1989) cannot sa feguard  a g a in s t  the  

d e c l i n i n g  numbers in the w i l d .

The b lac k  r h in o ce ro s  has been e x h i b i t e d  in zoos f o r  over 100 

years b u t ,  w i t h  most an imals housed as s i n g l e  specimens ( H i n d l e ,  

1947) ,  the f i r s t  b i r t h  was not recorded u n t i l  1958 (Banks,  1986 ) .  

In 1987 the wor ld  c a p t i v e  p o p u la t io n  o f  b la c k  rh in oc ero s  numbered 

only  128 animals  (Olney and E l l i s ,  1989) and,  d e s p i t e  a t tempts  to  

r e l o c a t e  an imals to s t i m u l a t e  bre ed in g  ( S h a p c o t t ,  1986) ,  was 

r e c e n t l y  es t im ated  to  be decreas ing  by ap p ro x im ate ly  7% per annum
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(Lindemann,  1984) .  The southern w h i te  rh in o ce ro s  has bred more 

s u c c e s s f u l l y  in z o o lo g ic a l  c o l l e c t i o n s  ( R a w l in s ,  1979) ,  and the  

t o t a l  c a p t i v e  p o p u la t io n  now numbers 371 (Olney and E l l i s ,  1989) .  

The number o f  southern w h i t e  rh in o ce ro s  in c a p t i v i t y  is  a d ram at ic  

c o n t r a s t  to  the 13 no r th ern  w h i te  rh in o cero se s  in zo o lo g ic a l  

c o l l e c t i o n s .  U n t i l  r e c e n t l y ,  I I  o f  these animals  were housed in one 

lo c a t i o n ,  a t  Dvtir Kr4 lo v6  Zoo in C z e k o s I o v a k i a . Out o f  these  

an imals a s i n g l e  fem ale ,  Nasima, has b red .  Two female and a male 

Northern  w h i te  rh inoceroses  have now been moved to San Diego Wild  

Animal Park to  j o i n  a lone male,  where i t  is  hoped t h a t  f u r t h e r  

breedin g  may occur.

Although the numbers o f  southern w h i t e  rh in oceroses  in 

c a p t i v i t y  has cont inued  to increase  s t e a d i l y ,  the p o p u la t io n s  o f  

n o r th ern  w h i te  and b lack  rh in oceroses  a re  d e c l i n i n g .  There a re  

severa l  f a c t o r s  which may c o n t r i b u t e  to the d e c l i n e  in number of  

A f r i c a n  rh inoceroses  in c a p t i v i t y .  A high s t i l l  b i r t h  r a t e  and 

g e n e r a l ,  premature m o r t a l i t y  has added to  the d egenera t ion  o f  the  

p o p u l a t i o n .  The s i t u a t i o n  is  p a r t i c u l a r l y  s e r io u s  in the b lack  

r h in o c e r o s .  Through probable  d e f i c i e n c i e s  in n u t r i t i o n  ( D i e r e n f e l d ,  

Du T o i t  and M i l l e r ,  1988; GhebremeskeI , W i l l i a m s ,  Lewis and Du 

T o i t ,  1988) ,  perhaps due to mismanagement, h ae m o ly t ic  anaemia had 

a f f l i c ^ t e d  around 25X o f  the c a p t i v e  p o p u la t io n  causing death in 

over 15 an im als  ( M i l l e r  and B o ever , 1982) .  I n a p p r o p r ia t e

management may a ls o  account f o r  s o c ia l  d e f i c i e n c i e s  lead ing  to  

r e p r o d u c t iv e  f a i l u r e  w i t h i n  the p o p u la t io n .  Undoubtedly one o f  the  

main c o n t r i b u t o r y  f a c t o r s  to the poor breed ing  record  in c a p t i v i t y  

is  the lack o f  knowledge o f  the r e p r o d u c t i v e  b io lo g y  o f  the  

rh in o ce ro s  and the f a c t o r s  r e q u i r e d  f o r  r e p r o d u c t iv e  success. The 

importance o f  o b t a in in g  such in fo rm at io n  is  i l l u s t r a t e d  in the  

spec ies  s u r v iv a l  p lan  f o r  A f r i c a n  rh in o cero ses  which is produced by 

the C a p t iv e  Breeding S p e c i a l i s t  Group ( p a r t  o f  the American  

A s s o c ia t io n  o f  Zoo Parks and Aquariums) (Cumming e t  a l . ,  1989) .  

This  p lan  a s c r ib e s  p r i o r i t y  s t a t u s  to  r e p r o d u c t i v e  s t u d ie s  on the  

animals which remain in c a p t i v i t y  in order  to  gain an in s ig h t  in to  

the b io lo g y  and ph ys io logy  o f  the spe c ie s .
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1 . 2 . 1  Reproduct ive  behav iour

Very l i t t l e  is known about the r e p r o d u c t i v e  behav iour o f  

A f r i c a n  r h in o c ero ses ,  and the in f o rm a t io n  a v a i l a b l e  comes l a r g e l y  

f rom s t u d ie s  c a r r i e d  out in the w i l d .  However, i t  is  c l e a r  f rom 

these s t u d ie s  t h a t  t h e r e  a re  d i f f e r e n c e s  in the p a t t e r n  o f  so c ia l  

behav iour  o f  the w h i te  and the b la ck  s p e c ie s .

White rh in o ce ro s  b u l l s  o f  r e p r o d u c t iv e  age a re  s t r i c t l y  

t e r r i t o r i a l  (Owen-Smith,  1971) .  Groups may occur w i t h i n  each 

t e r r i t o r y ,  each group c o n s is t i n g  o f  females  and s u b - a d u l t s  w i th  

which the male is as s o c ia te d  ( R i p l e y ,  1958; Guggisberg ,  1966) .  As 

a consequence,  breed ing  o f  the w h i te  rh in oc ero s  in c a p t i v i t y  is most 

successfu l  when the animals a re  kept  in herds,  a l though  t h i s  species  

is o f t e n  e x h i b i t e d  in p a i r s  f o r  ease o f  management.

An indepth study o f  the w h i te  r h in o c e ro s  herd a t  Whipsnade 

W ild  Animal Park (O'Connor,  1982; O'Connor, 1986) demonstrated t h a t  

the e s tab l is h m e n t  o f  dominance by the b u l l  p ro v id e s  s t i m u l a t i o n  f o r  

rep ro d u c t io n  w i t h i n  the herd ,  and s t u d ie s  in the w i l d  have conf irmed  

t h i s  o b s e rv a t io n  (Owen-Smith,  1975; E r i k s e n ,  1977) .  Studbook 

keepers Klos and Frese (19 7 8 )  f u r t h e r  suggested t h a t  severa l  females  

must be present  to ensure breed in g  succe*ss in c a p t i v i t y ,  and 

s i m i l a r  conclus ions were drawn from a survey by Rawlins ( 1 9 7 9 )  which 

demonstrated t h a t  zoos w i t h  more than 3 an im als  were the most 

successful  in b reed ing  w h i t e  rh in o ce ro s es .  However, the r e l a t i v e  

e x t e n t  to which b ehav io ura l  and p h y s i o lo g ic a l  f a c t o r s  c o n t r i b u t e  to  

the f a i l u r e  o f  re p ro d u c t io n  in c a p t i v i t y  is  d i f f i c u l t  to  assess as 

no method o f  m o n i to r in g  re p r o d u c t i v e  f u n c t i o n  is  a v a i l a b l e .

The b la ck  rh in oc ero s  is  thought to  be less s t r i c t l y  

t e r r i t o r i a l  (Schenkel  and Schenke I—HuI I i g e r , 1969) ,  and males and

females  a re  r a r e l y  seen to g e th er  except  when the female is  in 

o e s t ru s  (Goddard,  1967) .  L i m i t e d  in fo r m a t io n  is  a v a i l a b l e  on the
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r e p r o d u c t i v e  behaviour  o f  t h i s  spec ies  in c a p t i v i t y  as few females  

have bred .  Black rh inoceroses  a re  o f t e n  e x h i b i t e d  in p a i r s  which 

has been shown to  a d ve rse ly  a f f e c t  mutual sexual  i n t e r e s t  (K lo s  and 

F r a d r i c h ,  1970) ,  a l though the s i g n i f i c a n c e  o f  t h i s  management p o l i c y  

over r e p r o d u c t iv e  d y s fu n c t io n  due to  p h y s i o lo g ic a l  problems is  

unknown.

1 . 2 . 2  Sexual m a t u r i t y

Accura te  d e t e rm in a t io n  o f  the age o f  an im als  in the w i l d  is  a 

d i f f i c u l t  process and most s t u d ie s  have had to  r e l y  on e s t im a t io n  

o f  body length (G u e r in ,  1980) and horn s i z e  (Roth and C h i l d ,  1968) .  

However, i t  has been e s t im a ted  t h a t ,  a l though  the animal  may be 

capable o f  reproduc ing a t  an e a r l i e r  age, w h i t e  rh ino c ero s  b u l l s  

w i l l  not  r i s e  to the p o s i t i o n  o f  dominant males u n t i l  the age o f  IQ-  

12 y e a rs .  However, female  w h i te  rh inoceroses  w i l l  reproduce as soon 

as sexual  m a t u r i t y  is a t t a i n e d  a t  5 - 6  years o f  age (Heppes, 1958; 

Owen-Smith, 1971) .  More a c c u r a te  f i g u r e s  f o r  the age o f  sexual  

m a t u r i t y ,  o b ta in ed  from a census o f  an im als  in c a p t i v i t y  

(Lindemann, 1982) ,  correspond w e l l  w i t h  r e s u l t s  o b ta in ed  in the  

w i l d .

Black  rh in o cero s  b u l l s  become capable o f  s i r i n g  young a t  

around 6 years o f  age,  both in the w i l d  ( R i t c h i e ,  1963; Schenkel  

and Schenke I-Hii  I I i ger , 1969; M e n t is ,  1972; Reuther ,  1972; Ha I I — 

M a r t i n ,  1986) and in c a p t i v i t y  ( F r a u s t ,  1958; D i t t r i c h ,  1967; 

Yamamotto, 1967) .  Data from the rh in o c ero s  p o p u la t io n  in Tsavo East  

(Schenkel  and SchenkeI-Hu I I i g e r , 1969) suggests t h a t  females reach

sexual  m a t u r i t y  a t  3H-4 y e a r s .  Al though a s i m i l a r  o b s e rv a t io n  was 

made by Jones ( 1 9 7 9 ) ,  more recen t  and r e p r e s e n t a t i v e  evidence  

suggests t h a t  b lack  rh in o ce ro s  cows in z o o lo g ic a l  c o l l e c t i o n s  w i l l  

not breed u n t i l  aged 5 - 7  years (Lindemann, 1982; Lindemann, 1984) .



32

1 . 2 . 3  Oestrous c y c le

The length o f  the oes trous  c y c le  o f  the w h i te  rh in oceros  has 

been e s t im ated  to  be 30 days,  based on the  i n t e r v a l s  between matings  

observed in the w i l d  (Owen-Smith,  1971) .  The 30 day cy c le  length  

has not been s a t i s f a c t o r i l y  conf irmed in c a p t i v i t y ,  and a range o f  

i n t e r - o e s t r u s  i n t e r v a l s  o f  27 -265  days has been re p o r te d  in a s i n g l e  

study which c o l l a t e d  data  on 29 females  prov id ed  by zoos around the  

world  (Lindemann,  1982 ) .  However, the same study suggested t h a t  

be hav io ura l  o e s t ru s  in the w h i t e  r h in o c ero s  is  very  s h o r t  and t h a t  

females may suspend o v e r t  s igns  o f  o e s t ru s  f o r  long per iods  o f

t im e ,  both o f  which may account f o r  the wide range o f  c y c le  lengths  

re p o r te d  from behav io ura l  o b s e r v a t io n s .  Wi thout  hormonal d a ta ,  

which are  c u r r e n t l y  u n a v a i l a b l e  f o r  t h i s  sp ec ies ,  accu ra te  

d e t e r m in a t io n  o f  the length  o f  the o v a r ia n  cyc le  o f  the w h i te

rh in o cero s  is d i f f i c u l t .

A s i n g l e  study has e s t im ate d  the length o f  the oestrous  cyc le  

o f  the b la ck  rh in oc ero s  in the w i l d  to  be 35 days ( H i t c h i n s  and 

Anderson,  1983) .  Female b la c k  rh in o ce ro s es  in o e s t ru s  u r i n a t e  

f r e q u e n t l y ,  leav in g  a w h i te  s t r e a k y  d e p o s i t  around and beneath the  

vu lva  (Goddard,  1967);  to g e th er  w i t h  a swol len  v u lv a ,  and the close  

a t t e n t i o n s  o f  males,  these a re  the signs o f  o es t ru s  in t h i s  spec ies  

(Mukinya,  1973) .  However, the o b s e r v a t io n  o f  s u b t le  changes in 

behaviour  ass o c ia te d  w i t h  o e s t ru s  is  d i f f i c u l t  in the w i l d  where 

th e re  is r e s t r i c t e d  view o f  an imals ( B r e t t ,  Hodges and Wanjohi ,

1988) .  In c a p t i v i t y ,  where close  beh av io ura l  o b s e r v a t io n  is 

p o s s ib le ,  in te i—o es t ru s  i n t e r v a l s  o f  between 17 and 60 days have

been re p o r te d  ( D i t t r i c h ,  1967; Gowda, 1967; Greed,  1967; 

Hal Is t ro m, 1967; Yamamotto, 1967) .  Once a g a in ,  such v a r i a t i o n  

demonstrates the u n r e l i a b i l i t y  o f  e s t i m a t i n g  c y c le  length  by 

b ehav ioura l  o b s erv a t io n  and i l l u s t r a t e s  the requirement  o f  hormonal 

d a ta .  Ramsay, Kasman and Las ley ( 1 9 8 7 )  were unable to  moni tor  the  

o v a r ia n  cyc le  o f  the b la c k  rh ino c ero s  by endocr ine methods, and 

could t h e r e f o r e  not o f f e r  any f u r t h e r  in fo r m a t io n  on the length o f  

the oestrous  cyc le  in t h i s  s p e c ie s .  Bamberg and Schwarzenberger
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(1 9 9 0 )  have suggested a cyc le  length o f  25 days in the b lack  

r h in o c e ro s  by e s t im a t in g  the t ime in t e r v a l  between n a d i r s  o f  fa eca l  

progestagen e x c r e t i o n ,  a l though  the d a ta  is  p r e l i m i n a r y  and the  

methods used have ye t  to  be v a l i d a t e d .  No o th e r  publ ished  

in fo r m a t io n  is a v a i l a b l e .

1 . 2 . 4  G e s t a t io n  p e r io d

Both b lac k  and w h i te  rh inoceroses  n orm al ly  g iv e  b i r t h  to a 

s i n g l e  c a l f .  The g e s t a t i o n  p e r io d  in the w h i t e  r h in o ce ro s  has been 

es t im a te d  to  be 15-18 months in both the w i l d  (Owen-Smith,  1971)  

and in c a p t i v i t y  (R a w l in s ,  1979; Lindemann, 1982; Hodges and 

Green, 1989) .  A s h o r t e r  length o f  13-15 months has been rep o r ted  

f o r  the b lac k  rh in o ce ro s  both in the w i l d  (Goddard,  1967; Joubert  

and E l o f f ,  1971; Hal 1 -M a r t in  and Penzhorn,  1977) and in c a p t i v i t y  

( D i t t r i c h ,  1967; Goddard, 1967; Gowda, 1967; Hays, 1967; 

Yamamotto, 1967; Roomaker, 1973; Ramsay e t  a l . ,  1987; Wanjohi ,

1989) .

For both s p e c ie s ,  most e s t im a te s  o f  g e s t a t i o n  length  a re  based 

on c a l c u l a t i n g  the i n t e r v a l  between the l a s t  observed mat ing  and 

p a r t u r i t i o n .  However, d e te rm in in g  the mat ing t h a t  led to  concept ion  

is  o f t e n  d i f f i c u l t .  The on ly  r e l i a b l e  da ta  have been pro vided  by 

Wanjohi (1989 )  who determined the g e s t a t i o n  length o f  a s i n g l e  b lack  

r h in o ce ro s  to  be 494 days by m o n i to r in g  endocrine  changes du ring  

pregnancy .

In summary, c u r r e n t  knowledge o f  the r e p r o d u c t iv e  b io lo g y  o f  

the A f r i c a n  spec ies o f  rh in o cero s  is  d e r iv e d  m a in ly  from behav ioura l  

s t u d ie s  in the w i l d  where r e l i a b l e  o b s e r v a t io n s  a re  d i f f i c u l t  to  

o b t a i n .  In fo rm a t io n  on r e p r o d u c t iv e  p h ys io lo gy  is  l i m i t e d  to a 

couple o f  s t u d ie s  on the  b la c k  rh in oc ero s  where some usefu l  data  

have been pro vided  on the length  o f  g e s t a t i o n ,  but  no in fo rm a t io n  is  

a v a i l a b l e  reg ard in g  the o v a r ia n  c y c l e .  There a re  no pu b l ish ed  data  

on the endocr inology o f  the o v a r ia n  c y c le  or g e s t a t i o n  length  in the  

w h i te  rh in o c ero s .
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There are  a number o f  reasons f o r  t h i s  lack o f  p h y s io lo g ic a l  

i n f o rm a t io n .  The main reason is t h a t  th e re  have been l i m i t e d  

o p p o r t u n i t i e s  to study "normal" r e p r o d u c t iv e  phys io lo gy  w i t h i n  the  

c a p t i v e  rh inoceros  p o p u la t io n  due to  the poor r e p r o d u c t iv e  success 

and d i f f i c u l t i e s  presented by management p o l i c i e s .  Another  

impor tant  p o in t  is the  p h ys ica l  d i f f i c u l t y  o f  working w i t h  the  

animals  due to  t h e i r  s i z e  and i n t r a c t a b l e  n a t u r e .  T h is  is a problem 

exper ienced by many s c i e n t i s t s  who work w i t h  w i l d  a n im a ls ,  and thus 

methods have been devised to  overcome t h i s  o b s t a c l e .  The 

requirements  f o r  assessing r e p r o d u c t iv e  s t a t u s  in e x o t i c  spec ies ,  

and methods c u r r e n t l y  a v a i l a b l e  w i t h  resp ect  to the fem ale ,  a re  

considered in the next  s e c t i o n .

1 .3  METHODS FOR ASSESSING FEMALE REPRODUCTIVE STATUS

There a re  a v a r i e t y  o f  methods a v a i l a b l e  f o r  assessing  

r e p ro d u c t iv e  s t a t u s  in female  mammals, as shown in F i g .  1 .3 .  For 

use in the m o n i to r ing  o f  r e p r o d u c t iv e  f u n c t io n  in e x o t i c  an im als ,  

such methods need to be a c c u r a t e ,  r e l i a b l e  and s u f f i c i e n t l y  

v e r s a t i l e  to a l l o w  a p p l i c a t i o n  to d i f f e r e n t  sp e c ie s .  With the  

u l t i m a t e  aim o f  per fo rm in g  assessments in zoos and in the w i l d ,  

methods should be p r a c t i c a l ,  economical ,  s imple  and r e q u i r e  the 

minimum amount o f  s o p h i s t i c a t e d  la b o ra t o r y  equipment.  Few methods 

s a t i s f y  a l l  the requirements  l i s t e d  but  in v a s iv e  methods, which 

r e q u i r e  cap tu re  and r e s t r a i n t  or s ed a t io n  o f  the a n im a l ,  a re  not  

s u i t a b l e  f o r  use in the case o f  many e x o t i c  s p e c ie s .  N o n - in va s ive  

methods may t h e r e f o r e  p ro v id e  the on ly  p o s s ib l e  a l t e r n a t i v e  f o r  

assessing re p r o d u c t iv e  s t a t u s  in these an im a ls .

1 .3 .1  Non-endocrine methods o f  assess ing  r e p r o d u c t i v e  s t a t u s

The ob se rva t io n  o f  changes in vag in a l  conten ts  in response to  

c y c l i c  f l u c t u a t i o n s  in c i r c u l a t i n g  hormones, is a p o t e n t i a l l y  

usefu l  method f o r  d e te rm in in g  r e p r o d u c t iv e  s t a t u s  and p r e d i c t i n g  the  

t ime o f  o v u l a t i o n .  However, t h e re  a re  d i f f i c u l t i e s  in o b t a i n in g
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F ig u r e  1 .3  Methods For assess ing  r e p r o d u c t iv e  s t a t u s  in female  

e x o t i c  mammals. Adapted from Hodges ( 1 9 9 0 ) .

Non-endocr i ne

Laparotomy 

Laparoscopy  

Ult rasonography  

Behav ioural  o b s e rv a t io n *  

Vag inal  c y to lo g y

Endocr i ne

BIood samp Ie  

S a I i  va samp Ie 

Ur i ne samp Ie*  

Faecal  sample*  

M i l k  samp Ie

•Methods r e q u i r i n g  no co n tac t  w i t h  the animal
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in f o r m a t i v e  measurements across a d iv e r s e  range o f  spec ies  (D'Souza,  

1978) and, in p r a c t i c e ,  the u s e f u l /n e s s  o f  such methods is l i m i t e d  

by the need to  r e s t r a i n  or sedate the animal f o r  d a i l y  c o l l e c t i o n  of  

d a ta .

R e a l - t i m e  u l t rasonography  has been a p p l i e d  to  in v e s t i g a t e  

o v a r ia n  dynamics and pregnancy in p r im a tes  (Morgan, Hutz ,  Kraus and 

Cormie,  1985; T a ra n ta l  and H endrickx ,  1988) and o th e r  e x o t i c  

mammals (Wilson and Du Boulay ,  1988) .  Al though u l t ras o un d  has the  

advantage t h a t  organs may be v i s u a l i s e d  and a ra p id

d ia g no s is  may be o b ta in e d ,  use o f  t h i s  technique r e q u i r e s  d i r e c t  

co n tac t  w i t h  the animal which invo lves  se d a t io n  in many cases. Use 

in the rh in o cero s  is f u r t h e r  l i m i t e d  as t h i s  is  a la rge  animal in 

which the i n t e r n a l  organs and s i t u a t e d  deep w i t h i n  the body; r e c t a l  

probing would be necessary in t h i s  spec ies  which would r e q u i r e  

im m o b i l i s a t io n  p o s s ib ly  causing s t r e s s  and damage to the sp ina l  cord 

w h i l s t  the animal is recumbent (K in g ,  1969) .  S i m i l a r  r e s t i c t i o n s  

l i m i t  the use o f  r e c t a l  p a l p a t i o n  (Mahoney, 1970; S tu de r ,  1975) in 

the rh in o ce ro s  sp ec ies .

The s u r g ic a l  procedures o f  laparoscopy and laparotomy a l lo w  

d i r e c t  o b s e rv a t io n  o f  the o v a r i e s  and thus enable  the p r e c i s e  t ime  

o f  o v u l a t i o n  to be determined f o r  successfu l  a r t i f i c i a l  

in se m in a t io n .  Such techniques  a re  a ls o  i n v a l u a b le  in d e t e c t i n g  

anatomica l  a b n o r m a l i t i e s  which cause re p r o d u c t iv e  d y s fu n c t io n ,  and 

can t h e r e f o r e  be usefu l  d i a g n o s t i c  t o o l s .  D e s p i te  the obvious  

advantages ,  laparoscopy and laparotomy a r e  in vas iv e  procedures ,  

r e q u i r i n g  surg ery ,  expensive  equipment and s k i l l e d  labour.  The need 

f o r  r e g u l a r  sed at io n  or  an a e s th e s ia  a ls o  l i m i t s  the a p p l i c a t i o n  o f  

these methods f o r  assessing r e p r o d u c t iv e  s t a t u s  in l a rg e  e x o t i c  

s p e c ie s .  I t  has a ls o  been shown t h a t  the s u r g ic a l  s t r e s s  involved  

w i t h  laparoscopy and laparotomy may in i t s e l f  be s u f f i c i e n t  to  

i n h i b i t  or a l t e r  the p a t t e r n  o f  r e p ro d u c t io n  in many w i l d  animals  

(Bosu, Johansson and G em zel l ,  1973) .  However, in some e x o t i c  

sp e c ie s ,  eg. c a rn iv o re s  ( W i l d t  and S e a g e r , 1979; Bush, Seager and

W i l d t ,  1980; W i l d t ,  1980; Bonney, Moore and Jones,  1981) ,  non-
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i n v a s iv e ,  endocrine methods f o r  assessing r e p r o d u c t iv e  s t a t u s  have 

been unsuccessful  and laparoscopy and laparotomy cont inue  to 

p ro v id e  v a lu a b le  in fo rm a t io n  to  r e p r o d u c t iv e  p h y s i o l o g i s t s .

With  i n t r a c t a b l e  and dangerous an imals such as rh in o cero ses ,  

i t  is  h a r d ly  s u p r i s in g  t h a t  the m a j o r i t y  o f  r e p o r t s  on r e p r o d u c t iv e  

assessment have r e l i e d  upon beh av iou ra l  o b s e r v a t i o n .  Al though such 

o b s e r v a t io n s  a l l o w  the d e t e c t i o n  o f  r e p r o d u c t iv e  events  they a re  

no t ,  on t h e i r  own, s u f f i c i e n t l y  a c c u r a te  to  determine the exact  

t im in g  o f  o v u l a t i o n  and to  diagnose r e p r o d u c t iv e  d ys fu n c t io n  

(Hodges, 1986) .  In order  to u t i l i s e  a r t i f i c i a l  breed ing  techniques  

to a i d  c a p t i v e  management o f  e x o t i c  sp ec ies ,  behav io ura l  

o b s e r v a t io n s  must be combined w i t h  a sound knowledge o f  the a n i m a l 's  

r e p r o d u c t iv e  endocrino logy  and phys io lo gy  (Hodges and Hearn,  1983) .

1 . 3 . 2  Endocr ine  methods f o r  assessing  r e p r o d u c t i v e  s t a t u s

The female r e p r o d u c t i v e  cyc le  is c o n t r o l l e d  by c i r c u l a t i n g  

gonadotrophins ( l u t e i n i z i n g  hormone, LH, and f o l l i c l e  s t i m u l a t i n g  

hormone, FSH) which s t i m u l a t e  oocytes w i t h i n  the ovary to  mature,  

o v u l a t e  and l u t e i n i z e ,  producing the o v a r ia n  s t e r o i d s ,  oestrogens  

and progestagens,  which in tu rn  r e g u l a t e  gonadotrophin  r e l e a s e .  

Measurement o f  changes in c o n c e n t r a t io n  o f  these re p r o d u c t iv e  

hormones in the p e r ip h e r a l  c i r c u l a t i o n  p rov id es  an accu ra te  

i n d i c a t i o n  o f  o v a r ia n  f u n c t i o n .

New and h ig h ly  s e n s i t i v e  immunoassays to measure hormones in 

the c i r c u l a t o r y  system have enabled the  endocrino lo gy  o f  the o v a r ia n  

cyc le  and pregnancy o f  women, l a b o r a t o r y  an imals  and most domestic  

species  to  be c h a r a c t e r i s e d  in d e t a i l .  Such knowledge has a l lowed  

a r t i f i c i a l  breed ing  techniques to  be employed to  m an ip u la te  

r e p ro d u c t io n  in the human ( C o l l i n s ,  1983) and increase  p r o d u c t i v i t y  

of  many farm an imals (Gordon,  1983) .  However, the hormonal cont ro l  

o f  rep ro d u c t io n  v a r i e s  s i g n i f i c a n t l y  between s p e c ie s ,  and d e t a i l e d  

i n v e s t i g a t i o n  in to  the re p r o d u c t i v e  endocr in o logy  o f  each new animal  

s tu d ie d  is  necessary.
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In order to o b t a in  r e l i a b l e  in fo rm a t io n  on the f l u c t u a t i o n s  in 

c i r c u l a t i n g  hormones, f r e q u e n t  blood samples must be c o l l e c t e d .  

Whereas r e g u la r  blood sampling is  p o s s ib l e  in some s m a l l ,  e x o t i c  

mammals which may be e a s i l y  r e s t r a i n e d  or t r a i n e d  f o r  la b o ra to ry  

purposes , eg. C a 1 1 i t r i c h i d s  (Chambers and Hearn,  1979; Hearn,

1983) ,  s e q u e n t ia l  samples a re  seldom a v a i l a b l e  from an i n t r a c t a b l e  

spec ie s  such as the  r h in o c e ro s .  The degree o f  r e s t r a i n t ,  and even 

s e d a t i o n ,  t h a t  may be r e q u i r e d  to  o b t a in  blood samples from la r g e ,  

e x o t i c  spec ies  is s u f f i c i e n t  to  p r o h i b i t  the use o f  t h i s  method o f  

r e p r o d u c t i v e  m o n i to r in g  in most zoo a n im a ls .  One e xce p t io n  is the  

e l e p h a n t ,  a spec ies which may be t r a i n e d  to accept  blood sampling  

w it h o u t  s t r e s s  (B ran n ian ,  G r i f f i n ,  P apkof f  and Ter ranova ,  1988; 

P l o t k a ,  S e a l ,  Zarembka, Simmons, T eare ,  P h i l l i p s ,  Hinshaw and Woods, 

1988) .  In the A f r i c a n  and Asian e le p h a n t s ,  in a d d i t i o n  to  

m o n i to r in g  the o v a r ia n  f u n c t i o n  by changes in c i r c u l a t i n g  l e v e l s  o f  

pro g es te ro n e ,  the measurement o f  p r o l a c t i n  in the blood is a 

r e l i a b l e  way o f  d e t e c t i n g  pregnancy (Hodges, Henderson and M c N e i l l y ,  

1983; M c N e i l l y ,  M a r t i n ,  Hodges and Smuts, 1983) and, as f r e q u e n t  

sampling is not r e q u i r e d ,  the in fo rm a t io n  o b ta in e d  j u s t i f i e s  the use 

o f  the procedure .

I t  is c l e a r l y  not p o s s ib le  to c o l l e c t  r e g u l a r  blood samples 

f rom rh in ocero ses  a l though  d e t a i l e d  knowledge o f  the r e p r o d u c t iv e  

endocr ino logy  is r e q u i r e d  to  improve b reed in g  preformance in 

c a p t i v i t y .  Endocrine methods o f  assessing r e p r o d u c t i v e  s t a t u s ,  

accompanied by n o n - in v a s iv e  sample c o l l e c t i o n  t h e r e f o r e  o f f e r  the  

o nly  f e a s i b l e  approach f o r  long term s t u d ie s  on an imals  in 

z o o lo g ic a l  c o l l e c t i o n s .  The measurement o f  o v a r ia n  s t e r o i d s  in body 

f l u i d s  o th e r  than plasma p o t e n t i a l l y  p ro v id es  a r e l i a b l e  method f o r  

m o n i to r in g  o v a r ia n  f u n c t io n  p r o v id in g  l e v e l s  o f  the hormone, or i t s  

m e t a b o l i t e ,  a c c u r a t e l y  r e f l e c t  the l e v e l s  in the p e r ip h e r a l  

ci rcu I  a t  i o n .

Measurement o f  the pro gestero ne  conte nt  o f  m i l k  (Sauer ,  

Foulkes ,  Worsfo ld  and M o r r i s ,  1986) has been use fu l  in de te rm in in g  

the r e p r o d u c t iv e  s t a t u s  o f  animals in which l a c t a t i o n  is  concurren t
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w i t h  o v a r ia n  cyc le s  and pregnancy,  eg.  the cow (Hoffman and 

Hamburger, 1973) ,  goat  (Murray and Newstead,  1988) and horse  

(G un th er ,  Fowley, Gaver ic k  and P l o t k a ,  1980) .  S a l i v a r y  progesterone  

l e v e l s  have a ls o  been shown to  c o r r e l a t e  w e l l  w i t h  c i r c u l a t i n g  

c o n c e n t r a t io n s  dur in g  o v a r ia n  cy c les  in the human ( F i n n ,  G os l ing ,  

T a l I o n ,  Madden, Meechanm and F o t t r e l l ,  1988; Lenton,  Ge ls thorp  and 

H arp er ,  1988) and cow (Gao, Short  and F l e t c h e r ,  1988) ,  and may a ls o  

be usefu l  in d e t e c t i n g  pregnancy in the b la c k  rh inoceros  

( N .M .C z e k a la ,  personal  communicat ion) .  Obscure n o n - in v a s iv e  methods 

o f  de te rm in in g  r e p r o d u c t i v e  s t a t u s ,  such as h a i r  progesterone  

a n a l y s i s  ( L i u ,  Chen, Guo, Song and Zhang, 1988 ) ,  have been proposed 

but have yet  to be v a l i d a t e d .

The a n a ly s i s  o f  hormone m e t a b o l i t e s  in u r in e  and faeces  has 

prov id ed  a b as is  f o r  the c h a r a c t e r i z a t i o n  o f  the o v a r ia n  cyc le  and 

pregnancy in many e x o t i c  spec ies  ( rev iew ed  by L o s k u t o f f ,  O t t  and 

Las le y ,  1983; Las le y ,  1985; Hodges, 1986; 1990) .  The major

advantage o f  hormonal assessment o f  r e p r o d u c t i v e  s t a t u s  by 

measurement o f  exc re te d  hormones is t h a t  sample c o l l e c t i o n  avoids  

d i r e c t  contac t  w i t h  the animal and such procedures a re  t h e r e f o r e  

p o s s ib le  in spec ies  which a re  d i f f i c u l t  to  handle or  e a s i l y  

s t re s s e d .  However, as corresponding blood samples a re  u s u a l ly  

u n a v a i l a b l e ,  i t  is  not  p o s s ib le  to c o r r e l a t e  r e s u l t s  ob ta ined  w i t h  

plasma hormone p r o f i l e s ,  and behav io ura l  o b s e rv a t io n s  must be used 

to  determine the t ime o f  r e p r o d u c t iv e  e v en ts .  The c lea ran c e  r a t e  o f  

hormones from the body r e s u l t s  in a c e r t a i n  d e lay  which makes the  

exact  t ime o f  o v u l a t i o n  d i f f i c u l t  to  d e te rm in e .  Fur therm ore ,  t h i s  

delay  r e s u l t s  in an i n t e g r a t e d  p i c t u r e  r a t h e r  than a d e s c r i p t i o n  o f  

s h o r t - t e r m  changes and does not  enab le  p u l s a t i l e  r e le a s e  o f  hormones 

to  be d e t e c t e d .

E q u a l ly  important  is the  i d e n t i f i c a t i o n  o f  the hormone 

m e t a b o l i t e s  in u r in e  and faeces  which w i l l ,  when measured by 

immunoassay, most a c c u r a t e l y  r e f l e c t  o v a r ia n  f u n c t i o n .  This  is o f  

p a r t i c u l a r  importance when c o n s id e r in g  the  measurement o f  e x c r e te d ,  

o v a r ia n  s t e r o i d  hormone m e t a b o l i t e s .  W h i l s t  c i r c u l a t i n g  o va r ian
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s t e r o i d s  do not d i f f e r  s i g n i f i c a n t l y  between t a x a ,  spec ies  

d i f f e r e n c e s  in the metabol ism and ro u te  o f  e x c r e t i o n  o f  progesterone  

and o e s t r a d i o l - 1 7 8  have been demonstrated.  I t  is  t h e r e f o r e  very  

importan t  to  i d e n t i f y  the oes trogen and progesterone  m e t a b o l i t e s  

t h a t  a re  e xc re te d  in t o  the u r i n e  and faec es  o f  each new spec ies  

s t u d i e d .  The b i o s y n t h e s is  o f  re p r o d u c t iv e  s t e r o i d s  and the p o s s ib le  

end products produced by in v i vo  s t e r o i d  metabo l ism a re  discussed in 

the f o l l o w i n g  s e c t i o n .

1 .4  BIOSYNTHESIS AND METABOLISM OF REPRODUCTIVE HORMONES

Both c i r c u l a t i n g  gonadotrophins and o v a r ia n  s t e r o i d  hormones 

a re  m etab o l ised  in the body p r i o r  to e x c r e t i o n  v i a  the u r in e  or 

f a e c e s .  Al though the measurement o f  u r i n a r y  gonadotrophins has 

prov id ed  v a lu a b le  in fo rm a t io n  on the endocr ino lo gy  o f  the o v a r ia n  

c y c le  in a number o f  spec ies  t h e re  a re  s p e c i f i c  problems a sso c ia te d  

w i t h  t h e i r  d e t e rm in a t io n  (see  next  s e c t i o n ) .  Such problems l i m i t  

the use o f  u r i n a r y  gonadotrophin a n a l y s i s  and,  a l though  

gonadotrophin  measurement can enhance r e s u l t s  o b ta in ed  by s t e r o i d  

a n a l y s i s ,  the measurement o f  s t e r o i d  m e t a b o l i t e s  is a more r e l i a b l e  

and f e a s i b l e  method o f  assess ing  r e p r o d u c t i v e  s t a t u s .  For t h i s  

reason the emphasis o f  t h i s  s e c t i o n ,  and indeed t h i s  t h e s i s ,  is on

the metabol ism and e x c r e t i o n  o f  s t e r o i d  hormones.

1 . 4 . 1  G Iy c o p ro te i  n hormones

The g ly c o p r o t e i n  hormones inc lude  the p i t u i t a r y  hormones, LH, 

FSH and t h y r o i d - s t i m u l a t i n g  hormone, and the p la c e n t a l  hormones, 

human and equine c h o r io n ic  gonadotrophins.  A l l  o f  these  hormones 

a re  composed o f  a p r o t e i n  core w i t h  branched carb ohydrate  s id e  

cha ins u s u a l l y  t e r m i n a t in g  w i t h  s i a l i c  a c i d .  The g l y c o p r o t e in  

hormones share a common q u a r t e r n a r y  s t r u c t u r e ,  each hormone

possessing two n o n - i d e n t i c a I  a  and 8 s u bu n i ts  w i t h  hydrophobic  

b in d in g  between the su b u n i ts  ( A l o j ,  Ede loch ,  Ingham, Morgan,  

C a n f i e l d  and Ross, 1973) .  The o - s u b u n i t s  o f  a l l  the homologous
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g l y c o p r o t e i n  hormones are  n e a r l y  i d e n t i c a l ,  w h i l s t  the 3 - s u b u n i ts  

c o n fer  s p e c i f i c i t y  on each o f  these  hormones ( P i e r c e ,  1971) .

G ly c o p ro t e in  hormones a r e  m e tab o l ised  in the l i v e r ,  where the  

p r o t e i n  component o f  the hormone is denatured .  However, a l though  

the s t r u c t u r e  o f  the molecu le  changes d r a m a t i c a l l y  on metabol ism,  

the f u n c t i o n a l  s i t e  remains i n t a c t .  The b i o a c t i v e  hormone 

m e t a b o l i t e  is  then ex cre te d  v i a  the k id n ey ,  in t o  the u r i n e .

1 . 4 . 1 . 1 P i t u i t a r y  gonadotrophins

The b io s y n th e s is  o f  gonadotrophins ,  LH and FSH, in the  

p i t u i t a r y  is under the c o n t ro l  o f  gonadotroph in  r e l e a s i n g  hormone 

(GnRH), produced in the hypothalamus and d ischarged  in a p u l s a t l e  

manner v i a  the p o r t a l  network to reach the p i t u i t a r y  ( C l a r k e  and 

Cummins, 1982) .

E x t r a c t i o n  s t u d ie s  o f  normal p i t u i t a r y  t i s s u e  have re vea le d  

the presence o f  an excess c o n c e n t ra t io n  o f  the a - s u b u n i t  o f  LH and 

FSH ( P r e n t i c e  and Ryan, 1975; Kaplan,  Grumbach and A u b e r t ,  1976) ,  

but s m a l le r  and perhaps more s i g n i f i c a n t  amounts o f  f r e e  $ -s u b u n i t  

of  e i t h e r  gonadotrophin (Dubois and Dubois,  1974; Hagen and 

M c N e i l l y ,  1976) .  These o b s e rv a t io n s  suggest  t h a t  co n t r o l  o f  

s y n th e s is  o f  gonadotrophins w i t h i n  the p i t u i t a r y  r e s i d e s  in the  

c o n t ro l  o f  sy n th e s is  o f  t h e i r  unique f i - s u b u n i t .

1 . 4 . 1 . 2 C h o r io n ic  gonadotrophins

Human c h o r i o n i c  gonadotrophin (hCG) is the best  known 

p l a c e n t a l  gonadotrophin ,  s e c r e te d  by the syncit i o t r o p h o b I a s t  c e l l s  o f  

the p l a c e n t a .  The s t r u c t u r e  o f  hCG is ve ry  s i m i l a r  to  t h a t  o f  human 

LH, c o n s i s t in g  o f  two n o n - i d e n t i c a l  s u b u n i t s .  The f tsubunit  o f  hCG 

is unique among the gonadotrophins w i t h  an a d d i t i o n a l  30 amino ac id s  

a t  i t s  COOH-terminus ( B i r k e n  and C a n f i e l d ,  1978) .  Human p la c e n t a l  

t i s s u e  conta in s  n a t i v e  hCG as w e l l  as la rg e  q u a n t i t i e s  o f  f r e e  oc- 

s u b u n i t ,  but  i n s i g n i f i c a n t  q u a n t i t i e s  o f  hCGft ( V a i t u k a i t i s , 1974) .
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1 . 4 . 2  R eproduct ive  s t e r o i d  hormones

The s t e r o i d  hormones comprise a la rge  group o f  molecu les  a l l  

d e r iv e d  from a common steroid p r e c u r s o r ,  c h o l e s t e r o l  ( F i g .  1 . 4 ) ,  

which is synthes ised  from a c e t a t e  in many t i s s u e s  o f  the body.  

Removal o f  the hydroxyl  group a t  the C-3 p o s i t i o n  o f  c h o l e s t e r o l ,  

and re d u c t io n  o f  the double bond between C-5 and C- 6  conver ts  

c h o l e s t e r o l  in to  the f u l l y  s a t u r a t e d  compound, ch o le s ta n e ,  which is 

the p aren t  compound o f  a l l  C2 7  s t e r o i d s .  F is s i o n  occurs between C-  

20 and C-22 and leads to  the f o rm a t io n  o f  a la rge  group o f  compounds 

based on the parent  pregnane (C2 1 ) .  Bond f r a c t u r e  between C-17 and 

C-20 leads to  the fo rm at io n  o f  androstane ( C i ? ) ,  and f u r t h e r  f i s s i o n  

between C-10 and C-19  produces compounds o f  the o es t ran e  ( C i s )  

s e r i e s ,  a s t r u c t u r e  found in a l l  mammalian oestrogens  ( K e l l i e ,

1984) .

In te r c o n v e r s io n  from one c la s s  o f  s t e r o i d s  to  another  is  

undertaken by a s e r i e s  o f  enzymes ar ranged to g e th er  to  form a 

" b i o s y n t h e t i c  u n i t "  f o r  the s y n th e s is  o f  each s t e r o i d  (Johnson and 

E v e r i t t ,  1988) .  In the fe m a le ,  s t e r o i d  b io s y n t h e s is  occurs in a 

wide range o f  t i s s u e s  w i t h i n  the body in c lu d in g  the adren al  co r te x  

(Macdonald, Grodin and S i i t e r i ,  1971 ) ,  t h y r o i d  (Lyne and Gower,

1977) and b r a in  (Benagiano,  Mancuso, Mancuso, W iq v is t  and 

D i c z f a l u s y ,  1968) .  However, the l a r g e s t  c o n t r i b u t i o n  to  the t o t a l  

s t e r o i d  output  is  made by the o v a r ie s  in the non-pregnant  mammal (De 

Jongh, B a i rd  and Van der Molen,  1974) and,  in the pregnant  mammal, 

the o v a r ie s  and /or  the f o e t o - p I a c e n t a I  u n i t  ( D i c z f a l u s y ,  1964) .

1 . 4 . 2 . 1  B io sy n th es is  o f  s t e r o i d s  by the ovary

The general  b i o s y n t h e t i c  pathway o f  o v a r ia n  s t e r o i d s  is shown 

in F i g .  1 . 4 .  The b io s y n t h e s is  o f  s t e r o i d s  by the ovary  is  

pro found ly  in f lu en ced  by the c o n s t a n t l y  changing p o p u la t io n  o f  

c e l l s  in the process o f  f o l l i c u l a r  development,  o v u l a t i o n ,  corpus  

luteum fo rm at io n  and r e g r e s s i o n .  P i o n e e r in g  exper im ents  by Popjak  

and T i e t z  ( 1 9 5 4 )  suggested t h a t  g ranulosa  and theca c e l l s
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surrounding ova in hens were a c t i v e  in the  s y n th e s is  o f  c h o le s t e r o l  

f rom a c e t a t e ,  as conf irmed in the ovary  o f  many spec ies  in c lud in g  

the dog (Rab in o w i tz  and Dowben, 1955) ,  horse (Ryan and S h o r t ,  1966) ,  

cow ( H e l l i g  and Savard,  1966)  and human (Ryan and Smith,  1961) .  

I n t e r m e d ia t e s  in t h i s  s yn th es is  have been i d e n t i f i e d  as mevanolate,  

squalene and la n o s te ro l  (P o p jac k ,  1954; H e l l i g  and Savard,  1966) .

In o v a r ia n  t i s s u e ,  the s id e  chain  o f  c h o le s t e r o l  is removed by 

a s e r i e s  o f  th re e  enzymes, 2 0 a -h y d ro x y Ia s e ,  2 2 - h y d ro xy las e  and 20; 22 

desmolase,  to  form pregnenolone (Lynn,  S t a p le  and G u r in ,  1955; Ryan 

and Smith ,  1965) ,  v i a  the in t e rm e d ia t e s  o f  2 2 - h y d r o c h o le s t e r o l  and 

20^2 2 - d i h y d r o x y c h o I e s t e r o I . H a l l  and K o r i t z  ( 1 964 )  provided  

ev idence  f o r  the presence o f  t h i s  s e r i e s  o f  enzymes in the 

m ito ch o n d r ia  o f  bovine corpus luteum c e l l s ,  and the r o l e  o f  

m ito ch o n d r ia  as the s u b - c e l l u l a r  s i t e  o f  c leava ge  o f  the c h o le s t e r o l  

s id e  chain  was subsequent ly conf irmed in the r a t  ovary ( S u l im o v ic i  

and Boyd, 1967 ) .

Growing a n t r a l  and p r e o v u l a t o r y  f o l l i c l e s  w i t h i n  the ovary  

s e c r e t e  s t e r o i d s  in c lu d in g  p r o g e s t i n s ,  androgens and oestrogens.  In 

f o l l i c u l a r  t i s s u e  C - 1 7 ,2 0  lyase ( 1 7 a - h y d r o x y Ia s e )  enzymes may 

convert  pregnenolone to  17a-hydroxypregnenoI  one (Gower, 1984) by 

what has become to be known as the AS pathway.  A l t e r n a t i v e l y ,  3(5- 

oI-dehyd ro gen ase and isomerase enzymes co nver t  pregnenolone to  

progestero ne  which is in tu rn  converted to  17a -hydroxyprogestero ne  

by 17a -h y d ro xy Ias e  ( t h e  A* pathway) .  Both 17a-hydroxypregnenolone  

and 17a -hydroxyprogeste ro ne  a re  p rec urso rs  f o r  the androgens and 

oestrogens produced d ur in g  the  f o l l i c u l a r  phase o f  the re p r o d u c t iv e  

eye I e .

B io sy n th e s is  o f  oestrogens by the  p r e o v u l a t o r y  f o l l i c l e  

r e q u i r e s  the c o - o r d in a t e d  a c t i v i t y  o f  both granu lo sa  and theca  c e l l  

types in response to LH and FSH s t i m u l a t i o n  ( H i l l i e r ,  1985) .  

Androgens a re  produced by the ovary throughout the phase o f  a n t r a l  

growth in many spec ies (Moore, 1977; McN at ty ,  1982) .  The major  

s i t e  o f  androgen b io s y n t h e s i s  is  the theca i n t e r n a ,  where
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s te r o id o g e n e s is  is under the c o n t ro l  o f  LH (England,  Webb and 

Dahmer, 1981) .  LH a c ts  by re c e p to r  m e d ia t io n ,  v i a  i n t r a c e l l u l a r  

c y c l i c  AMP (Tsang, Armstrong and W h i t f i e l d ,  1980) ,  and s t i m u la t e s  

the s id e  chain c leavage  o f  17a-hydroxypregnenoI  one and 17a-  

hydroxyprogesterone by 17 ,20 desmolase enzymes (S avard ,  1968) to  

form dehydro epiandrosterone  and androstenedio ne  r e s p e c t i v e l y .

Granulosa c e l l s  a re  unable to de novo s y n the s ise  androgens 

bu t ,  as these c e l l s  mature in response to  FSH, they acquire the  

a b i l i t y  to  arom at is e  androgens to  oes trogens (F o r tu n e  and Armstrong,  

1978; D o r r ing to n  and Armstrong,  1979) .  A ro m a t is a t io n  occurs in the  

microsomal f r a c t i o n  o f  granulosa  c e l l s  and in vo lv es  the o x i d a t i o n  

and e l i m i n a t i o n  o f  C-19  to  form an u n s tab le  in t e r m e d ia t e  (A xe l ro d  

and G o l d z i e h e r ,  1962; Ryan and Smith ,  1965)  which then rear ran g es  

to g iv e  the a ro m at ic  A r i n g .  Androstenedione has been shown to be 

the s u b s t r a t e  most e f f e c t i v e l y  aromat ised  to  form o e s t r a d i o l - 1 7 3  

(Ryan and S h o r t ,  1965) ,  the major  f o l l i c u l a r  and c i r c u l a t i n g  

oestrogen.  The newly synthes ised  o e s t r a d i o I  -17 3  binds to re c e p to rs  

in the granulosa  t i s s u e  and promotes c e l l  p r o l i f e r a t i o n  (Goldenberg ,  

V a i t u k a i t i s  and Ross, 1972) and increased s e n s i t i v i t y  to  FSH which  

then r e s u l t s  in f u r t h e r  oest rogen pro d u ct io n  (R ic h ard s  and M id g le y ,  

1976; Carson, F i n d l a y ,  Burger and Trounson,  1979) .  In the  

p r e o v u la t o r y  f o l l i c l e ,  oes trogen b i o s y n t h e s is  is  thought to  be under 

the dual co n t ro l  o f  FSH and LH, and long- lo op  feedback on p i t u i t a r y  

gonadotrophin re l e a s e  is resp o n s ib le  f o r  c o - o r d i n a t i o n  o f  

b io s y n t h e s is  ( B o l t ,  K e l l y  and Hawk, 1971; Diekman and M a lv ern ,  

1973) .  O e s t r a d i o l - 1 7 3  is  re le a s e d  in to  the c i r c u l a t i o n  in g r e a t e s t  

amounts as the f o l l i c l e  completes i t s  l a t e  p r e o v u la t o r y  s tage o f  

development.  The d i r e c t  or  i n d i r e c t  measurement o f  in c rea s ing  

c o n c e n t ra t io n s  o f  o e s t r a d i o l - 1 7 3  in the blood is  thus a good 

i n d ic a t o r  o f  f o l l i c u l a r  development in the m a j o r i t y  o f  mammalian 

sp ec ie s .  The r i s i n g  p e r i p h e r a l  o e s t r a d i o l  l e v e l s  e v e n t u a l l y  

t r i g g e r s  the surge o f  LH from the a n t e r i o r  p i t u i t a r y ,  which  

r e s u l t s  in o v u l a t i o n  ( H o f f ,  Q u ig le y  and Yen,  1983) .



46

Granulosa c e l l s  may a ls o  s e c r e t e  progesterone  p r i o r  to  the  

p r e o v u l a t o r y  LH surge (Channing,  Tha n k i ,  L indsay  and L e d w i t z - R i g b y ,

1978) a l th o u g h ,  in  v i v o , the high l e v e l s  o f  o e s t r a d i o l - 1 7 0  in 

f o l l i c i u l a r  f l u i d  may he lp  to supress progesterone  s y n th e s is  in 

these c e l l s  by i n h i b i t i o n  o f  5 - e n e - 3 3 - h y d r o x y s t e r o i d  dehydrogenase  

a c t i v i t y  ( W i l l i a m s ,  Roth, Marsh and LeM a i re ,  1979) .  However,  

gonadotrophic  s t i m u l a t i o n  o f  g ranu lo sa  c e l l  m a tu r a t io n  in the  

p r e o v u l a t o r y  f o l l i c l e  r e s u l t s  in increased c h o l e s t e r o l  metabol ism  

and s t i m u l a t i o n  o f  p rogesterone  b i o s y n t h e t i c  processes (Henderson,  

Gorban and Boyd, 1981 and D o r r in g to n  and Armstrong,  1979 f o r  

r e v i e w ) .  The granulo sa  c e l l  is denied access to  c i r c u l a t i n g  

c h o le s t e r o l  u n t i l  f o l l i c l e  r u p t u r e  a t  o v u l a t i o n ,  and c h o l e s t e r o l  

d e r iv e d  from the uptake and metabol ism o f  lo w -d e n s i ty  l i p o p r o t e i n  is  

thought to be an impor tant  p recursor  f o r  s t e r o i d  s y n th e s is  a t  t h i s  

t ime (Gwynne and S t r a u s s ,  1982) .

A f t e r  o v u l a t i o n ,  granulosa  l u t e i n  c e l l s  a re  the major source  

o f  progestero ne (Hay and Moore, 1978) due to increased a c t i v i t y  o f  

AS-33 -o l  dehydrogenases and AS-isomerases ( o f t e n  c lassed as one 

enzyme 5 -en e -3 {J -h yd rox y s te ro id  dehydrogenase- isomerase)  (Cheatum and 

Warren,  1966) .  These enzymes a re  located  pre dom in ant ly  in the

microsomes (Davenport  and M a l l e t t e ,  1966 ) ,  c o n v e r t in g  pregnenolone  

to  p rogesterone .  Thus the measurement o f  p rogeste rone  d ur in g  the  

p o s t - o v u l a t o r y  p e r io d  in d ic a t e s  the f u n c t i o n a l  l i f e s p a n  o f  the

corpus luteum, i e .  the length  o f  the l u t e a l  phase o f  the o v a r ia n

c y c l e .  The t ime p e r io d  over which progesterone  pro d u ct io n  

in creases ,  in r e l a t i o n  to  o v u l a t i o n ,  v a r i e s  between sp e c ie s .

In most sp e c ie s ,  the increased p ro d u c t ion  o f  progestero ne  

i n h i b i t s  C -1 7 ,2 0  lyase a c t i v i t y  p r e v e n t i n g  the fo r m a t io n  o f  17a-  

hydroxypregnenolone (Beyer and Samuels,  1956)  and f u r t h e r  sy n th e s is  

o f  oest rogens w i t h i n  the l u t e i n i z e d  c e l l s .  High c i r c u l a t i n g  

progesterone  l e v e ls  a ls o  prev en t  the r e l e a s e  o f  LH and FSH from the  

p i t u i t a r y .  However, the human corpus luteum a l s o  s e c r e te s  as much, 

i f  not more o e s t r a d i o l  than the p r e o v u l a t o r y  f o l l i c l e  does d ur in g  

the f o l l i c u l a r  phase o f  the cy c le  ( B a i r d ,  1977) .  Due to the
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combined feedback a c t io n  o f  progesterone  and o e s t r a d i o l  on the  

h y p o t h a l a m i c - p i t u i t a r y  a x i s ,  FSH and LH l e v e l s  during  the human 

l u t e a l  phase a re  s u f f i c i e n t l y  supressed to  prevent  f o l l i c u l a r  

development to  the p r e o v u l a t o r y  s ta ge .  When the feedback e f f e c t  is 

withdrawn,  gonadotrophin dependant p r e - o v u l a t o r y  f o l l i c u l a r  

development can proceed ( C l a r k ,  D ie rs c h k e ,  M e l l e r  and W o l f ,  1979) .  

In spec ies  in which oes trogen  feedback from the corpus luteum is 

minimal  (eg .  the sheep) ,  gonadotrophin  l e v e l s  d ur in g  the lu t e a l  

phase remain adequate to  s u s t a in  f o l l i c u l a r  m a t u r a t io n  (McNat ty ,  

1982; B a i r d ,  1983) and the subsequent f o l l i c u l a r  phase is s h o r t e r .

1 . 4 . 2 . 3  S te ro id o g e n e s is  d ur in g  pregnancy

Progesterone and oestrogens a re  a ls o  the p r i n c i p a l  

re p r o d u c t iv e  s t e r o i d s  s ecre te d  in pregnancy,  the b i o s y n t h e t i c  

pathways being e s s e n t i a l l y  the same as descr ib ed  f o r  o v ar ian  

p r o d u c t io n .  However, th e re  a re  spec ie s  d i f f e r e n c e s  in the  

s t e r o id o g e n i c  p o t e n t i a l  o f  the t i s s u e s  invo lved  in pregnancy, i e .  

the e x t e n t  to  which the ovary and f e t o - p I a c e n t a I  u n i t  a re  involved  

in the p roduct io n  o f  s t e r o i d  hormones. In c e r t a i n  mammals the  

p la c e n t a  becomes the major  or so le  source o f  p ro ge s te ro n e ,  eg. the  

horse,  sheep, human and non-human pr im ates  (Heap, Per ry  and C h a l l i s ,

1973);  in o th e rs  the p la c e n t a  produces l i t t l e  or no p ro g e s te ro n e ,e g .  

the cow, goa t ,  r a b b i t  and sow (Heap e t .  a / . ,  1973) .  For the spec ies  

t h a t  f a l l  i n t o  the l a t t e r  c a te g o ry ,  l u t e a l  f u n c t i o n  in the maternal  

o v a r ie s  is  e s s e n t i a l  throughout g e s t a t i o n  as the corpus luteum 

cont in ues  to be the major  source o f  p ro g es te ro n e .

In those species  in which the p la c e n t a  is  r e s p o n s ib le  f o r  the  

s t e r o i d  p roduct io n  d ur in g  pregnancy,  the p e r f u s io n  o f  the p la c e n ta  

w i t h  3 H - l a b e l l e d  s t e r o i d s  in v i t r o  have shown t h a t  c h o l e s t e r o l  from  

the maternal  c i r c u l a t i o n  may be used to  sy n th e s is e  pregnenolone  

( J a f f e  and Pe terson ,  1966) .  Pregnenolone is r a p i d l y  converted to  

progesterone  by A5-3 fS-hydroxysteroid  dehydrogenase- isomerase enzymes 

in the t ro p h o b la s t  layer  o f  the human (Ferguson and C h r i s t i e ,  1967)
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and equine p la c e n ta  (A insworth  and Ryan, 1969; Flood and M ar ra b le ,  

1975) .

Progesterone passes in t o  the maternal  c i r c u l a t i o n  and is  

m etab o l ised  by the endometrium to  2 0 a -d ih yd ro p ro g es te ro n e  in humans 

( B i l l i a r ,  Rahman and L i t t l e ,  1978; Palmer,  B l a i r ,  Er iksson  and 

D i c z f a l u s y ,  1966) ,  r a t s  ( F l i n t  and Armstrong,  1973; Wichmann, 1967)  

and sheep (P a te rs o n ,  H a r r i s o n ,  S h e l d r i c k  and Heap, 1983 ) ,  or by the  

l i v e r  to form pregnanediol  ( S h o r t ,  1959)  which is  e x c r e te d  v i a  the  

u r i n e .  Progesterone reach in g  the f o e t a l  l i v e r  is converted  to  20a -  

d i hydroprogesterone  and pregnaned io l  ( G r e ig  and Macnaughton, 1967);  

the 20a -d ih yd rop ro g es te ro n e  can be conver ted back to progesterone  by 

the p la c e n t a  (Barnes,  N a t h a n i e l s z ,  Rossdale,  Comline and S i l v e r ,  

1975; Maeyama and Ikemoto,  1967) thus p ro v id i n g  a r e c y c l i n g  system.

This  system is o f  p a r t i c u l a r  importance as the f o e t a l  adrenal  

glands and gonads possess l i t t l e  or no 65 -3 {J -hydroxystero id  

dehydrogenase a c t i v i t y  and a re  t h e r e f o r e  unable to  produce  

progesterone  from pregnenolone (Hay and A l l e n ,  1975; Flood and 

M a r ra b le ,  1975) .  The m a t e r n a l - p l a c e n t a l  u n i t  is r e s p o n s ib le  f o r  the  

s e c r e t i o n  o f  la rge  amounts o f  both progesterone  and 20a -  

dih ydro progestero ne  in to  the materna l  c i r c u l a t i o n  o f  many spec ies  

(Solomon, B i r d ,  L in g ,  Iwamiya and Young, 1967) ,  in c lu d in g  the horse  

(Seren ,  Tamanin i ,  Gaian i  and Bono, 1981) ,  cow ( S c h n id e r ,  1989) and 

some non-human p r im ates  (W ad d e l l ,  Pepe and A l b r a c h t ,  1988) .  I n t e r 

conversion has a major  impact on t o t a l  p r o g e s t a t io n a l  a c t i v i t y  

(Waddel l and Bruce,  1989) and measurement o f  these s t e r o i d s  in 

maternal  blood is regarded as a good i n d i c a t o r  o f  normal pregnancy  

and f o e t a l  v i a b i l i t y .

As pregancy p rogresses ,  changes in f o e t a l  s t e r o id o g e n e s is  

occur.  However, th e re  a re  a l s o  spec ies  d i f f e r e n c e s  in the r o l e  o f  

the f o e t u s ,  as the enlargement o f  the f o e t a l  adrenal  glands is  

r esp o n s ib le  f o r  increased steroidogenes is  in the human (Crowder,  

1967) ,  w h i l s t  f o e t a l  gonads a re  o f  g r e a t e r  importance in the mare
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(G o n ia le z -A n g u lo ,  Hernandez-J6uregui  and M a r t i n e z - Z e d i l o ,  1975; Hay 

and A l l e n ,  1975) .

In the human and non-human p r im a te  ( C h a l l i s ,  D av ies ,  

B enirschke ,  Hendrickx  and Ryan, 1974 ) ,  the main r o l e  o f  the f o e tu s  

is  w i t h  regard  to oest rogen and not  progesterone  p r o d u c t io n .  In the  

f o e t a l  a d r e n a l s ,  ! 7 a - h y d r o x y l a s e , C - 1 7 , 2 0 - l y a s e  enzymes convert  

pregnenolone to  androgens such as dehydroepiandrosterone  (Vi  I l ee ,  

1969a; b)  which may be aromatised  by the p l a c e n t a  to  oes tr one  and 

o e s t r a d io l - 1 7 {J .  A l t e r n a t i v e l y ,  1 6 a - h y d r o x y l a t i o n  o f  the s t e r o i d s  in 

the f o e t a l  l i v e r ,  and a r o m a t i s a t io n  in the p la c e n t a  forms o e s t r i o l  

(Reynolds,  Mancuso, W iq v is t  and D i c z f a l u z y ,  1968) .  Oestrone and 

o e s t r a d i o l - 1 7 3  produced by the p la c e n t a  may a ls o  be m etab o l ised  in 

t h i s  way to form o e s t r i o l .

In the mare, d i f f e r e n t  methods o f  oest rogen  s y n th e s is  have

been suggested as c o n c e n t r a t io n s  o f  d i f f e r e n t  oes trogens change 

independent ly  throughout g e s t a t i o n  (Cox, 1975; Savard,  1961) .  

Although i t  is p o s s ib le  t h a t  the p ro d u c t io n  o f  oestrogens by the  

equine f o e t o - p I a c e n t a I  u n i t  is  e s s e n t i a l l y  s i m i l a r  to t h a t  o f  the  

human, the f o rm a t io n  o f  the pregnancy s p e c i f i c  u n sa tu ra te d  B r i n g  

s t e r o i d s  ( e q u i l i n  and e q u i l e n i n )  has posed problems f o r

i n v e s t i g a t o r s .  S t&rka and Breuer ( 1 9 6 6 )  proposed t h a t

dehydroepiandroste rone  is the p recursor  o f  both oestrone  and 

e q u i l i n ,  7a -hydroxy I  a t i o n  in the f o e t a l  l i v e r  producing  the

o b l i g a t o r y  in t e r m e d ia t e  f o r  e q u i l i n  s y n t h e s i s .  However, o ther  

workers (Bhavnani and Woo I e v e r ,  1978)  proposed a pathway of

s yn th es is  f o r  the B r i n g  u n sa tu ra ted  s t e r o i d s  in v o lv i n g  a break  in 

the chain o f  s y n th e s is  o f  c h o l e s t e r o l  f rom a c e t a t e .

1 . 4 . 3  Metabo l ism and e x c r e t i o n  o f  r e p r o d u c t i v e  s t e r o i d s

S t e r o i d  hormones a re  se c re te d  in t o  the p e r i p h e r a l  c i r c u l a t i o n ,  

where they a re  n e a r l y  a l l  bound to  plasma p r o t e i n s  (W iest  and 

K i d w e l l ,  1969) ,  b e fo re  reach ing  the t a r g e t  t i s s u e s .  S t e r o i d s  a re  

m etab o l ised  by many t i s s u e s  in c lu d in g  the gut  and s k i n ,  but  the
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major  s i t e  o f  metabol ism is the l i v e r .  The r a t e  a t  which a s t e r o i d  

is removed from the body is  r e f l e c t e d  in i t s  m e t a b o l i c  c learanc e  

r a t e  (B edford ,  H a r r is o n  and Heap, 1972) .  The m e t a b o l i c  c learan ce  

r a t e  f o r  the m a j o r i t y  o f  s t e r o i d s  is  r a p i d  and, a l though  some 

removal o f  s t e r o i d  from the p e r i p h e r a l  c i r c u l a t i o n  is  a f f e c t e d  by 

re c e p to r  b ind in g  a t  the t a r g e t  t i s s u e s ,  the b u lk  o f  s t e r o i d s  which  

e n t e r  the blood stream a re  removed by i n a c t i v a t i o n  and e x c r e t i o n  

from the body.

The s t r u c t u r a l  m o d i f i c a t i o n s  o f  the  s t e r o i d  hormones in the  

p e r i p h e r a l  t i s s u e s ,  and u l t i m a t e l y  in the l i v e r ,  a re  g e n e r a l l y  

regarded as p r e r e q u i s i t e s  f o r  t h e i r  b i o l o g i c a l  i n a c t i v a t i o n .  

S t e r o id s  a re  hydrophobic substances and the c a t a b o l i c  r e a c t io n s  both  

i n a c t i v a t e  the p h y s i o l o g i c a l l y  a c t i v e  s t e r o i d  hormones and render  

the molecules  h y d r o p h i l i c .  P e r i p h e r a l  metabol ism in vo lv es  main ly  

o x id a t i o n  and r e d u c t io n  o f  s t e r o i d  hormones. To make the c a t a b o l i c  

products o f  se c re te d  hormones even more w a t e r - s o l u b l e ,  the m a j o r i t y  

are  conjugated as g lu cu ro n id es  or s u lp h a t e s ,  b e fo re  being e xcre ted  

in to  the b i l e  or  u r i n e .

The b io s y n th e s is  o f  oes trogens by the ovary  and f o e t o -  

p l a c e n t a l  u n i t  r e s u l t s  in the fo r m a t io n  o f  o es t ro n e ,  o e s t ra d io l -1 7 (J  

and o e s t r i o l  (see F i g .  1 .5  f o r  s t r u c t u r e s ) .  These oest rogens a re  

c lo se  to the te rm in a l  end o f  the b i o s y n t h e t i c  pathway and a re  thus  

excre te d  w i t h o u t  major  m o d i f i c a t i o n  in p e r i p h e r a l  t i s s u e s .  Whereas 

t h i s  general  p r in c ip le  a p p l i e s  to  most mammals, i n t e n s iv e  s t u d ie s  in 

the cow have proposed f u r t h e r  i n t e r c o n v e r s io n  o f  oest rogens in 

p e r i p h e r a l  t i s s u e s  which may be a p p l i e d  to  o th e r  spec ie s  in the  

f u t u r e .  Most s i g n i f i c a n t l y ,  bov ine red blood c e l l s  a re  capable o f  

co n v e r t in g  o es t rad io l -17 fS  to  the s te r e o is o m e r ,  o e s t r a d i o l - 1 7 a  in 

v i t r o  (C h o i ,  Mostl  and Bamberg, 1989) and in v i vo  (Dobson and Dean,

1974) .  In a d d i t i o n ,  the  in t e r c o n v e r s i o n  o f  o e s t r a d io l -1 7 { J ,  

oestrad io l -17oc and oes trone  has been demonstrated in the p e r i p h e r a l  

t i s s u e s  o f  the cow ( A x e l ro d  and Werthessen,  1960) and o th e r  spec ies  

eg.  the dog ( S i e g e l ,  Dorfman, Brodey and Fr iedman,  1962) .  The
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conversion o f  small  amounts o f  c i r c u l a t i n g  oestrogens to the 

isomers o f  16-hydroxy oestrone  and 3-methoxy oestrone  has a ls o  

been suggested in the human (Ad I e r c r e u t z r M a r t i n ,  P u lk k in ene ,  

Denckar,  Rimer, Sjoberg  and Tekanen, 1976) .

In c o n t r a s t ,  the c a t a b o l i c  products  o f  progestero ne  may be 

formed in a number o f  ways and the major  t r a n s f o r m a t io n s  a re  shown 

in F i g .  1 .6  (see  F i g .  1 .7  f o r  compound s t r u c t u r e s ) .

F i r s t l y ,  re d u c t io n  a t  C -20 ,  by means o f  20 a -  and 20{J- 

h yd ro x y s te ro id  dehydrogenase,  r e s u l t s  in the fo rm a t io n  o f  perhaps

the most important  b i o l o g i c a l l y  a c t i v e  progesterone  m e t a b o l i t e s ,  the 

d ih y d ro p ro g e s te ro n e s , o f  which 20 a -d ih yd ro p ro g es te ro n e  (20a-DHP) is 

most common. I t  is i n t e r e s t i n g  to s p e c u la te  which organs convert  

progesterone to 20a-DHP. S tu d ies  in the rhesus monkey, have rep o r ted  

t h a t  a small  p r o p o r t io n  o f  t h i s  conversion can be accounted f o r  by 

metabol ism in the arm, head, rena l  and u t e r i n e  t i s s u e s  in v i vo  

( B i l l i a r ,  Takaoka,  Reddy, Hess, Longscope and L i t t l e ,  1981) and in 

the l i v e r  ( S h i r l e y  and Cooke, 1968) ,  k idney ( C h a t t e r t o n ,  C h a t t e r t o n  

and Heilman,  1969a) and mammary gland ( C h a t t e r t o n ,  C h a t t e r t o n  and 

Hei lman,  1969b) in v i t r o .  The e r y t h r o c y t e s  o f  the hyrax a ls o  have 

t h i s  p o t e n t i a l  (Heap, Gombe and S a l e ,  1975) .  However, e x te n s iv e  

in cubat io n  s t u d ie s  have concluded t h a t  the ovary  is  the major  s i t e  

f o r  the conversion o f  p rogeste rone  to 20a-DHP in many sp ec ies .

The s o lu b le  f r a c t i o n  o f  o v a r ia n  homogenates o f  r a t s  (W ie s t ,

1959) and r a b b i t s  (Davenport  and M a l l e t t e ,  1966) c o n ta in s  20a -  

h y d ro x y s te ro id  dehydrogenase a c t i v i t y .  The enzyme is  a c t i v e  in both

l u t e a l  ( N a i t o ,  Takahashi and Homma, 1986; In gamel ls  and Peddie,

1988) and f o l l i c u l a r  t i s s u e  (T ak ah ash i ,  Du leba,  Yuen and Moon, 1984)  

f rom the r a t ,  and f u n c t io n s  d ur ing  pregnancy in t h i s  spec ies  when 

the ovary may take up c i r c u l a t i n g  progesterone  and conver t  i t  to  

20a-d ih yd ro p ro gestero n e  (Bruce ,  Swann and Waddel l ,  1983).  

Conversion occurs in response to  gonadotrophic  s t i m u l a t i o n  (W ie s t ,  

K idw el l  and Kirschbaum, 1963) and is r e g u l a t e d  by progesterone  

c o n c e n t ra t io n s  w i t h i n  the ovary ( U i l e n b r o e k ,  1988) .  20a-DHP has



53

F ig u re  1 .6 .  P o s s ib le  pathways in the metabol ism o f  p ro ge s te ro n e .
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F ig u re  1 . 7 .  S t r u c t u r e  o f  the major  m e t a b o l i t e s  o f  progesterone .
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been shown to be an important  o v a r i a n  progestagen ,  not on ly  in the  

r a t ,  but  a ls o  in the mouse ( L o u t f i ,  Peron and Dorfman, 1962) ,  human 

( B i l l i a r ,  L in  and L i t t l e ,  19 7 3 ) ,  horse (van Rensburg and van 

N ie k e r k ,  1968) and q u a i l  (Ongabesan and Peddie ,  1988) .  However,  

spec ies  d i f f e r e n c e s  do e x i s t  as both the cow (Savard ,  Marsh and 

R ic e ,  1965) and the t r o u t  ( C a n a r io ,  S c o t t  and F l i n t ,  1989) ovary  

produce the s t e r e o - i  somer 20fS-d i h y d ro p ro g es te ro n e .

In some cases C-20 reduced progesterone  m e t a b o l i t e s  may 

themselves be the end products o f  progesterone  c a ta bo l is m ,  or may be 

f u r t h e r  reduced in the A r i n g  by means o f  4 - e n e - 5 a -  and 5 3 -  

reductases  to  form 5 a -  and 5 fS -pregnane-3 ,20 -d iones .  Reduct ion a t  C-  

3 by 3 a -  and 3{J-hydroxystero i d dehydrogenases r e s u l t s  in the  

fo rm a t io n  o f  some isomer ic  pregnanoI  ones . A f i n a l  r e d u c t io n  a t  C-3,  

C-20 and in the A r i n g  leads to  the fo rm a t io n  o f  the p r e g n a n e d io Is , 

most i m p o r ta n t ly  5 ( 5 - p r e g n a n e - 3 a , 2 0 a - d i o I , which have been shown to  

be q u a n t i t a t i v e l y  the most important  end products o f  progesterone  

metabol ism in most spec ies  (Gower, 1984) .

Although the fo rm a t io n  o f  p re gn a n ed io Is  is  the major ro u te  o f  

metabo l ism o f  p rogestero ne  in th e  m a j o r i t y  o f  spec ies ,  o th e r  minor  

c a t a b o l i c  pathways have been demonstrated in a v a r i e t y  o f  mammals. 

In the o v a r ia n  t i s s u e  o f  the bovine  (Solomon, Vande W ie le  and 

Liberman,  1956) and human (M i ro n ,  Hay, Johnston,  McKenna and McBain,  

1988) ,  p rogesterone  may be h y d ro xy la ted  in the 1 7 a - p o s i t i o n  to form 

17 a -h y d ro x y p ro g e s te ro n e . F u r th e r  t e t r a h y d r o - r e d u c t i o n  may a ls o  

occur which produces the C i p - 1 7 - o x o s t e r o i d s ,  androstero ne  and 

a c e t io c h o la n o lo n e .  A l t e r n a t i v e l y ,  r e d u c t io n  in the A r i n g  o f  17a-  

h yd ro xyp rog estero n e , a t  C-3 and C-20 produces a number o f  

p r e g n a n e t r i o l s ,  the most important  being  5 B - p r e g n a n e - 3 a , I 7 , 2 0 a - t r i o l  

(Burger and Sum merv i l le ,  1963; Samarajeewa and K e l l i e ,  1985) .

The human ovary can a ls o  h y d r o x y la t e  p rogesterone  in the 16a-  

p o s i t i o n  (Warren and S a lh a n ic k ,  1961) w i t h i n  the corpus luteum 

(Huang, 1967) .  I t  is thought t h a t  a s i m i l a r  h y d r o x y l a t i o n  occurs in
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the sow ovary to form the in t e r m e d ia t e  f o r  o ® s t r io l  b io s y n t h e s is  

(K a d is ,  1964) .

D esp i te  the d i f f e r e n c e s  in s i t e  and pathway o f  c a ta b o l is m  o f  

o v a r ia n  s t e r o i d s ,  m e t a b o l i t e s  a r e  u l t i m a t e l y  formed in the  

hep atocytes o f  the l i v e r .  In these c e l l s ,  the m a j o r i t y  o f  s t e r o i d s  

a re  conjugated w i t h  e i t h e r  g lu c u r o n ic  a c id  or  a s u lp h a te  molecu le  to  

render the s t e r o i d  m e t a b o l i t e  more water  s o lu b le  to a i d  e x c r e t i o n .  

The s t e reo ch e m is t ry  o f  the A r i n g  appears to  d i r e c t  the type o f  

co n jug a t io n  formed in the l i v e r .  N e u t ra l  s t e r o i d s  w i t h  3a -h yd ro x y -  

5fJ-pregnane s t r u c t u r e  a r e  p r e f e r e n t i a l l y  conjugated  w i t h  g lu c u r o n ic  

a c i d ,  whereas oest rogens may be co njugated  as e i t h e r  g lu cu ro n id es  or 

s u lp h a t e s .  The b io s y n t h e s is  o f  s t e r o i d  co n jugates  in v o lve s  t h r e e  

consecut ive  s tages ,  r e s u l t i n g  in the t r a n s f e r e n c e  o f  the conjugate  

r e s id u e  from a | n u c l e o t id e  source to  the s t e r o i d  accepto r

(D u t t o n ,  1966) .

From the hep a to cy tes ,  some m e t a b o l i t e s  r e t u r n  in to  the  

c i r c u l a t i o n  b e fo re  rena l  e x c r e t i o n  w h i l s t  o t h e r s  cross the membrane 

o f  the h e p a t i c  c a n a l i c u I i  to  be e x cre te d  in the b i l e .  Except  f o r  

the p o Iy h y d ro x y Ia te d  compounds, the m a j o r i t y  o f  the v a r io u s  s t e r o i d  

m e t a b o l i t e s  a re  e x cre te d  in t o  the u r i n e  e i t h e r  as the f r e e  s t e r o i d s  

or as c on jugates .  There is some p re f e r e n c e  f o r  the e x c r e t i o n  o f  

s t e r o i d  g lu cu ro n id es  in t o  the u r i n e .  The c le a r a n c e  r a t e  o f

g lu cu ro n id es  approximates to the g lo m eru la r  f i l t r a t i o n  r a t e  (GFR),  

whereas renal  c le a ra n c e  o f  s t e r o i d  s u lp h ates  is  on ly  10% o f  the GFR.

Faecal  e x c r e t i o n  o f  s t e r o i d  hormone m e t a b o l i t e s  is  less  

c l e a r l y  d e f in e d ,  and e a r l y  i n v e s t i g a t i o n s  o f  the b i l i a r y  e x c r e t i o n  

o f  s t e r o i d s  were h in dered  by complex exp er im en ta l  processes ,  eg.  

c a n n u la t io n  o f  the b i l e  d u c t .  However, the use o f  exogenously  

a d m in is t e r e d ,  r a d i o l a b e l l e d  hormones suggested an e n t e r o h e p a t ic  

c i r c u l a t i o n  o f  s t e r o i d s  (Howard, Robinson, Schmidt ,  McCord and 

Preedy,  1969) .  D e sp i te  the high c o n c e n t r a t io n s  o f  s t e r o i d s  in the  

b i l e ,  r e l a t i v e l y  low l e v e l s  were recovered in the f a e c e s .  Such 

s t u d ie s  a l s o  concluded t h a t  u r i n e  is  the major  ro u te  o f  e x c r e t i o n
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f o r  s t e r o i d  e l i m i n a t i o n  in the range o f  spec ies  i n v e s t i g a t e d ,  w i t h  

o nly  small  amounts o f  b i l i a r y  s t e r o i d s  remain ing in the i n t e s t i n e  

to be e xcre te d  in fa e c e s .

There appears to  be a p r e f e r e n c e  f o r  e x c r e t i o n  o f  double  

conju gates  such as o e s t r i o I - 3 - s u I p h a t e - 1 6 - g Iucuronide  (S tda  and 

S k u ls ta d ,  1972) and the N - a c e ty Ig Iu c o s a m in id e s  and s u l p h a t e - N -  

ac e ty Ig lu cosam in es  o f  p h e n o l ic  s t e r o i d s  ( J i r k u  and E v i t z ,  1969) in to  

the b i l e .  Progesterone  m e t a b o l i t e s  a re  a l s o  p resent  in b i l e  and 

p r e f e r e n t i a l  e x c r e t io n  o f  mono- and d i - s u l p h a t e  conjugates  o f  

p re g n a n e d io l ,  5o -pregnandione and pregnanolone has been suggested 

( L a a t i k a i n e n , 1970) .

D esp i te  the high p r o p o r t i o n  o f  s t e r o i d  conju gates  present  in 

b i l e ,  the s t e r o i d s  p resent  in faeces  a re  g e n e r a l l y  unconjugated and 

e x h i b i t  a h igher degree o f  s a t u r a t i o n .  B i l i a r y  s t e r o i d  conjugates  

are  hydro lysed in the i n t e s t i n e  where the s t e r o i d  moie ty  is  

sub jec ted  to h yd ro lase ,  dehydroxy lase ,  re ductase  and epimerase  

a c t i v i t y  o f  the i n t e s t i n a l  b a c t e r i a  (JSnne,  L a a t i k a i n e n  and V ihko,

1971) .  The caecum is probably  the major  s i t e  f o r  s t e r o i d  

t r a n s f o r m a t io n  ( K e l l y ,  de Leon, W in te r  and Bokkenheuser, 1977) .

S t e r o i d s  may be reabsorbed in the gut  to  undergo f u r t h e r  metabol ism  

in the i n t e s t i n a l  w a l l  ( H a r t i a l a ,  1973) or  in the l i v e r ,  and 

products may again  be exc re te d  in the b i l e  or  in u r i n e .

Of the s t e r o i d  hormones e x c re te d  in fa e c e s ,  unconjugated  

oestrogens predominate in the m a j o r i t y  o f  s p e c ie s ,  e s p e c i a l l y  dur in g  

pregnancy (Honour,  1984) .  The major  o es t rogens ,  i e .  o es t ro n e ,  

oestrad io l -17oc  and -1 70  and o e s t r i o l  have been i d e n t i f i e d  in faeces  

( A d l e r c r e u t z  and Jarvenpaa,  1982) ,  a long w i t h  the less common 

m e t a b o l i t e s ,  16<x- and 16(J-hydroxyoestrone and 3-methoxy oes trone  

( A d l e r c r e u t z  and M a r t i n ,  1 976 ) .  Progesterone m e t a b o l i t e s  have been 

i d e n t i f i e d  in faec es ,  in le ss er  p r o p o r t i o n s ,  m a in ly  as f r e e  s t e r o i d s  

a lthough  mono-sulphates a re  common (E r ik s s o n  and Gusta fsson,  1971) .
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1 .5  MEASUREMENT OF EXCRETED STEROID HORMONE METABOLITES

The e v a lu a t i o n  o f  e x c r e te d  hormones and t h e i r  m e t a b o l i t e s  is  

the most p r a c t i c a l  approach to  m o n i to r in g  o v a r ia n  f u n c t i o n  in many 

spec ies  (Hodges, 1986; 1990) .  U r in e  p ro v id e s  a medium f o r  the

a c c u r a t e ,  d e t e c t i o n  o f  f l u c t u a t i o n s  in c i r c u l a t i n g  s t e r o i d  and 

gonadotroph ic  hormones. Al though the metabol ism o f  gonadotrophins  

ch e m ic a l ly  a l t e r s  the s t r u c t u r e  o f  the hormone, the b i o a c t i v e  s i t e  

remains f u n c t i o n a l  and is e x c r e te d  in to  the u r i n e .  Furthermore ,  the  

f u n c t i o n a l  s i t e  is not spec ies  s p e c i f i c .  T h e r e f o r e ,  whereas the  

v a l i d a t i o n  o f  immunoassays developed f o r  the measurement o f  FSH and 

LH in serum is o f t e n  d i f f i c u l t  f o r  the m etab o l ise d  g ly c o p r o t e i n  

hormones in u r i n e ,  b i o l o g i c a l  assays may be a p p l i e d  f o r  the

measurement o f  " b i o a c t i v e "  gonadotrophins  in u r i n e .

One example o f  such a b i o l o g i c a l  assay was developed by Dufau,  

Mendelson and C a t t  ( 1 9 7 4 )  s p e c i f i c a l l y  f o r  the measurement o f  LH. 

Th is  in v i t r o  b ioassay  q u a n t i f i e d  the t e s t o s t e r o n e  pro d u ct io n  by 

d is persed  Leydig  c e l l s  in response to  a p p l i e d  LH in plasma,  and has 

now been adapted to measure u r i n a r y  LH in a wide range o f  pr im ates  

(A b b o t t ,  Hodges and George,  1988; Harlow,  Hearn and Hodges, 1984; 

Hodges, Czekala and L a s le y ,  1979) ,  but  has y e t  to  be v a l i d a t e d  f o r  

u ngula te  spec ies .  U r in a r y  FSH has a ls o  been measured by an in v i t r o  

granulosa  c e l l  aromatase b ioassay ( D a h l ,  Czeka la  and Hseuh, 1987a;

D ah l ,  J i a  and Hsueh, 1989) in a wide range o f  spec ies  in c lu d in g

g r e a t  apes ( D a h l ,  C z eka la ,  Lim and Hsueh, 1987) ,  ungu la tes  ( D a h l ,  

Czeka la  and Hsueh, 1987b) ,  the g i a n t  panda (M o n f o r t ,  D a h l ,  C zek a la ,  

Stevens,  Bush and W i l d t ,  1989) and k i l l e r  whale (W a lk e r ,  C o r n e l l ,  

Dahl ,  C zek a la ,  Dargen, Joseph, Hseuh and L a s le y ,  1988) .

McFarlane,  C abre ra ,  CouI son and Pap ko f f  ( 1 9 9 0 )  have shown t h a t  

rh in o cero s  p i t u i t a r y  hormones may be d e te c te d  by radioimmunoassay,  

and i t  has been suggested t h a t  i t  may be p o s s ib le  to  measure 

b i o a c t i v e  LH in rh in o c ero s  u r in e  (N .M.CzekaI  a ,  personal  

communicat ion) .  However, b i o l o g i c a l  assays a re  labour in t e n s i v e

and s u b je c t  to wide b i o l o g i c a l  v a r i a t i o n  as they deal w i t h  l i v i n g
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t i s s u e .  Although such methods can supply usefu l  in fo r m a t io n  in the  

i n v e s t i g a t i o n  o f  the hormonal c o n t ro l  o f  the oestrous  cy c le  in 

e x o t i c  spe c ies ,  i t  is  u n l i k e l y  t h a t  they w i l l  be used f o r  r o u t i n e  

m o n i t o r in g .  A p p l i c a t i o n  may be l i m i t e d  to  the d e t e c t i o n  o f  

pregnancy in spec ies  where p l a c e n t a l  or  c h o r i o n i c  gonadotrophins  

p la y  an important  r o l e  in g e s t a t i o n ,  eg. p r im ates  ( F i n d l a y ,  1980)  

and equine spec ies  (Roser and L o f s t e d t ,  1989 ) .  The development o f  

monoclonal a n t i b o d i e s  to d e t e c t  gonadotroph ins from d iv e rs e  

mammalian spec ies  may increase  the  v i a b i l i t y  o f  the measurement o f  

u r i n a r y  gonadotrophins ( M a t t e r i ,  Roser,  Ba ldwin ,  L ip o ve ts ky  and 

P a p k o f f ,  1987) ,  but  f o r  the p r e s e n t ,  u r i n a r y  s t e r o i d  a n a ly s is  

p rov id es  a more simple and c o s t - e f f e c t i v e  method o f  m o n i to r in g  

r e p ro d u c t iv e  f u n c t i o n  in the m a j o r i t y  o f  e x o t i c  sp e c ie s .

1 .5 .1  General  p r i n c i p l e s  o f  s t e r o i d  hormone a n a l y s i s

Perhaps the most important  p r a c t i c a l  c o n s i d e r a t i o n  in 

m o n i to r in g  excre te d  hormone m e t a b o l i t e s ,  is the ro u te  o f  e x c r e t i o n  

and molecu la r  s t r u c t u r e  o f  the c a t a b o l i c  p ro du cts .  Al though  

c i r c u l a t i n g  hormones m a in t a in  the same s t r u c t u r e  throughout taxa ,  

t h e i r  c a t a b o l i c  products may d i f f e r  c o n s id e r a b ly  in each spec ie s .  

As demonstrated in the p rev io u s  s e c t i o n ,  p rogeste rone  has an a r r a y  

o f  p o s s ib le  m e ta b o l ic  p rod u cts ,  and d i f f e r e n t  m o lecu la r  forms may be 

found even in c l o s e l y  r e l a t e d  sp e c ie s .  For example,  w i t h i n  the  

su bfam ily  o f  C e r c o p i th e c in a e ,  androsterone  has been i d e n t i f i e d  as 

the major progesterone  m e t a b o l i t e  in the u r i n e  o f  the p i g - t a i l e d  

macaque ( J e f f e r y ,  1966) and the rhesus macaque (L iskowsk i  and W olf ,

1972) ,  w h i l s t  the measurement o f  20o-DHP imm unoreact iv i ty  is  

necessary f o r  the c h a r a c t e r i z a t i o n  o f  the l u t e a l  phase o f  the  

o v a r ia n  c yc le  in the cynomolgus macaque ( M o n f o r t ,  Jayaraman,  

S h i d e l e r ,  Las ley  and H endr ic kx ,  1986)  and the l i o n - t a i l e d  macaque 

( S h i l d e l e r ,  M i t c h e l l ,  L indburg  and L a s le y ,  1985) w h i l e  PdG is  

probab ly  the most use fu l  pro gesterone  m e t a b o l i t e  f o r  the v e rv e t  

monkey (Andelman, E ls e ,  Hearn and Hodges, 1985) .  Oestrogens,

however,  a re  a t  the end o f  the m e t a b o l i c  pathway and the
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number o f  c a t a b o l i c  products a re  t h e r e f o r e  fewer and less v a r i a b l e  

between sp ec ies .

Knowledge o f  the metabol ism and e x c r e t i o n  o f  o v a r ia n  s t e r o i d s  

has been o b ta in e d  by i n v e s t i g a t i n g  the f a t e  o f  exogenously  

ad m in is te r e d  r a d i o l a b e l l e d  s t e r o i d s  in se v e ra l  spec ies  in c lu d in g  

p r i m a t e s ,  eg.  the baboon (G o ld z ie h e r  and A x e l ro d ,  1969) ,  c a r n iv o r e s ,  

eg.  the cat  (Shi  l i e ,  Wing, L as ley  and Banks, 1984) ,  domestic and 

e x o t i c  u n g u la te s ,  eg. the  cow ( I  v i e ,  C h r is t o p h e r ,  Munger and 

Coppock, 1986) and okapi ( L o s k u t o f f ,  Kasman, Raphael ,  O t t - J o s l i n  and 

L a s l e y ,  1987) .  O th er ,  more advanced techniq ues  such as g a s - l i q u i d  

chromatography (Tomosova, Gregorova and Horky, 1981) ,  high  

performance t h in  layer  chromatography (Heger and Neuber t ,  1987) ,  

n u c lea r  magnet ic  resonance and mass sp ectrometry  (H eger,  Hoyer and 

N eu b er t ,  1988) have a ls o  been a p p l i e d  to  i d e n t i f y  e xc re te d  s t e r o i d  

m e t a b o l i t e s .  Al though these procedures have the advantage over  

rad io metabol ism  s tu d ie s  o f  r e q u i r i n g  no c o n tac t  w i t h  the an im a l ,  

the s t e r o i d  from which the m e t a b o l i t e s  o r i g i n a t e d  cannot be 

d i r e c t l y  determined .

Having i d e n t i f i e d  the major  e x c r e te d  s t e r o i d  m e t a b o l i t e s ,  

p u r i f i c a t i o n  techn iques a re  r e q u i r e d  to  assess the r e l a t i v e  

abundance o f  i n d i v id u a l  m e t a b o l i t e s  and determine the most 

in f o r m a t i v e  measurement f o r  m o n i to r in g  r e p r o d u c t iv e  f u n c t i o n .  For 

example,  high performance l i q u i d  chromatography (HPLC) is  a powerful  

techn ique  which p rov ides  an e f f i c i e n t  system f o r  s t e r o i d  s e p a r a t io n  

and usefu l  method f o r  assay v a l i d a t i o n  ( L a s l e y ,  M o n fo r t ,  Hodges and 

C z ek a la ,  1981; L in  and Heftmann, 1981) .  The use o f  s o lv e n t  

e x t r a c t i o n  procedures enab les the p r o p o r t io n  o f  s t e r o i d s  e x c re te d  in 

the unconjugated and conjugated  forms to  be de te rm ined .  Sequent ia l  

enzyme h y d r o l y s i s  may then be used to  i d e n t i f y  the r e l a t i v e  amounts 

o f  each conjugate  p resent  (Hodges and Eastman, 1984) .  Such 

p u r i f i c a t i o n  techniques  a r e  e s s e n t ia l  f o r  the v a l i d a t i o n  o f  hormone 

measurement in each new spec ie s  s t u d ie d ,  f o r  a c c u r a te  and r e l i a b l e  

r e s u l t s  to be o b ta in e d .
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Care must be taken when s u b s t i t u t i n g  u r i n a r y  and fa e c a l  

measurements in p lace  o f  c i r c u l a t i n g  hormone c o n c e n t r a t i o n s .  

S t u d ie s  in the human have suggested t h a t  24 hour c o l l e c t i o n  o f  u r in e  

p ro v id e s  the c l o s e s t  c o r r e l a t i o n  w i t h  c i r c u l a t i n g  hormone l e v e l s  

( C o l l i n s ,  C o l l i n s ,  K i l p a t r i c k ,  Manning, P ik e  and T y l e r ,  1979) .  

However, prolonged p er io d s  o f  i s o l a t i o n  a r e  necessary and t h i s  is  

u n d e s i r a b l e  w i t h  many an im a ls ,  e s p e c i a l l y  in z o o lo g ic a l  c o l l e c t i o n s .  

O vern ig ht  or o p p o r t u n i s t i c  sample c o l l e c t i o n  is more a c c ep tab le  

a l th ou g h  t h i s  may r e s u l t  in d a i l y  v a r i a t i o n  in the water  content  o f  

the samples.  Thus the  wate r  conte nt  and v a r i a b l e  t ime o f  c o l l e c t i o n  

o f  the sample makes the q u a l i t y  u n p r e d ic t a b le  and compensat ion must 

be made by indexing the hormone c o n c e n t r a t io n  to  a marker e xcre ted  

in cons tant  d a i l y  amounts.

1 . 5 . 2  Faecal  a n a l y s i s

As a r e s u l t  o f  r a d i o l a b e l  metabol ism s t u d i e s ,  i t  has become 

obvious t h a t  s i g n i f i c a n t  amounts o f  s t e r o i d  m e t a b o l i t e s  a r e  ex cre te d  

i n to  the faeces  in a wide range o f  sp e c ie s .  For many mammalian 

sp e c ie s ,  faeces  may be the most importan t  r o u te  o f  s t e r o i d  e x c r e t io n  

and a n a l y s i s  o f  f a e c a l  s t e r o i d s  may p ro v id e  the  on ly  n o n - in v a s iv e  

method o f  m o n i to r in g  o v a r ia n  f u n c t i o n ,  eg. e x o t i c  f e l i d a e  (Shi  M e  e t  

a / . ,  1985; Hodges, 1990) .

E a r ly  s tu d ie s  on human faeces  ( A d l e r c r e u t z  e t  a l . ,  1976)

i n d i c a t e d  the importance o f  the  fa e c a l  ro u te  in the e x c r e t i o n  o f  

oestrogens .  A d le r c r e u t z  and JarvenpSS ( 1 9 8 2 )  developed methods f o r  

the q u a n t i f i c a t i o n  o f  fa e c a l  s t e r o i d s ,  and r e p o r t e d  the use o f  

f a e c a l  oest rogen a n a l y s i s  to  determine  r e p r o d u c t iv e  s t a t u s  in women. 

In the l a s t  3 - 5  years  t h e r e  has been a growing i n t e r e s t  in the  

a p p l i c a t i o n  o f  fa e c a l  s t e r o i d s  a n a l y s i s  to  moni tor  r e p r o d u c t iv e  

events  in domestic and e x o t i c  mammals.

The c o l l e c t i o n  o f  fae ces  from domestic and c a p t i v e  e x o t i c

spec ies  is  a s imple  procedure  r e q u i r i n g  no c o n ta c t  w i t h  the  an im a l ,

and the f e a s i b i l i t y  o f  s e q u e n t ia l  sample c o l l e c t i o n  from f r e e -
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ranging animals  has a ls o  been demonstrated (Wasser,  R i s l e r  and 

S t e i n e r ,  1988) .  However, the d i s t r i b u t i o n  o f  p a r t i c u l a t e  m a t te r  and 

s t e r o i d s  in faeces  is somewhat uneven and com pl ica ted  by changes in 

fae c a l  water  content  and r e t e n t i o n  t ime in the g u t .  These 

parameters a re  f u r t h e r  a f f e c t e d  in the w i l d  s i t u a t i o n  by wide  

v a r i a t i o n s  in d i e t a r y  f i b e r  in ta k e  ( M a r t i n ,  P e l to n e n ,  L a a t i k a i n e n ,  

Pulkk in en  and A d l e r c r e u t z ,  1975; G o ld in ,  A d l e r c r e u t z ,  Dwyer,  

Swenson, Warram and Gorbach, 1981 f o r  exam ples ) .  The a d m i n i s t r a t i o n  

o f  i n d i g e s t i b l e  markers (see  Grace and Body, 1981; Gosden and 

Mosel y ,  1984; Mayes, Lamb and Co I g rove ,  1986) and use o f  

I y o p h i I i z a t i o n  procedures enable c o r r e c t i o n s  to  be made f o r  v a r i a b l e  

sample q u a l i t y .  However the c o s t ,  coupled w i t h  the complex 

e x t r a c t i o n  techniques  r e q u i r e d  f o r  fa e c a l  a n a l y s i s ,  may i n h i b i t  the 

use o f  such methods in s i t u a t i o n s  where o th e r  m o n i to r in g  techniques  

may be employed.

D esp i te  the problems a s s o c ia te d  w i t h  fa e c a l  s t e r o i d  a n a l y s i s ,  

l e v e ls  o f  oestrogens and progestagens in faeces  have been shown to  

c o r r e l a t e  w e l l  w i t h  serum l e v e l s  d u r ing  o v a r ia n  cy c les  in some non

human p r im ates  in c a p t i v i t y  ( R i s l e r ,  Wasser and S a c k e t t ,  1987;  

Z i e g l e r ,  S h o l I , S c h e f f l e r ,  Haggerty and L a s le y ,  1989) .  Fur therm ore ,  

a p i l o t  study on fa e c a l  s t e r o i d  e x c r e t i o n  by w i l d  y e l lo w  baboons in 

Tanzania (Wasser e t  a l . ,  1988) re p o r te d  l e v e l s  o f  oes trogens and 

progesterone c o n s is t e n t  w i t h  da ta  o b ta in ed  in c a p t i v i t y  (Townsley,  

1974; A lb r e c h t  and Townsley, 1976) .  L im i t e d  da ta  suggest t h a t  

f a e c a l  oest rogen a n a l y s i s  may a l s o  be used f o r  d iagnos ing  pregnancy  

in endangered pr im ate  spec ie s  in the f u t u r e  (Bamberg, K ing,  Von 

Heg el ,  P a tz l  and Most I ,  1988; Wasser e t  a t . ,  1988) .

Faecal  e x c r e t i o n  o f  o v a r ia n  s t e r o i d s  in domestic ungu la tes  has 

been w e l l  documented, and techniques  have been a p p l i e d  to  c l o s e l y  

r e l a t e d  e x o t i c  spec ies .  The e x c r e t i o n  o f  p rogeste rone  in to  the 

f aeces  f o l l o w s  a c y c l i c a l  p a t t e r n  which c o r r e l a t e s  w e l l  w i t h  the  

t ime o f  oe s t ru s  in the cow and the muskox (Desau I i n e r s , G o f f ,  

B e t t r i d g e ,  Rowell and F lood,  1989) .  In a d d i t i o n ,  e l e v a t e d  l e v e l s  o f  

20oc-gestagens have been measured in the faece s  o f  domestic and
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e x o t i c  equids f o l l o w i n g  o es t ru s  (Schwarzenberger , Most I ,  Bamberg and 

Von Hege l ,  1988) .  Bamberg and Schwarzenberger ( 1 9 9 0 )  have r e c e n t l y  

shown an increase  in fa e c a l  20a-ges tagens d u r in g  the presumed lu te a l  

phase o f  the cy c le  in a b la c k  rh in o c e ro s ,  a l though  the procedure has 

y e t  to be f u l l y  v a l i d a t e d .

Faecal oes trogen a n a l y s i s  has a l s o  been used to  diagnose  

pregnancy in many ungu la te  spec ies .  The fa e c a l  oes trogen most 

a c c u r a t e l y  r e f l e c t i n g  the presence o f  a conceptus in c a t t l e  is  

o e s t r a d i o l - 1 7 a  (Most I ,  Choi ,  Wurm, Ismai l  and Bamberg, 1984) ,  w h i l s t  

a s i g n i f i c a n t  in crease  in the e x c r e t i o n  o f  o e s t r a d i o I  - 173 and 

oest rone  occurs a f t e r  120 days o f  g e s t a t i o n  in the mare (Bamberg,  

Choi ,  M o s t l ,  Wurm, L o r in  and A r b e i t e r ,  1984; Bamberg, M o s t l ,  Wurm 

and Choi ,  1986a) .  In the sow, the e x c r e t i o n  o f  oest rogens in to  the  

faeces  d ur in g  pregnancy r e f l e c t s  serum l e v e l s  so c l e a r l y ,  t h a t  a 

peak o f  o e s t r a d i o l - 1 7 3  in the p e r i p h e r a l  blood between days 20 and 

36 o f  g e s t a t i o n  (Robertson and King,  1979) may be d e te c te d  in the  

faeces  (Bamberg, Choi and H o is ,  1986b; Choi ,  K ie s e n h o fe r ,  Gantner,  

Hois and Bamberg, 1987) .

Safa r -Herma nn , I s m a i l ,  Choi ,  Most l  and Bamberg (198 7 )  

i n v e s t i g a t e d  the use o f  fa e c a l  oes trogen a n a l y s i s  f o r  pregnancy 

d iag n o s is  in e x o t i c  h e rb iv orous  s p e c ie s .  Pregnancy was re v e a le d  in 

f o u r  spec ies  o f  e x o t i c  u n g u la te  ( r e d  b u f f a l o ,  yak,  G re v y 's  zebra and 

nubian i b e x ) ,  w i t h  l e v e l s  ten t imes h igher  than in the non-pregnant  

female  or male an im a ls .  However, such e v a lu a t i o n s  can on ly  be used 

a f t e r  the f i r s t  t r i m e s t e r  o f  pregnancy and a re  not  a p p l i c a b l e  in a l l  

sp e c ie s ,  eg. the hippopotamus,  where l e v e l s  o f  f a e c a l  oestrogens  

were not  s i g n i f i c a n t l y  d i f f e r e n t  between pregnant  and non-pregnant  

an imals.

1 . 5 . 3  U r i n a r y  a n a l y s i s

For many y ears ,  q u a n t i f i c a t i o n  o f  s t e r o i d  hormone m e t a b o l i t e s  

in u r in e  has been regarded as a v a l u a b le  d i a g n o s t i c  t o o l ,  and crude  

chemical methods were developed f o r  t h i s  purpose (Brown, 1955;
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S t e r n ,  1957; P i c k e t t ,  K y r i a k i d e s ,  S te rn  and Som m erv i l l e ,  1959) .  

With  the advent  o f  s e n s i t i v e  radioimmunoassays f o r  c i r c u l a t i n g  

hormones, i t  became more common to  measure s t e r o i d s  in serum which  

gave a more accu ra te  r e f l e c t i o n  o f  r e p r o d u c t i v e  f u n c t i o n  than the  

d e te r m in a t io n  o f  u r i n a r y  hormone m e t a b o l i t e s .  However, i t  is now 

recognised t h a t ,  a l though u r i n a r y  s t e r o i d  m e t a b o l i t e  a n a l y s i s  w i l l  

never f u l l y  re p la c e  the d i r e c t  measurement o f  c i r c u l a t i n g  hormones, 

th e re  are  severa l  advantages to t h i s  procedure .  In most cases,  

u r i n a r y  hormone a n a l y s i s  p ro v id es  the most f e a s i b l e  and r e l i a b l e  

approach to  long- term  s t u d ie s  o f  r e p r o d u c t iv e  f u n c t io n  in e x o t i c  

spec ies  e i t h e r  in c a p t i v i t y  or in the w i l d .

L ik e  fa e c a l  sampling,  the c o l l e c t i o n  o f  u r i n e  is n o n - in v a s iv e  

r e q u i r i n g  no contact  w i t h  the a n im a l .  Al though the c o l l e c t i o n  o f  

faeces  is o f t e n  s im p le r  than the c o l l e c t i o n  o f  u r i n e ,  due to the  

n atu re  o f  the sample,  th e re  a re  examples o f  the a p p l i c a t i o n  o f  

u r i n a r y  s t e r o i d  a n a l y s i s  f o r  assessing re p r o d u c t i v e  f u n c t io n  in 

e x o t i c  spec ies in t h e i r  n a t u r a l  h a b i t a t  (P o o le ,  Kasman, Ramsay and 

L a s le y ,  1984; Andelman e t  a l . ,  1985; B r e t t  e t  a l . ,  1988; 

K i r k p a t r i c k ,  Kasman, Las ley  and T u rn e r ,  1988; Chaudhuri and 

Ginsberg,  1990) .

O p p o r t u n is t i c  c o l l e c t i o n  o f t e n  r e s u l t s  in a s i n g l e  u r in e  

sample o f  u n p r e d ic t a b le  q u a l i t y .  However, u n l i k e  in fae ces ,  a 

n a t u ra l  marker may be used to  make ad justments  to compensate f o r  

v a r i a t i o n s  in f l u i d  in ta k e  and o u tp u t ,  and f o r  v a r i a b l e  p er io d s  o f  

c o l l e c t i o n .  The m arker,  c r e a t i n i n e ,  is formed as a by -product  o f  

am in o-ac id  metbol ism in the body, and is  e x c re te d  in r e l a t i v e l y  

constant  amounts per  day ( P a t e r s o n ,  1967; P i e r r o  and Johnson, 

1970) .  C r e a t i n i n e  may be measured in the u r i n e  by a simple  

c o I o j f r i m e t r i c  r e a c t i o n  (Taussky,  1954; Brand, 1981) to  p ro v id e  an 

index f o r  hormone c o n c e n t ra t io n s  which c o r r e l a t e  w e l l  w i t h  24 hour 

e x c r e t i o n  r a t e s  ( M e t c a l f  and Hunt,  1976) .

Many o f  the advances in the f i e l d  o f  u r i n a r y  s t e r o i d  a n a l y s i s  

have stemmed from s t u d ie s  on p r im a te s .  I n i t i a l l y ,  the a p p l i c a t i o n
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o f  t h i s  method was based on the n o n - s p e c i f i c  measurement o f  t o t a l  

immunoreact ive oestrogens.  As the m a j o r i t y  o f  oest rogens presen t  

in the u r in e  a re  con jugated to  a g lu cu ro n id e  or  s u lp h a te  molecu le ,  

t h i s  procedure r e q u i r e d  h y d r o l y s is  o f  the co n jugates  (by enzymes or  

chemical means, i e .  s o l v o l y s i s )  and s o lv e n t  e x t r a c t i o n  o f  u r in e  

p r i o r  to  assay .  Tota l  u r i n a r y  oest rogen a n a l y s i s  was s u c c e s s f u l l y  

used to moni tor  o v a r ia n  f u n c t i o n  in many o ld  and new wor ld  monkeys 

and Great  apes (Hodges, e t  a / . ,  1979; L as ley  e t  a / . ,  1981; L a s le y ,  

1985) .  Although t h i s  measurement has been found to  r e f l e c t  general  

oestrogen e x c r e t i o n  in many p r im a te s ,  i t  does not  r e f l e c t  the  

d i f f e r e n c e s  in o e s t r o g e n ic  components between samples and between 

spec i e s .

The measurement o f  in d i v i d u a l  oes trogen m e t a b o l i t e s ,  

i d e n t i f i e d  by a combinat ion o f  HPLC and the  t o t a l  oes trogen assay,  

may p rov id e  more s p e c i f i c  in fo rm a t io n  on o v a r ia n  ev e n ts .  Th is  

procedure,  used in co n ju n c t io n  w i t h  s e q u e n t ia l  h y d r o l y s i s ,  has been 

used to i d e n t i f y  conjugated  oes trone  as the major u r i n a r y  oestrogen  

m e t a b o l i t e  d ur in g  the o v a r ia n  c y c le  o f  most p r im ate  spec ies  (Hodges 

et  a l . ,  1979) ,  a l though spec ies  d i f f e r e n c e s  in oestrogen metabol ism  

have been demonstrated.  For example, o e s t r a d i o I -1 7 3  may be excre te d  

in to  the u r i n e  as in the G o e l d i ' s  monkey ( C h r i s t e n ,  D o b e l i ,  Kempken, 

Zachmann and M a r t i n ,  1989) ,  p i e d - b a r e f a c e d  tamarin  (H e is te rm an n , 

Prove,  W o l te rs  and Mika ,  1987) and common marmoset (Eastman,  

M a k a w i t i ,  C o l l i n s  and Hodges, 1984) ,  or  c i r c u l a t i n g  o e s t r a d i o I -173  

may be m etabo l ised  to i t s  ep imer ,  o e s t r a d i o l - 1 7 a  as in the r u f f e d  

lemur ( S h i d e l e r ,  C zeka la ,  Benirschke and L a s l e y ,  1983) .

One a rea  in which u r i n a r y  hormone measurement has been g r e a t l y  

s i m p l i f i e d  is  in the development o f  d i r e c t ,  n o n - e x t r a c t i o n  assays 

f o r  s t e r o i d  conjugates  (e g .  Samarajeewa, C o o l ie  and K e l l i e ,  1979) .  

D i r e c t  immunoassay o f  s t e r o i d  co njugates  a vo id s  both the h y d r o l y s is  

and subsequent e x t r a c t i o n  and p u r i f i c a t i o n  procedures which a re  

expensive  and lab o r io u s .  T h e r e f o re  d i r e c t  assays o f f e r  a much more 

p r a c t i c a l  and simple  approach to  r o u t i n e  u r i n a r y  a n a l y s i s  than was 

p r e v i o u s l y  a v a i l a b l e .  Fur th ermore ,  by a v o id in g  the h y d r o l y s is  step
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a more r e p r e s e n t a t i v e  and i n f o r m a t iv e  p r o f i l e  can sometimes be 

o b t a in e d ,  as h y d r o ly s is  has been shown to  be i n e f f i c i e n t  in c le a v in g  

c e r t a i n  conjugates  ( S h i d e l e r  e t  a l . ,  1983; Eastman e t  a l . ,  1984) .  

However, when m o n i to r in g  re p r o d u c t i v e  f u n c t i o n  by d i r e c t  assay,  i t  

is  p a r t i c u l a r l y  impor tant  to  determine the n a tu re  and r e l a t i v e  

abundance o f  i n d i v id u a l  con ju gates  in the u r i n e  f o r  each new spec ies  

stud i ed.

Conjugated oes t rone  has been i d e n t i f i e d  as the major  oest rogen  

in the u r in e  o f  most spec ies  o f  p r im ates  ( L a s le y  e t  a l . ,  1981) and 

u n gula tes  ( L o s k u t o f f  e t  a l . ,  1983) .  Conjugated oestrone  is commonly 

e x c r e te d  in two forms,  o e s t r o n e - 3 - s u Ip h ate  or  oes t rone  - 3 -  

g lu c u ro n id e .  An assay u t i l i s i n g  an a n t i  serum t h a t  cross r e a c t s  w i t h  

both conjugates has prov ided  v a l u a b le  in fo r m a t io n  on the t im in g  o f  

o v u l a t i o n ,  im p la n ta t io n  and e a r l y  pregnancy in many spec ies o f  

p r im a t e ,  eg.  the baboon (Hodges, T a r a r a ,  Hearn and E l s e ,  1986) ,  

g o r i l l a  (C z e k a la ,  M i t c h e l l  and L a s le y ,  1986) and mangaby ( C a l l e ,  

Chaudhuri and Bowen, 1990) ,  and has a ls o  been a p p l i e d  to assess 

r e p r o d u c t i v e  f u n c t i o n  in a v a r i e t y  o f  e x o t i c  u n g u la te s ,  eg. the  

t a p i r  (Kasman, McCowan and L a s l e y ,  1985) and zebra  (C z e k a l a ,  Kasman, 

A l l e n  and L a s le y ,  1990) .

P a t t e r n s  o f  o es t ro n e  con ju gate  e x c r e t i o n  alone  a re  

i n s u f f i c i e n t  to p ro v id e  r e l i a b l e  in fo rm a t io n  on o v a r ia n  f u n c t i o n  and 

d ata  a re  o f t e n  combined w i t h  measurements o f  u r i n a r y  progesterone  

m e t a b o l i t e s ,  m ain ly  in the form o f  p r e g n a n e d i o I - 3 - g Iu c u r o n i d e  (PdG).  

U r i n a r y  PdG has been used to  monitor  r e p r o d u c t iv e  events  in a 

d i v e r s e  range o f  spec ies  in c lu d in g  the g o r i l l a  ( M i t c h e l l ,  P r e s l e y ,  

Czeka la  and L a s le y ,  1982) ,  v e r v e / t  monkey (Andelman e t  a l . ,  1985) ,  

g i a n t  panda (Hodges, Bevan, Celma, Hearn,  Jones,  Kleiman ,  Knight  and 

Moore, 1984; Chaudhuri ,  Kleiman ,  W i l d t ,  Bush, Frank and Thau,  

1988) ,  blackbuck ( H o l t ,  Moore, N o r th ,  Hartman and Hodges, 1988) ,  

suni ( L o s k u t o f f ,  Raphael ,  Nemec, W o l fe ,  Howard and Kraemer,  1990) ,  

e l d ' s  deer ( M o n fo r t ,  Wemmer, K e p le r ,  Bush, Brown and W i l d t ,  1990) ,  

okapi and g i r a f f e  ( L o s k u t o f f ,  O t t - J o s l i n  and L a s le y ,  1982; 

L o s k u t o f f ,  W alk er ,  O t t - J o s l i n ,  Raphael and L a s l e y ,  1986) .  However,
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o th er  C21  s t e r o i d s  such as progesterone  and 20a-DHP have been shown 

to a c c u r a t e l y  r e f l e c t  lu t e a l  f u n c t i o n  in o th e r  sp e c ie s ,  eg. G o e l d i ' s  

monkey ( C a r r o l l ,  A b bo t t ,  George, H in d le  and M a r t i n ,  1990) and horse  

( K i r k p a t r i c k ,  Las ley  and S h i d e l e r ,  1990) r e s p e c t i v e l y .

W i t h in  the rh ino c ero s  spec ies  the  a p p l i c a t i o n  o f  the we l l  

e s t a b l i s h e d  assays f o r  PdG and oes trone  conju gates  has met w i t h  

d i f f e r i n g  degrees o f  success.  The measurement o f  u r i n a r y  PdG and 

oestrone con ju gates ,  in the form o f  oes t rone  s u l p h a t e ,  has provided  

v a lu a b l e  in fo rm at io n  on the o v a r ia n  c y c le  and pregnancy in the  

In dian  rh in o cero s  (Kassam and L a s l e y ,  1981; Czekala., G a l lu s s e r ,  

Meier  and L a s le y ,  1986; Kasman, Ramsay and L a s l e y ,  1986; Hodges 

and Green,  1989) .  The p r o f i l e  o f  con jugated  oes trone  and PdG 

e x c r e t io n  dur ing  the oes trous  c y c le  o f  the In d ia n  r h in o ce ro s  is  

shown in F i g .  1 .8 .  The data  a re  d e r iv e d  from a study by Kasman et  

a l .  (1 986 )  and c l e a r l y  show a marked in crease  in con jugated o e t ro n e ,  

in t h i s  case oes trone s u l p h a t e ,  to  reach peak l e v e l s  o f  100 pg/mgCr 

a t  the presumed t ime o f  o v u l a t i o n .  E le v a te d  l e v e l s  o f  PdG ( g r e a t e r  

than 100 ng/mgCr) f o l lo w e d  the peak o f  con jugated  oes t ro n e ,  

c h a r a c t e r i z i n g  the l u t e a l  or p o s t - o v u l a t o r y  p e r io d .  However,

Ramsay et  a l .  (1987 )  re p o r te d  u n d e t e c t a b le  l e v e l s  o f  PdG in

s eq u en t ia l  u r in e  samples c o l l e c t e d  from female  b la c k  rh in ocero ses

dur ing  oestrcus c y c le s .  Oest rone co n jugates  were d e t e c t a b l e  in the  

u r i n e ,  but  the p a t t e r n  o f  e x c r e t i o n  showed no c o r r e l a t i o n  w i t h  

re p r o d u c t iv e  even ts .  There a re  no r e p o r t s  o f  s i m i l a r  s t u d ie s  in the  

w h i te  r h in o c e r o s .

In c o n t r a s t  to  the s i t u a t i o n  dur in g  the o v a r ia n  c y c le ,  Ramsay 

e t  a l .  (198 7 )  r e p o r te d  the measurement o f  PdG im m unoreac t iv i ty  in

u r in e  c o l l e c t e d  a f t e r  m i d - g e s t a t i o n  in the b lac k  rh in o c e ro s .

E leva ted  l e v e ls  o f  PdG im m unoreac t iv i ty  du r ing  m i d - t o  l a t e  g e s t a t i o n  

in t h i s  species  were l a t e r  conf irmed by Hodges and Green ( 1 9 9 0 ) ,  who 

a ls o  prov ided data  to  show a s i m i l a r  p a t t e r n  o f  PdG e x c r e t i o n  dur in g  

the l a s t  t r i m e s t e r  o f  pregnancy in a w h i t e  r h in o c e r o s .  In both the  

In d ia n  and A f r i c a n  s p ec ies ,  a p r e c i p i t o u s  f a l l  in the l e v e l s  o f  

u r i n a r y  immunoreact ive PdG were seen a t  the t ime o f  p a r t u r i t i o n  or
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F ig u re  1 .8 .  P r o f i l e  o f  con jugated  oes trone  and immunoreact ive PdG 

e x c r e t io n  dur ing  the oes trous  c y c le  in the In d ian  r h in o c e r o s .  A l l  

va lu es  (meanisem, taken from two success ive  cyc les  in f i v e  

i n d i v i d u a l s )  a re  a l i g n e d  to  the day o f  the f a l l  in conjugated  

o e s t ro n e .  Data adapted from Kasman e t  a / .  ( 1 9 8 6 ) .

U r i n a r y  pregnanedio I -3oc -g Iucuronide (PdG) and oes trone  s u lp h a te  (ES)  

c o n c e n t ra t io n s  are indexed to c r e a t i n i n e  ( C r ) .
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a b o r t i o n .  Al though t h e re  was much v a r i a t i o n  between the l e v e l s  o f  

PdG in the u r i n e  o f  d i f f e r e n t  i n d i v i d u a l s  a t  the same stage o f  

g e s t a t i o n  (Ramsay e t  a / . ,  1987) ,  e l e v a t e d  l e v e l s  o f  PdG

im munoreact iv i ty  above those measured d u r in g  the o v a r ia n  c y c le  would 

appear to i n d i c a t e  the presence o f  a conceptus in a l l  t h r e e  spec ies  

o f  r h in o c e r o s .  To d a te  t h i s  is  the  o n ly  u s e fu l  d a ta  a v a i l a b l e  on 

the  r e p r o d u c t iv e  end o cr in o lo g y  o f  the  A f r i c a n  sp ec ies  o f  rh in o c e ro s .

1 . 5 . 4  Assay methods

The q u a n t i t a t i v e  d e t e r m in a t io n  o f  s t e r o i d s  is  d i f f i c u l t  as 

t h e i r  s t r u c t u r e s  a re  c l o s e l y  s i m i l a r ,  c o n t a i n in g  few f u n c t io n a l  

groups,  and they a re  g e n e r a l l y  present  in low c o n c e n t r a t io n s  in 

body f l u i d s .  However, in the 1960s, the development o f  s e n s i t i v e  

radioimmunoassay methods made p o s s ib le  the d i r e c t  q u a n t i f i c a t i o n  o f  

low l e v e l s  o f  hormone in the c i r c u l a t i o n  to  moni tor  s p e c i f i c  

p h y s io lo g i c a l  processes .  Such assays may a l s o  be a p p l i e d  to  the  

q u a n t i t a t i o n  o f  s t e r o i d s  in the u r in e  and f a e c e s .  Radioimmunoassay 

techniques  a re  r e l a t i v e l y  s im ple ,  robust  and s p e c i f i c ,  and the  

p r i n c i p l e  o f  radioimmunoassay is s t r a i g h t f o r w a r d  (Hunter  and C o r r i e ,  

1983) .  The assay is  based on the co m p et i t io n  between r a d i o a c t i v e I y  

l a b e l l e d  and u n l a b e l l e d  hormone f o r  a f i x e d ,  but  l i m i t i n g ,  number o f  

b in d in g  s i t e s  on an t ib o d y  mole cu les .  R a d i o a c t i v e I y  l a b e l l e d  hormone 

is  added in excess to  a l l  assay tubes and,  as the c o n c e n t r a t io n  o f  

unlabel  led hormone in creases ,  more label  w i l l  be d is p la c e d  from the  

bound f r a c t i o n .  Using standards  o f  known c o n c e n t r a t i o n ,  the b in d in g  

o f  label  a t  each p o in t  may be determined  and a c a l i b r a t i o n  curve  

(s ta n d a r d  curve )  c o n s t r u c te d .  Hormone c o n c e n t ra t io n s  from

b i o l o g i c a l  t e s t  samples a re  o b ta in e d  from the curve by 

i n te rp o I  a t  i o n .

The s i m p l i f i c a t i o n  o f  hormone assay techniques has become o f  

g r e a t  importance to min imise costs  and f a c i l i t a t e  w id er  p r a c t i c a l  

a p p l i c a t i o n .  Th is  is e s p e c i a l l y  important  when d e a l i n g  w i t h  e x o t i c  

spec ies  i f  the assays a re  to be used f o r  r o u t i n e  m o n i to r in g  o f  

r e p ro d u c t iv e  events in z o o lo g ic a l  c o l l e c t i o n s ,  where e x p e r t i s e  and
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t ime f o r  complicated  e x t r a c t i o n  and p u r i f i c a t i o n  procedures  is  

l i m i t e d .  Fur therm ore ,  i f  the assays a r e  to  be a p p l i e d  to  

r e p r o d u c t iv e  assessment in the f i e l d ,  they must be as s imple  and 

robust  as p o s s ib l e .

The development o f  d i r e c t ,  n o n - e x t r a c t i o n  assays f o r  u r i n a r y  

s t e r o i d  co njugates  is  one a rea  in which hormone measurement has been 

g r e a t l y  s i m p l i f i e d .  D i r e c t  immunoassay avo id s  the enzyme h y d r o ly s i s  

o f  s t e r o i d  conju gates  and the f o l l o w i n g  e x t r a c t i o n  and p u r i f i c a t i o n  

procedures,  a l l  o f  which a re  i n e f f i c i e n t ,  l ab o r io u s  and expensive .  

D i r e c t  assays p rov ide  a p r a c t i c a l  and s imple approach to  r o u t i n e  

u r i n a r y  a n a l y s i s ,  and can p ro v id e  g r e a t e r  r e s o l u t i o n  in measurement  

and genera te  a more in f o r m a t iv e  hormone p r o f i l e  as demonstrated in 

the l i o n - t a i l e d  macaque ( S h i d e l e r ,  C z e k a la ,  Kasman, Lindburg  and 

L a s le y ,  1983) .

Although the a p p l i c a t i o n  o f  radioimmunoassays has prov ided the  

b a s is  f o r  the c u r r e n t  concepts in r e p r o d u c t i v e  end o c r in o lo g y ,  the  

use o f  ra d io is o t o p e s  in t roduces  a number o f  d isad van tag es .  F i r s t l y ,  

t h e r e  is the quoted hazard  to h e a l t h .  Radioimmunoassays a re  a ls o  

expensive  to per form,  r e q u i r i n g  s o p h i s t i c a t e d  en d -p o in t  a n a l y s i s  and 

u t i l i z i n g  ra d i o i s o t o p e s  w i t h  a r e l a t i v e l y  s h or t  s h e l f - l i f e .  

T h i r d l y ,  radioimmunoassay procedures a re  lab o r iou s  to  per form and 

r e l a t i v e l y  long count ing  t imes a re  r e q u i r e d .  F i n a l l y ,  r a d io is o t o p e s  

tend to complica te  a t tem p ts  to automate immunoassay.

The development o f  enzyme immunoassays CEIAs) f o r

r e p r o d u c t iv e  s t e r o i d s  o f f e r s  an a t t r a c t i v e  a l t e r n a t i v e  to  

convent iona l  assays using  r a d i o i s o t o p e s .  EIA systems o p e ra te  on the  

same p r i n c i p l e  as radioimmunoassay, a l th o u g h  the label  in the assay  

is an enzyme label  r a t h e r  than a r a d io  label  led hormone. Once a g a in ,  

l a b e l l e d  and un labe l  led hormone compete f o r  a l i m i t e d  number 

o f  b in d in g  s i t e s  on a n t ib od y  m olecu les .  As the c o n c e n t ra t io n  o f  

u n l a b e l l e d  hormone inc reas e s ,  more enzyme —label  led hormone w i l l  be 

d is p la c e d  from the bound f r a c t i o n .  Once an e q u i l i b r i u m  has been 

reached,  the amount o f  bound enzyme label  is determined by the
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a d d i t i o n  o f  enzyme s u b s t r a t e  r e s u l t i n g  in a measurable end p o i n t ,  

u s u a l l y  a co lour r e a c t i o n .  Such assay methods were i n i t i a l l y

developed f o r  use in the human (eg .  Joyce,  W i ls o n ,  Read and R ia d -  

Fahmy, 1978 ) ,  and o f f e r  severa l  advantages over radioimmunoassay.  

F i r s t l y ,  EIAs a re  sa fe  to  per form  in n o n - l i c e n s e d  l a b o r a t o r i e s .  The 

procedures a re  r e l a t i v e l y  simple and the assays s u f f i c i e n t l y  robust  

to  be performed in the f i e l d  and in s m a l l ,  non-ski  I led 

e s ta b l is h m e n ts .  Furthermore ,  the cost  o f  EIAs is  lower than t h a t  o f  

radioimmunoassays, a l though the e f f i c i e n c y  and s e n s i t i v i t y  are o f t e n  

enhanced. Expensive a n t i b o d i e s  may o f t e n  be used a t  much h igher  

d i l u t i o n s  than in radioimmunoassays and the e n d - p o in t  is easy to  

determine w i th o u t  the need f o r  s o p h i s t i c a t e d  equipment.  The end

p o in t  is a ls o  formed over a r e l a t i v e l y  s h o r t  p e r io d  o f  t ime a l lo w in g  

r a p id  processing o f  r e s u l t s .

The development o f  r a p i d  and s e n s i t i v e  s o l i d  phase assays  

using m i c r o t i t r e  p l a t e s  (e g .  Sauer e t  a l . ,  1986) has f u r t h e r  

s i m p l i f i e d  the assay procedure to  g iv e  r e s u l t s  t h a t  compare 

f a v o u r a b ly  w i t h  those o b ta in ed  by RIA.  Such assays a re  now 

a v a i l a b l e  to measure a v a r i e t y  o f  unconjugated s t e r o i d s  in u r in e  and 

fa e c e s ,  in c lu d in g  o e s t r a d i o I -170  ( M a u re l ,  Labrousse,  Terqui  and 

Avrameas, 1987) and o e s t r a d i o l - 1 7a (Most l  e t  a l ,  1984) in u r in e  and 

f a e c e s .

R ec en t ly ,  s i m p l i f i c a t i o n  o f  assay techniques by a combinat ion  

o f  the d i r e c t  measurement o f  u r i n a r y  s t e r o i d  co n jugates  by E1A on 

m i c r o t i t r e  p l a t e s  has produced s e n s i t i v e  and economical assays f o r  

oestrone  c o n j u g a t e s ^ ( C z e k a l a ,  e t  a l . ,  1986)  and PdG (Hodges and 

Green, 1989; Mitsuma, Yoshimura, Kambegawa, Okinaga and A r a i ,  1989)  

which have been a p p l i e d  to  m oni to r  o v a r ia n  f u n c t i o n  and pregnancy in 

a wide range o f  p r im ates  and e x o t i c  u n gu la te  sp e c ie s .

*

( i n c l u d i n g  both oes trone su lp h ate  and oestrone  g lu c u ro n id e )
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1 .6  AIMS

This  study was c a r r i e d  out  to  i n v e s t i g a t e  the metabol ism and 

e x c r e t io n  o f  o v a r ia n  s t e r o i d s  in A f r i c a n  rh in o c e r o s e s ,  w i t h  a view  

to advancing our un derstan ding  o f  the r e p r o d u c t iv e  phys io logy  o f  

these species  and deve lo p ing  methods o f  assess ing  r e p r o d u c t iv e  

s t a t u s  in the w h i te  and the b la c k  rh in o c e ro s .

The i n i t i a l  aim o f  t h i s  study was to  i n v e s t i g a t e  the m e t a b o l ic  

f a t e  o f  exognously ad m in is te re d  r a d i o I a b e I  Ied o e s t r a d i o I - 170 and 

progesterone in a w h i t e  r h in o c e ro s ,  w i t h  the s p e c i f i c  o b j e c t i v e  o f  

i d e n t i f y i n g  the major  e xc re te d  m e t a b o l i t e s  o f  o v a r ia n  s t e r o i d s  and 

to determine the r e l a t i v e  abundance o f  these m e t a b o l i t e s  in u r in e  

and faeces .

Secondly,  the f i n d i n g s  o f  the metbol ism study were to be 

conf irmed and extended by i d e n t i f y i n g  and d e te rm in in g  the form o f  

the u r i n a r y  m e t a b o l i t e s  o f  endogenous o e s t r a d i o I - 1 70 and 

progeste rone ,  e x c re te d  d ur in g  the o v a r ia n  c y c le  and pregnancy in 

both the b lack  and w h i te  spec ies  o f  A f r i c a n  r h in o c e ro s .

The f i n a l  aim was to e s t a b l i s h  s e n s i t i v e  immunoassays f o r  the  

measurement o f  the major  o v a r ia n  s t e r o i d  m e t a b o l i t e s  in u r i n e .  By 

d e s c r ib in g  the p a t t e r n  o f  e x c r e t i o n  o f  r e p r o d u c t i v e  s t e r o i d  hormone 

m e t a b o l i t e s ,  methods o f  d e t e c t i n g  o v u l a t i o n  and pregnancy may be 

developed.  The a v a i l a b i l i t y  o f  n o n - in v a s iv e  methods o f  assess ing  

r e p r o d u c t iv e  s t a t u s  w i l l  then prov id e  an a i d  to  management and 

breeding  o f  these spec ies  in c a p t i v i t y  and p o s s i b l y  in the w i l d .
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CHAPTER 2 .

GENERAL METHODS.

2.1  ANIMALS AND SAMPLE COLLECTION

The s tu d ie s  r e p o r te d  in t h i s  t h e s i s  were c a r r i e d  out  on a 

j u v e n i l e  female b la c k  r h in o ce ro s  ( D i c e r o s  b ic o rn o s ) housed and 

m ain ta ined  by the Z o o lo g ic a l  S o c i e t y  o f  London (R e g e n t 's  P a r k ) ,  

seven a d u l t ,  female  b la c k  rh in oceroses  ( D i c e r o s  b i  corn is') housed and 

m ain ta ined  by the Z o o lo g ica l  S o c ie t y  o f  London, UK ( a t  London zoo 

and Whipsnade W ild  Animal P a r k ) ,  S t .  Louis Z o o lo g ic a l  Park ,  USA, 

Dvur K ra love  Zoo, Czechoslo vak ia  and Audubon Zoo, USA; two a d u l t ,  

female  nor thern  w h i te  rh inoceroses  ( C e r a t o t h e r  ium s i  mum c o t t o n i ) 

housed and m ain ta ined  a t  Dvur Kra lo ve  Zoo; two a d u l t ,  female  

southern w h i te  rh in oceroses  ( C e r a t o t h e r iu m  s i  mum simum) housed and 

m ain ta in ed  by Edinburgh Zoo, UK and Pa ignton  Zoo, UK and an a d u l t  

female Ind ia n  rh in o ceros  ( Rhinoceros un i corn is )  housed and 

m ain ta in ed  by the Z o o lo g ic a l  S o c ie ty  o f  London a t  Whipsnade W ild  

Animal Park.  In the p r e s e n t a t io n  o f  r e s u l t s  in chapte rs  4 and 5,  

an imals  a re  descr ibed  by number. Tab le  I . I  i d e n t i f i e s  these  

an i m a I s .

Except  dur in g  pregnancy,  each female was a l lo w ed  access to  a 

male o f  the same spec ies  d ur in g  the day. B la c k ,  In d ia n  and 

southern w h i te  rh inoceroses  were kept  in p a i r s ,  w h i l s t  the nothern  

w h i te  rh in oceroses  were e x h i b i t e d  in a herd c o n s i s t i n g  o f  4 females  

w i t h  a male.  Signs o f  mat ing or o es t rous  behav iour  ( c h a r a c t e r i z e d  

by increased f requency  o f  u r i n e  sp ra y in g ,  w h i s t l i n g ,  aggress ion  or  

i n t e r e s t  in the male )  were recorded  by the animal  keepers .  In most 

cases,  females under i n v e s t i g a t i o n  were housed a lo ne  o v e r n ig h t  to  

f a c i l i t a t e  sample c o l l e c t i o n .  F i r s t  morning u r i n e  or u r in e  voided  

o v e rn ig h t  was c o l l e c t e d  each day from the f l o o r  o f  the enclosu re  

using a p l a s t i c  s y r in g e ,  or  f rom p l a s t i c  r e c e p t i c l e s  p laced  below  

the e x t e rn a l  o u t l e t s  o f  the enc lo sure  d r a i n s .  Care was taken to  

minimise the p o s s i b i l i t y  o f  contam in a t io n  w i t h  fa e c e s ,  water  or



T ab le  2 . 1 .  T ab le  t o  i d e n t i f y  In d i a n ,  w h i t e  and b la c k  rh inoceroses  

( r e f e r r e d  to  as numbers throughout  t h i s  t h e s i s ) ,  and the  p la c e  o f  

o r i g i n  o f  u r i n e  samples an a lys ed .

spec ies animal number name o r  i g i n

Ind ian 1 Roopa Wh i psnade

nor thern 2 Nesar i Dvur Kra lo ve

wh i te 3 Nas ima Dvur k ra lo v e

southern 4 Umfo1oz i Ed i nburgh

wh i te 5 Graci  e Pa i gnton

b 1 ack 6 June London

7 01 i ve S t .  Louis

8 Jess i e Audubon

9 Mama k i dogo Whipsnade

10 Sal i Dvur Kra lo ve

11 J immi Dvur K ra lo ve

12 Betsy S t .  Louis

13 Rosie London
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bedding.  Fo l low in g  c o l l e c t i o n ,  u r i n e  was t r a n s f e r r e d  to  p l a s t i c  

c o n t a in e r s  and placed in a f r e e z e r  a t  - 2 0 * C .  Samples were g e n e r a l l y  

s to re d  in 5 ml volumes.  In some cases ,  however,  s m a l le r  

q u a n t i t i e s  o f  u r i n e  were c o l l e c t e d  as and when p o s s ib le  throughout  

the day, and a t  i r r e g u l a r  i n t e r v a l s .  A n a ly s is  o f  these samples was 

l i m i t e d  to  a d d i t i o n a l  v a l i d a t i o n  o f  the procedures  used,  and was not  

used f o r  compil ing  i n d iv id u a l  p r o f i l e s .  Samples were f r o z e n  w i th o u t  

p r e s e r v a t i v e s  a t  -2 0 *C  and t ra n s p o r t e d  in dry ice ( i f  a p p l i c a b l e )  to  

the I n s t i t u t e  o f  Zoology w i t h o u t  thawing.  Immedia tely p r i o r  to  

a n a l y s i s ,  u r i n e  samples were a l lo w ed  to  thaw by s tan d in g  a t  room 

tem pera ture ,  and were then c e n t r i f u g e d  a t  400 g f o r  10 min to  

p r e c i p i t a t e  p a r t i c u l a t e  m a t t e r .

Sample c o l l e c t i o n  from an a d u l t  fem ale southern w h i te  

rh in o c e ro s ,  housed and m a in ta ine d  a t  Whipsnade W i ld  Animal Park ,  

during  the course o f  a rad iom etabo l ism  study fo l lo w e d  a sep ara te  

protoco l  which is descr ib ed  in d e t a i l  in chapter  3.

2 . 2  CREATININE DETERMINATION

Reagents used throughout t h i s  t h e s i s  were A n a la r - g r a d e  from 

BDH (P o o le ,  D o r s e t )  unless  o th e rw is e  s t a t e d .

Immediately  upon the f i r s t  thawing,  u r i n e  samples were  

analysed f o r  c r e a t i n i n e  c o n c e n t r a t io n  accord in g  to  the method o f  

Brand ( 1 9 8 1 ) ,  as adapted by Hodges and Green ( 1 9 8 9 )  f o r  m i c r o t i t r e  

p l a t e  f o r m a t .  The measurement o f  c r e a t i n i n e  he lps to  compensate

f o r  v a r i a t i o n  in f l u i d  in ta k e  and output  and v a r i a b l e  p e r io d s  o f

c o l l e c t i o n  (E rb ,  T i l  Ison,  Hodgen and P l o t k a ,  1970) ,  and a l l  r e s u l t s  

are  r e p o r t e d  as mass o f  hormone/mg c r e a t i n i n e  (ng/mgCr)  as

p r e v io u s ly  descr ibed  by severa l  workers  (e g .  S h i d e l e r  and Las ley ,

1982; Hodges and Eastman. 1984 ) .  |However, a comparison o f  hormone 

( e x c r e t i o n  over a 24 hour p e r io d  w i t h  hormone co n c e n t ra t io n s  indexed 

I to c r e a t i n i n e  has not been made f o r  any spec ies  o f  rh in o ce ro s .
I
( C r e a t i n i n e  e x c r e t io n  v a r i e s  w i t h  muscle mass and leve l  o f  a c t i v i t y .
i
The c o n c e n t r a t io n  o f  c r e a t i n i n e  in rh in o cero s  u r i n e  was thus  

v a r i a b l e  between both i n d i v i d u a l s  and sp ec ies ,  ap p ro x im ate ly  2*0  

mg/ml (range  0 * 9 - 3 * 2  mg/ml) in the w h i t e  and 1*0 mg/ml (range 0 * 3 -  

1*8 mg/ml) in the b lack  rh in o c e ro s .  Fjl u c tu a t  i ons w i t h i n  i n d i v i d u a l s

were +0-5 mgCr/ml in the w h i te  and +0*2 mgCr/ml in the b lack  

rh i n oceros .
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2 . 2 . 1  Assay m a t e r i a l s  and reag en ts

C r e a t i n i n e  standards were prepared over a range o f  0 * 5 - 3 * 0  

mg/ml by d i l u t i n g  a stock  s o l u t i o n  o f  3 *0  mg/mi in d i s t i l l e d

w a te r .  Low and high q u a l i t y  c o n t r o l s  (QCs) were prepared  by 

d i l u t i n g  human u r i n e ,  and s to re d  in a l i q u o t s  o f  0 *15  ml a t  - 2 0 * C .

S a t u r a t e d  p i c r i c  a c id  was prepared  in advance by d i s s o l v i n g  30 

g p i c r i c  a c id  s l u r r y  in ap p ro x im ate ly  1 l i t r e  d i s t i l l e d  w a t e r ,  on a 

s t i r r e r  h o t p l a t e  a t  80*C.  W h i ls t  s t i l l  h o t ,  the a c id  s o l u t i o n  was 

poured in t o  a stoppered  b o t t l e  and a l lo w ed  to  cool and c r y s t a l i s e .  

A l k a l i n e  t r i t o n  X-100 was prepared by combining t r i t o n  X-100  ( 4 * 2  

m l ) ,  1 N sodium hydroxide  s o l u t i o n  ( 1 2 * 5  ml;  avs )  and 66 *0  ml 

d i s t i l l e d  w a t e r .  S a tu r a te d  p i c r i c  a c i d ,  a l k a l i n e  t r i t o n  X-100 and 

de io n is ed  d i s t i l l e d  water  were mixed in the r a t i o  1 : 1 : 1 0  ( v / v )  in 

order  to p ro v id e  the pi c r a t e  reagent  f o r  the assay.

2 . 2 . 2  Assay method

C r e a t i n i n e  s tandards ( 0 * 5 - 3 * 0  m g /m l ) ,  QCs and samples were 

added to d u p l i c a t e  w e l l s  on a m i c r o t i t r e  p l a t e  ( lmmuno 1; Nunc, 

Denmark) in 5 pi volumes. Zero  w e l l s ,  c o n t a in i n g  5 pi d i s t i l l e d  

w a t e r ,  were a ls o  prepared  in d u p l i c a t e .  P i c r a t e  re agent  ( 0 * 3  ml)  

was then added to  each w e l l .  The p l a t e  was incubated in the dark a t  

room temperature f o r  1 *5 -2  h, a f t e r  which the o p t i c a l  d e n s i t y  was

read a t  490 nm using an a u to m a t ic  m i c r o - p l a t e  reader (Dynatech MR

7 0 0 ) .  The amount o f  c r e a t i n i n e / m l  u r i n e  was c a l c u l a t e d  by 

comparison w i t h  a standard  curve c o n s t ru c te d  from o p t i c a l  d e n s i t y  

and c r e a t i n i n e  c o n c e n t r a t io n .

2 . 2 . 3  Assay e v a l u a t i o n

A t y p i c a l  s tandard curve f o r  the c r e a t i n i n e  assay is  shown in

F i g .  2 . 1 .  The s e n s i t i v i t y  o f  the assay was a p p ro x im ate ly  0.1  mg

c r e a t i n i n e / m l ,  based on the s m a l le s t  change in o p t i c a l  d e n s i t y  which  

could be r e a d i l y  d e t e c t e d ,  and samples c o n t a i n in g  less than 0*1 mg
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F ig u re  2 .1 .  T yp ica l c re a t in in e  assay standard curve over the range 

o f standards 0 -3  mg. The curve is  p lo tte d  as o p tic a l d en s ity  

a g a in s t the  c re a t in in e  c o n c e n tra tio n .
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c r e a t i n i n e  were taken to  be too d i l u t e  f o r  a n a l y s i s ,  and were 

d is c a r d e d .  The i n t r a - a s s a y  p r e c i s i o n  was determimed by the repea ted  

measurement o f  the same u r i n e  pool in 1 assay ,  i e .  on 1 p l a t e ,  and 

was found to be 8*2% (n=30)  expressed as a c o e f f i c i e n t  o f  v a r i a t i o n  

(C o f  V ) .  In te i— assay C o f  V,  determined by measuring the same 

samples (QCs) in a t o t a l  o f  31 assays,  was 3*9% f o r  a h igh va lu e  QC 

and 5*7% f o r  a low va lue  QC.

2 . 3  SAMPLE PREPARATION

2 . 3 . 1  Enzyme h y d r o l y s is

P r i o r  to assay f o r  o e s t ro n e ,  o e s t r a d i o I  -  I 70 and 20a-DHP, u r in e  

samples ( 0 *0 5  ml )  were hyd ro lysed accord ing  to  the method o f  Hodges 

e t  a / . ,  ( 1 9 7 9 ) ,  and e t h e r  e x t r a c t e d  as des cr ib ed  below.

U r in e  samples were d i l u t e d  w i t h  sodium a c e t a t e  " h y d r o ly s is "  

b u f f e r  ( 1 : 2 ;  Appendix)  to g ive  a pH 5 s o l u t i o n ,  and hydrolysed w i t h  

50 FU 0 - g I u c u r o n id a s e - a r y I  su lph atase  (Sigma, a c t i v i t y  20 ,0 0 0  FU/g 

s o l i d ;  50 FU/ 0*05 ml h y d r o l y s is  b u f f e r )  a t  37*C f o r  24 h.

2 . 3 . 2  E th er  e x t r a c t i o n

A f t e r  h y d r o l y s i s ,  u r i n e  samples were a d ju s te d  to pH 7 w i t h  3 

M sodium hydroxide  s o l u t i o n  and t r a c e r  amounts ( 2 , 0 0 0  cpm) o f  

r a d i o l a b e l  were added to  moni tor  the e f f i c i e n c y  o f  the e x t r a c t i o n  

p ro ced u re .  Unconjugated s t e r o i d s  were e x t r a c t e d  by v i g o ro u s ly  

m ix in g  w i t h  2 ml (10  v o l )  d i e t h y l  e t h e r ,  d i s t i l l e d  a t  36*C  

im med ia tely p r i o r  to  use.  Samples were mixed f o r  15 min on a 

m u l t i - v o r t e x  mixer  ( m u l t i  tube model 2601 )  and a l lo w e d  to  stand f o r  

5 min to  a l l o w  s e p a ra t io n  o f  the aqueous and e t h e r  phases. The 

aqueous phase was s n a p - f ro ze n  by s tan d in g  the tubes in a m ix t u re  o f  

acetone  and l i q u i d  n i t r o g e n .  The e t h e r  was decanted i n t o  c lean  t e s t  

tubes and evaporated  to dryness under n i t r o g e n  in a d r i - b l o c k  (DB-3,  

Techne) a t  a temperature  o f  30*C.  S t e r o i d s ,  f o r m e r l y  p resen t  in the  

u r i n e  in the unconjugated form or as a co n ju gate  hydrolysed by
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enzyme a c t i o n ,  were r e c o n s t i t u t e d  in 1 ml a p p r o p r i a t e  b u f f e r  f o r  

a s s a y .

2 . 3 . 3  Hot ethano l  e x t r a c t i o n

Hot ethanol  e x t r a c t i o n  was used to  remove s t e r o i d s  from the  

s o l i d  v eg e ta b le  m a t te r  o f  f ae ces .  Faecal  samples were weighed,  to  

determine the  wet mass, and thoroughly  mixed to  break  up the s o l i d  

m a t t e r .  Faeces was p laced in a la rg e  g lass  beaker w i t h  10 v o l .  

ab so lu te  e t h a n o l .  The ethanol  was heated on a s t i r r e r  h o t p l a t e ,  

w h i l s t  s t i r r i n g  c o n s t a n t l y ,  u n t i l  b o i l i n g  p o in t  was reached and then 

a l lowed to b o i l  v ig o r o u s ly  f o r  10 min.  The v e g e ta b le  m a t te r  was 

s t r a i n e d  and the res id u e  squeezed b e fo re  r e - e x t r a c t i o n  by b o i l i n g  

f o r  20 min w i t h  5 v o l .  f r e s h  ab so lu te  e t h a n o l .  The v e g e ta b le  m a t te r  

was s t r a i n e d  and the ethanol  e x t r a c t s  combined in a 5 I r e f l u x i n g  

v e s s e l .  The e x t r a c t s  were r e f l u x e d  f o r  2 h a t  70*C,  f i l t e r e d  under 

pressure  and co n cen t ra ted  on a Bucchi r o t a r y  e va p ora to r  ( R o to rv a p o r -  

R ) .  The s t e r o i d s ,  f o r m e r ly  present  in the faeces  in both the  

conjugated and unconjugated forms were r e c o n s t i t u t e d  in ab s o lu te  

e t h a n o l .

2 . 3 . 4  P h en o l ic  e x t r a c t i o n j o f  s t e r o i d  e x t r a c t s  from the metabol ism study

N eu tra l  and p h e n o l ic  s t e r o i d s  were sep ara ted  by p h e n o l ic  

e x t r a c t i o n  accord ing  to  the method o f  Brown ( 1 9 5 5 ) .  S t e r o i d s  were 

d is s o lv e d  in 10 ml pet ro leum e t h e r  ( f r a c t i o n  4 0 - 6 0 * 0  and 

t r a n s f e r r e d  to  a s e p a r a t i n g  f u n n e l .  P h e n o l ic  s t e r o i d s  were removed 

by shaking v i g o r o u s ly  w i t h  2N sodium hydrox ide  (2  m l )  f o r  2 min.

The contents  o f  the funnel  were a l lo w ed  to  s e t t l e  f o r  5 min and the  

sodium hydrox ide was removed. Th is  procedure was re pea ted  3 t imes  

and the sodium hydroxide  ( 6  ml)  was pooled .  The e t h e r  was washed by 

shaking w i t h  2 ml d i s t i l l e d  w a t e r .  The w ater  was removed and added 

to the sodium hydroxide  to  make the aqueous f r a c t i o n .  The e t h e r  was 

t r a n s f e r r e d  to a round bottomed f l a s k  and evapora ted  to  dryness on a 

r o t a r y  e v a p o r a to r .  S t e r o i d s  were r e - d i s s # o I v e d  in ethanol  to  g iv e  

the f i r s t  n e u t r a l  s t e r o i d  f r a c t i o n .
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The aqueous phase was re tu r n e d  to  the s e p a r a t i n g  funnel  and 

f u r t h e r  e x t r a c t e d  w i t h  petro leum e t h e r  (5 0  m l ) .  The e th e r  was 

removed, evaporated to  dryness and s t e r o i d s  r e - d i s s o l v e d  in ethanol  

to  g iv e  the second n e u t r a l  s t e r o i d  f r a c t i o n .

The aqueous phase, c o n t a i n in g  p h e n o l i c  s t e r o i d s ,  was ad ju s ted  

to pH 7 w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and r e t u r n e d  to  the s e p a r a t in g  

f u n n e l .  P h en o l ic  s t e r o i d s  were e x t r a c t e d  3 t im es ,  by shaking w i t h  

50 ml f r e s h l y  d i s t i l l e d  d i e t h y l  e t h e r .  E th er  e x t r a c t s  were

removed, pooled and evapora ted  to  dryness .  S t e r o i d s  were  

re d is s o lv e d  in ethanol  to  g iv e  the p h e n o l ic  s t e r o i d  f r a c t i o n .

2 . 3 . 5  Seq u en t ia l  enzyme h y d r o l y s i s  j for  i d e n t i f i c a t i o n  o f  s t e r o i d  co n ju gates

U r in e  samples were su b jec ted  to  s e q u e n t ia l  h y d r o ly s is  

accord in g  to  the method o f  Eastman e t  a l .  ( 1 9 8 4 ) .

U n d i lu te d  u r in e  samples ( 0 * 2  m l )  were p laced in a la r g e ,  

g la s s  t e s t  tube and e x t r a c t e d  w i t h  2 ml d i e t h y l  e t h e r .  S t e r o i d s ,  

f o r m e r l y  p resent  in the u r i n e  in the unconjugated form, were 

r e c o n s t i t u t e d  in 1 ml b u f f e r .  Procedura l  losses dur in g  the  

e x t r a c t i o n  were e s t im ate d  in t r i p l i c a t e  by the a d d i t i o n  o f  t r a c e r  

amounts o f  [3H 320a-d ih ydroprogeste rone  ( t 3H320a-DHP; hydroxypregn-  

4 - e n e - 3 - o n e ,  2 0 a -C 1 , 2 - 3 H ( N ) 3 - ;  New England N u c le a r ,  D re ie c h ,

W.Germany; s p e c i f i c  a c t i v i t y  45 Ci /mmol)  to  0 *2  ml rh ino c ero s  u r in e  

p o o l ,  and r e c o v e r ie s  were 93*1+1*9% ( m e a n i s . e . m . , n=9 ) .

The aqueous phase,  c o n t a in in g  conju gated  s t e r o i d s ,  was 

a d ju s t e d  to  pH 5 by the a d d i t i o n  o f  h y d r o l y s i s  b u f f e r  ( 1 : 2 ) .

Samples were then hydro lysed  w i t h  1 ,200  FU o f  a s p e c i f i c  (J-D- 

g lu c u ro n id e  g Iucuronaosohydro Iase  (Sigma G35 I0 ;  a c t i v i t y  1250,000  

FU/g s o l i d ;  1 ,200  FU/0*1 ml h y d r o l y s i s  b u f f e r ) ,  c o n t a in in g  no 

su lph a tase  a c t i v i t y ,  a t  37*C f o r  24 h. Samples were a d ju s te d  to  pH 

7 w i t h  3 M sodium hydroxide s o l u t i o n  and e x t r a c t e d  w i t h  4 ml d i e t h y l  

e t h e r .  The s t e r o i d s ,  f o r m e r l y  p resent  in the u r i n e  as conjugates  

o f  g lu c u r o n ic  a c i d ,  were r e c o n s t i t u t e d  in 1 ml b u f f e r .  The
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e f f i c i e n c y  o f  the f i - g Iu curon id ase  h y d r o l y s is  procedure was 

determined by h y d r o ly s in g ,  in t r i p l i c a t e ,  t r a c e r  amounts o f  

[3H3pregnanedioI  g lu cu ron id e  ( [3HlPdG: Dr.P .Samara jeewa,  Dept .

Biochem.,  UCL; s p e c i f i c  a c t i v i t y  30 Ci /mmol)  to  pregnaned io l  in a 

0*2  ml u r i n e  p o o l ,  and re c o v e r i e s  o b ta in e d  were 78*6+0*8% 

(m e an is . e . m . , n =9 ) .  The s p e c i f i c i t y  o f  the enzyme was monitored by 

the a d d i t i o n  o f  t r a c e r  amounts o f  [3 H ]o e s t ro n e  su lp h a te  (Amersham 

I n t e r n a t i o n a l ,  Bucks.;  s p e c i f i c  a c t i v i t y  60 Ci /mmol)  to  0 *2  ml 

u r in e  p o o ls ,  in t r i p l i c a t e ,  p r i o r  to  h y d r o l y s i s .  Reco veries o f  

r a d i o l a b e l  ( i e .  t 3H lo e s t r o n e )  were 4*4±3*2% (m e a n is . e . m . , n=9)

co n f i rm in g  the s p e c i f i c i t y  o f  f i -g Iu c u ro n id ase  in c le a v in g  

g lu c u ro n id e  conjugates (Eastman e t  a l . ,  1984) .

The aqueous phase, c o n t a in in g  co njugated  s t e r o i d s  which  

remained unhydrolysed by fS-gIucuronidase a c t i v i t y ,  was a d ju s te d  to  

pH 5 by the a d d i t i o n  o f  h y d r o l y s is  b u f f e r  ( 1 : 2 )  and hydro lysed a t  

37*C f o r  24 h w i t h  400 FU |5-g I ucuron i d a s e -a ry  I -su I f a t a s e  in 0*1 ml 

h y d r o l y s is  b u f f e r .  Samples were then a d ju s te d  to  pH 7 w i t h  3 M 

sodium hyd ro x ide  s o l u t i o n  and e x t r a c t e d  w i t h  6 ml f r e s h l y  d i s t i l l e d  

d i e t h y l  e t h e r .  The s t e r o i d s ,  f o r m e r ly  p resent  in the u r i n e  as 

s t e r o i d  s u lp h a te s ,  were r e c o n s t i t u t e d  in I ml b u f f e r .  The 

e f f i c i e n c y  o f  the s u l f a t a s e  h y d r o l y s i s  procedure was determined by 

h y d ro ly s in g ,  in t r i p l i c a t e ,  t r a c e r  amounts o f  [3H3PdG to  

pregnaned io l  and [3H lo es t ro n e  su lp h a te  to  oes t rone  in 0 *2  ml u r in e  

pools ,  and r e c o v e r ie s  o b ta in ed  were 7 l * 5 i 1 * 2 X  and 89*2+1*3%  

(m ean is .e .m ,  n=9) r e s p e c t i v e l y .

2 . 3 . 6  A c id  so I v o l y s i s

A cid  s o l v o l y s i s  was c a r r i e d  out  to  h ydro ly se  s t e r o i d  

conjugates  t h a t  may have been present  in the u r i n e ,  but  were not  

hydro lysed  by enzym at ic  procedures.  S o l v o l y s i s  is  a s t r i n g e n t  

procedure which has been re p o r te d  to  l i b e r a t e  most o v a r ia n  s t e r o i d  

conjugates  ( C a r r o l l  e t  a l . ,  1990) .  S o l v o l y s i s  was c a r r i e d  out  

accord ing  to the o r i g i o n a l  method o f  Jacobsohn and Lieberman ( 1 962 )  

as m o d i f ie d  by Eastman e t  a l .  ( 1 9 8 4 ) .
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A f t e r  enzyme h y d r o l y s i s  (see  above) the r e s id u a l  aqueous phase 

was t r a n s f e r r e d  to  a s m a l l ,  g lass  b o t t l e  and d i l u t e d  w i t h  an equal  

volume ( 0 * 6  ml )  phosphate b u f f e r e d  s a l i n e  (PBS; Append ix ) .  Samples 

were then vor texed  f o r  15 min w i t h  s a t u r a t e d  sodium c h l o r i d e  

s o l u t i o n  ( 0 * 6  m l ) ,  2 *5  M s u l p h u r i c  a c i d  ( 0 * 3  m l )  and 15 ml e th y l  

a c e t a t e  and incubated o v e r n ig h t  a t  37*C.  The aqueous phase was 

sn a p- f ro zen  and the e th y l  a c e t a t e  decanted .  The samples were ag a in  

vortexed  f o r  15 min w i t h  f r e s h  e th y l  a c e t a t e  (15  m l ) ,  s n a p - f r o z e n ,  

and the e th y l  a c e t a t e  e x t r a c t s  combined. E thy l  a c e t a t e  e x t r a c t s  

were washed w i t h  d i s t i l l e d  water  ( I  m l)  p r i o r  to  e va p o r a t in g  to  

dryness under n i t r o g e n  a t  60 *C .  The d r i e d  e x t r a c t s  were 

r e c o n s t i t u t e d  in I ml b u f f e r .  The s o l v o l y s i s  procedure was 

monitored  by the  a d d i t i o n  o f  t r a c e r  amounts o f  I3HlPdG and 

[3 H lo es t ro n e  su lp h a te  to  u r i n e  pools ( 0 * 6  m l ) ,  and r e c o v e r ie s  were 

66*7+0*6% and 75*6+0*3% ( m e a n + s .e . m . , n=9)  r e s p e c t i v e l y .

2 .3 .7  D e r iv a t iz a t io n  fo r  co n firm atio n  o f s te ro id  id e n t ity

S t e r o id s  were d e r i v a t i z e d  by s e l e c t i v e  r e d u c t io n  o f  the 3-oxo  

groups (Bush, 1961) .  S t e r o i d s  were d is s o lv e d  in methanol ( 9  ml)  and 

dry n i t ro g e n  was bubbled through.  A m ix t u r e  o f  2 *5  M sodium

hydroxide (0*1 m l ) ,  methanol (3  m l )  and 0 *18  M sodium borohydr id e  in 

p y r i d i n e  ( 2 * 8  ml )  was added and the s o l u t i o n  a g i t a t e d  w i t h  n i t r o g e n  

f o r  10 min.  A f t e r  a d j u s t i n g  the s o l u t i o n  to  pH 7 w i t h  h y d r o c h lo r ic  

a c i d ,  s t e r o i d s  were e x t r a c t e d  w i t h  200 ml d i e t h y l  e t h e r .  The e t h e r  

was washed w i t h  d i l u t e  sodium hyd rox ide  s o l u t i o n  fo l lo w e d  by

d i s t i l l e d  w a t e r ,  and d r i e d  over anhydrous sodium s u lp h a te  f o r  12 h 

b e fo re  e v a p o ra t in g  to  dryness .

2 .4  THIN LAYER CHROMATOGRAPHY

Thin la y e r  chromatography (T LC ) ,  using  p l a s t i c  p l a t e s  p r e 

coated w i t h  s i l i c a  (Kodak, Hemel Hempstead, UK),  was used to  

se p ara te  s t e r o i d  m e t a b o l i t e s  to  a l l o w  p r e l i m i n a r y  i d e n t i f i c a t i o n

p r i o r  to  high per formance l i q u i d  chromatography.  The p l a t e  was 

d iv i d e d  in to  0 *5  cm p o r t i o n s  by h o r i z o n t a l  l i n e s  o f  p e n c i l .  The
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p l a t e  was f u r t h e r  d iv i d e d  in to  v e r t i c a l  p o r t i o n s  (ap p r o x im a te ly  2*5  

cm in w i d t h ) ,  each l a b e l l e d  f o r  standard  or unknown.

Unknown s t e r o i d s ,  in d i e t h y l  e t h e r ,  were a p p l i e d  to  the p l a t e  

w i t h  a f i n e  Pas teur  p i p e t t e  under a g e n t l e  st ream o f  warm a i r  to  

evaporate  the s o lv e n t  and g iv e  a d i s c r e t e  a re a  o f  sample a t  the  

o r i g i n .  U n la b e l le d  r e f e r e n c e  s tandards ,  a l s o  d is s o lv e d  in d i e t h y l  

e t h e r ,  were a p p l i e d  a lo n g s id e  the unknown m a t e r i a l  in a s i m i l a r  

manner. Standards o f  progesterone  and o e s t r a d i o l - I 7 &  and the  

p r e d ic t e d  end products o f  metabo l ism, p r e g n a n e d io l ,  17a-  

hydroxyprogesterone , 20a-DHP and o e s t r i o l ,  o e s t r a d i o I - 17a and 

oestrone r e s p e c t i v e l y ,  were chosen so as to  g iv e  a ready r e fe r e n c e  

f o r  the chromatographic m o b i l i t y  and i d e n t i t y  o f  the unknown 

compounds.

N eu t ra l  s t e r o i d s  (p ro g estero n e  m e t a b o l i t e s )  were separa ted  in 

to Iue n e : e th y I  a c e t a t e  ( 6 0 : 4 0 ,  v / v )  and p h e n o l ic  s t e r o i d s  

( o es t ro g en s)  were separated  in c y c lo h e xa n e :e th y I  a c e t a t e  ( 6 5 : 3 5 ,  

v / v ) .  Chromatography tanks were prepared  by the a d d i t i o n  o f  100 ml 

s o l v e n t ,  and a l lowed  to e q u i l i b r a t e  f o r  one hour p r i o r  to use.  

P l a t e s  were placed in the r e s p e c t i v e  tanks and a l lo w ed  to develop a t  

room temperature  u n t i l  the s o lv e n t  f r o n t  had m ig ra ted  to w i t h i n  2 cm 

of  the top o f  the p l a t e .  At  the complet ion o f  the  run,  p l a t e s  were 

removed, the p o s i t i o n  o f  the s o lv e n t  f r o n t  was no ted ,  and the p l a t e s  

were d r i e d  in a i r .

The v e r t i c a l  p o r t io n  o f  p l a t e  c o n t a in in g  unknown s t e r o i d s  was 

removed and cut  in to  0 *5  cm h o r i z o n t a l  s t r i p s .  The m o b i l i t y  o f  the  

r e f e r e n c e  s t e r o i d s  was determined  by sp ray in g  the p l a t e  w i t h  

s u l p h u r ic  a c i d ,  and deve lop ing  in an oven a t  80*C.

2 .5  HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

High performance l i q u i d  chromatography (HPLC) was used to  

sep ara te  unconjugated and conjugated progesterone  m e t a b o l i t e s ,  and 

unconjugated oest rogens in r h in o ce ro s  u r i n e .
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For HPLC a chromatographic system c o n s i s t i n g  o f  two s in g l e  

p is to n  pumps <510 and 501; Waters ,  M i l f o r d ,  MA), a I ml i n j e c t i o n  

loop and an automated g r a d ie n t  c o n t r o l l e r  was used. For the  

sep a r a t io n  o f  con jugated s t e r o i d s  the  system used a pBondapak 

re v ers e  phase Cis column ( 3 0 x 3 * 9 ,  10 pm p a r t i c l e  s i z e ;  Waters

8 6 6 8 4 ) ,  and f o r  unconjugated s t e r o i d s  the system was f i t t e d  to a 

Lichro so rb  s t r a i g h t  phase s i l i c a  60 column (250x4  mm, 10 pm p a r t i c l e  

s i z e ;  Merck, S ardsedt ,  Germany, 50387)  and a s o lv e n t  g r a d ie n t  

system used to s e p ara te  the u r i n a r y  s t e r o i d s .  A l l  s o lv e n ts  used in 

HPLC were H ip e rs o lv e  (HPLC grade)  f rom BDH.

2 .5 .1  Separation  o f conjugated progesterone m e ta b o lites

Conjugated progestero ne  m e t a b o l i t e s  were separa ted  using a 

l i n e a r  so lve n t  g r a d i e n t  o f  20-100% methanol in d e io n is e d ,  d i s t i l l e d  

water  w i t h i n  40 min a t  a f l o w  r a t e  o f  I m l /m in ,  as descr ibed  by 

S h i d e le r  e t  a / .  ( 1 9 8 3 ) .  A b la n k  run ,  w i t h  an i n j e c t i o n  o f  0 . 2  ml 

methanol ,  was c a r r i e d  out  p r i o r  to each s e r i e s  o f  sample runs to  

e q u i l i b r a t e  the column.

Sample p r e p a r a t i o n  was accord ing  to the method o f  Kasman e t  

a l .  ( 1 9 8 6 ) .  U r in e  samples ( 0 * 5  m l )  were combined w i t h  an equal  

volume o f  methanol : ethanol  ( 1 : 1 ,  v / v )  and c e n t r i f u g e d  f o r  5 min a t  

400 g to  p r e c i p i t a t e  p a r t i c u l a t e  m a t t e r .  The superna tant  was 

removed and t r a n s f e r e d  to a g la s s  t e s t  tube.  [3HlPdG (20,000cpm in

0*05  ml ab so lu te  e t h a n o l )  was added to  the tube ,  and the volume o f

l i q u i d  t h e r e in  reduced to  0 *4  ml by e v a p o ra t io n  under n i t r o g e n  a t  a

tempera ture o f  6 0 aC. A sample volume o f  0 *2  ml was i n j e c t e d  onto

the column and f r a c t i o n s  ( I  m l )  were c o l l e c t e d  by means o f  an 

automated f r a c t i o n  c o l l e c t o r  ( F r a c - 1 0 0 ;  Pharmacia,  Uppsa la,  

Sweden), in to  1*5 ml po lyp ro p y le n e  m i c r o - c e n t r i f u g e  t e s t  tubes  

( S c o t l a b ,  M i d l o t h i a n ) .

F r a c t io n s  were evaporated  under n e g a t iv e  p ressure  in a v o r te x  

evapora tor  and r e c o n s t i t u t e d  o v e r n ig h t  in p h o s p h a t e - a z i d e - s a I i n e  

(PAS) gel b u f f e r  (1 ml;  Append ix ) .  P a r t  (0 *1  m l )  o f  each f r a c t i o n
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was placed in a s c i n t i l l a t i o n  v i a l  (Pony v i a l s ;  Packard,  

Pangbourne, B e r k s . )  w i t h  5 ml s c i n t i l l a t i o n  f l u i d  ( P i c o f l u o r - 1 5 ;  

Packard)  and r a d i o a c t i v i t y  counted on a T r i c a r b  l i q u i d  s c i n t i l l a t i o n  

a n a ly z e r  (Packard 1900CA; e f f i c i e n c y  30%; 3HEm«x=18*6 keV) ,  to

determine the r e t e n t i o n  t ime and recovery  o f  the added r a d i o i a b e l .  

The e f f i c i e n c y  o f  the procedure  ( m e a n i s . e . m . , n=23)  was 69 *5 i3 *8%

2 .5 .2  Separation  o f unconjugated progestagens

In ord er to  s e p ara te  unconjugated progesterone  m e t a b o l i t e s ,  a 

l i n e a r  s o lven t  g r a d ie n t  o f  0-2% methanol in n-hexane : ch lo ro form ,  

70:30  v / v ,  w i t h i n  24 min a t  a f lo w  r a t e  o f  2 ml /min  was used 

( E . M o s t l ,  personal  communicat ion) .  A b lank  run,  a f t e r  i n j e c t i n g  0*1 

ml chromatography s o l v e n t ,  was c a r r i e d  out  p r i o r  to  each s e r i e s  o f  

sample runs to e q u i l i b r a t e  the column, and the c o n c e n t r a t io n  o f  

methanol was increased to  6% over 10 min a t  the end o f  each run to  

ensure e l u t i o n  o f  a l l  substances from the column.

U r in e  samples ( I  m l )  were p laced in a s m a l l ,  g lass  b o t t l e  and 

ad ju s ted  to  pH 5,  by the a d d i t i o n  o f  1*5 ml h y d r o l y s is  b u f f e r .  

[ 3HlPdG ( 2 0 ,0 0 0  cpm in 0*05  ml h y d r o ly s i s  b u f f e r )  was added to each 

sample to  monitor  the e f f i c i e n c y  o f  the h y d r o l y s is  procedure and 

pro v id e  a r e f e re n c e  s tandard  f o r  pregnaned io l  on the HPLC. Each 

sample was hydro lysed w i t h  1,000  FU 0 - g I u c u r o n i d a s e - a r y I - s u I p h a t a s e  

( 1 , 0 0 0  FU /0*05  ml h y d r o l y s i s  b u f f e r )  c o n t a in in g  both g lu curon id ase  

and suI phase a c t i v i t y ,  a t  37*C f o r  24 h. Samples were then ad ju s te d  

to pH 7 by the a d d i t i o n  o f  3 M sodium hydrox ide  s o l u t i o n  and 

[3H120a-DHP and [3H lp ro g es te ro n e  (Amersham I n t e r n a t i o n a l ,  Bucks.;  

s p e c i f i c  a c t i v i t y  85 Ci /mmol)  added ( 2 0 , 0 0 0  cpm each in 0*05  ml PAS 

gel b u f f e r ) .  Each sample was e x t r a c t e d  w i t h  20 ml f r e s h l y  d i s t i l l e d  

d i e t h y l  e t h e r .  Samples were a l lo w ed  to  stand f o r  5 min to  a l l o w  the  

e th e r  and aqueous phases to  s e p a r a t e ,  a f t e r  which the  aqueous phase 

was s n a p - f r o z e n .  The e t h e r  was decanted in to  c lean  t e s t  tubes,  in a 

s e r i e s  o f  small  volumes, and evapora ted  to  drynessunder n i t r o g e n  a t  

30*C.  Samples were r e c o n s t i t u t e d  in 0 *2  ml n-hexane : ch lo ro form  

( 7 0 : 3 0 ,  v / v ) ,  and 0*1 ml i n j e c t e d  onto the column. F r a c t i o n s  (1
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m l )  were c o l l e c t e d  over a p e r io d  o f  30 m in f evapora ted  to  dryness  

under p ressure  in a v o r t e x  evap o ra to r  and r e c o n s t i t u t e d  o ve rn ig h t  in 

1 ml t r i s  b u f f e r  (A p p en d ix ) .  The recovery  o f  [3H]PdG ( 6 5 * 7 + 2 * IX;  

m e a n i s . e . m . f n=29)  in d ic a t e d  the e f f i c i e n c y  o f  the procedure

i n c lu d in g  the i n i t i a l  h y d r o l y s i s .  The r e c o v e r i e s  o f  [3H120a-DHP and

[3 H ]p ro g e s te ro n e ,  added a f t e r  h y d r o l y s i s ,  were 71*6  + 3*3% and

67*1+2 .8% (mean+s.e.m; n=29)

2 .5 .3  S eparation  o f unconjugated oestrogens

Unconjugated oestrogens were sep ara ted  using  a l i n e a r  so lve n t  

g r a d i e n t  o f  0-10% methanol in n-hexane : c h lo ro fo rm ,  50 :50  v / v ,

w i t h i n  22 min a t  a f lo w  r a t e  o f  2 ml /min  ( E . M o s t l ,  personal  

communicat ion) .  A b lank  run,  i n j e c t i n g  0*1 ml chromatography  

s o l v e n t ,  was c a r r i e d  out  p r i o r  to each s e r i e s  o f  sample runs to

e q u i l i b r a t e  the column, and the c o n c e n t r a t io n  o f  methanol was 

increased to 20% over a p e r io d  o f  15 min a t  the end o f  each run to  

ensure the e l u t i o n  o f  a l l  substances from the column.

U r in e  samples (1 ml)  were a d ju s te d  to  pH 5,  by the  a d d i t i o n  of  

1*5 ml h y d r o ly s i s  b u f f e r ,  and hydro lysed  w i t h  1,000 FU fi- 

g I u c u r o n i d a s e - a r y I - s u I p h a t a s e  ( 1 , 0 0 0  FU in 0 *05  ml h y d r o ly s is  

b u f f e r )  a t  37*C f o r  24 h. Samples were a d ju s t e d  to pH 7 and 

[ 3 H lo e s t r o n e  (Amersham I n t e r n a t i o n a l ,  Bucks . ,  s p e c i f i c  a c t i v i t y  90*7  

C i /m m o l ) ,  [3 H lo e s t r a d io l -1 7 fJ  (Amersham I n t e r n a t i o n a l ,  Bucks.;  

s p e c i f i c  a c t i v i t y  81*5  Ci /mmol)  and [3 H ]o es t rad io l -17< x  (donated  by 

E . M o s t l ,  I n s t i t u t  f u r  Biochemie,  Vienna;  36 pCi in 2 ml prepared  

acco rd in g  to  the method o f  Choi e t  a l . ,  1989)  added ( 2 0 ,0 0 0  cpm 

each in 0*05  ml PAS gel b u f f e r ) .  Each sample was e x t r a c t e d  w i t h  20 

ml f r e s h l y  d i s t i l l e d  d i e t h y l  e t h e r .  Samples were a l lo w ed  to  stand  

f o r  5 min ,  then the aqueous phase was s n a p - f r o z e n .  The e t h e r  was 

decanted and evaporated to  dryness ,  in very  smal l  volumes, under 

n i t r o g e n  a t  30*C.  Samples were r e c o n s t i t u t e d  in 0 *2  ml n-hexane : 

c h lo ro fo rm  ( 5 0 : 5 0 ,  v / v ) ,  and 0*1 ml i n j e c t e d  onto  the column.

F r a c t i o n s  (1 ml )  were c o l l e c t e d  over a p e r io d  o f  30 min,  evaporated  

to  dryness in a v o r te x  evap o ra to r  and r e c o n s t i t u t e d  o v e r n ig h t  in
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assay b u f f e r  (1 m l ) .  The recovery  o f  [3H ]o e s t ro n e  was 64*3+2.6%  

(mean+s.e .m. ,  n = ! 6 ) .

2 . 6  GAS CHROMATOGRAPHY/MASS SPECTROMETRY

2 . 6 . 1  Sample p r e p a r a t i o n

A Sep-pak C I8  chromatography c a r t r i d g e  (W ate rs )  was a t ta c h e d  

to a 5 ml s y r in g e  and primed f o r  sample e x t r a c t i o n  by the  

a p p l i c a t i o n  o f  5 ml a b s o lu te  ethanol  f o l lo w e d  by 5 ml de io n ised

d i s t i l l e d  w a t e r .  The c a r t r i d g e  was then removed and a t ta c h e d  to  a 

100 ml sy r in g e  c o n t a in in g  the u r i n e  sample (20  m l )  f o r  GC/MS

a n a l y s i s .  The u r in e  was loaded onto the c a r t r i d g e  and the s y r in g e  

washed through w i t h  water  (5  m l ) .  The sample was e l u t e d  w i t h  5 ml 

a b s o lu te  ethanol  in t o  a round bottomed tube .  The ethano l  was 

evaporated  to dryness on a r o t a r y  e v ap o ra to r  and the sample

re d is s o lv e d  in 10 ml h y d r o l y s is  b u f f e r  (pH 5 )  and s on ica te d  to  a i d

the r e c o n s t i t u t i o n  process.

Samples were incubated w i t h  f i - g I u c u r o n i d a s e - a r y I  su lp h atase  

( 1 0 ,0 0 0  F U / in  0*1 ml h y d r o l y s i s  b u f f e r )  a t  55*C f o r  3 h in order  to  

hydro lyse  s t e r o i d  conjugates  present  in the sample. The samples 

were a p p l ie d  to Sep-pak c a r t r i d g e s ,  primed as b e f o r e ,  and the tubes 

were washed w i t h  water  which was a l s o  loaded onto  the c a r t r i d g e .  

The sample was e l u t e d  w i t h  a b s o lu te  ethanol  (5  m l )  i n t o  a l a r g e ,  

round bottomed f l a s k .  The f l a s k  was p a r t i a l l y  immersed in a water  

bath ( 6 0 * 0  and the ethano l  evaporated  to  dryness on a r o t a r y  

e v a p o r a t o r .  The sample was r e d is s o l v e d  in a b s o lu t e  ethanol  ( 2  ml )  

and so n ic a te d .

2 . 6 . 2  Sephadex LH20 chromatography

S t e r o i d s  were f r a c t i o n a t e d  on a column o f  Sephadex LH20 

accord ing  to the method o f  S h ack le ton ,  Honour, D i l l o n  and Mi I l a ,  

1976) .  Sephadex LH20 (6*1 g; Pharmacia)  was d is s o lv e d  in 30 ml 

chromatography s o lv e n t  ( f r e s h l y  d i s t i l l e d  cyclohexane : a b s o lu te
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e t h a n o l ,  4 : 1 ,  v / v )  and a l lo w ed  to  swel l  a t  room tempera ture  f o r  10 

min. The Sephadex LH20 was loaded in t o  a 0 *5  m g lass  column <2 cm 

d ia m e te r )  to  form the s t a t i o n a r y  phase f o r  chromatography. Any 

res id u a l  chromatography s o lv e n t  was a l lo w ed  to  e l u t e  from the column 

u n t i l  a dry su r face  was o b ta in e d .

A volume o f  the hydrolysed  sample e x t r a c t  (1 m l )  was placed in 

a t e s t  tube and the ethanol  evap orated  under n i t r o g e n  a t  60*C.  The 

sample was re d is s o lv e d  in a b s o lu t e  ethanol  ( 0 * 4  m l ) ,  and 1*6 ml 

f r e s h l y  d i s t i l l e d  cylohexane was added in a dropwise manner, w h i l s t  

mix ing the contents o f  the tube in a s o n ic a t in g  w a t e r b a t h .  The 

sample was then loaded s lo w ly  onto the dry s u r fa c e  o f  the Sephadex 

LH20 column by means o f  a P asteur p i p e t t e .  Once the sample had been 

absorbed in to  the s t a t i o n a r y  phase,  8 ml chromatography so lv en t  was 

a p p l i e d .  The column was run to  dryness and the  e lu e n t  d iscard ed .  

Four f r a c t i o n s  were c o l l e c t e d  in t o  round bottomed f l a s k s  by e l u t i n g  

compounds from the column w i t h  43 ml ,  65 mi ,  40 ml and 90 ml volumes 

o f  cyclohexane:e thanol  ( 4 : 1 ,  v / v )  s e q u e n t i a l l y .  The s o lv e n t  was 

evaporated  from each f r a c t i o n  on a r o t a r y  e v a p o r a t o r ,  and f r a c t i o n s  

r e c o n s t i t u t e d  in ab so lu te  ethano l  (2  m l ) .

2 . 6 . 3  Der i  v a t i z a t i o n  f o r  GC/MS

MethyI o x i m e - t r i m e t h y I s i I y I  e t h e r  (MO-TMS) s t e r o i d  d e r i v a t i v e s  

were prepared  in a 2 step  r e a c t i o n  ( P r o s t ,  Bournot  and Maume, 1975) .  

F i r s t l y ,  a volume o f  each r e c o n s t i t u t e d  f r a c t i o n  (1 m l )  was placed  

in a small  t e s t  tube.  I n t e r n a l  s ta n d ard s ,  0 *05  ml a b s o lu te  ethanol  

c o n t a in in g  5 ng each o f  5 < x - a n d r o s t a n e - 3 a ,1 7 a - d i o l , s t ig m a s t e r o l  and 

c h o le s t e r o l  b u t y r a t e  (Sigma Chemical C o . ) ,  were added to  the  tube  

and the s o lv e n t  evaporated  to  dryness under n i t r o g e n  a t  60 *C .  The 

res id u e  was oximised by in cu b a t in g  a t  60*C f o r  1 h w i t h  a s o l u t i o n  

o f  methoxyamine h y d r o c h lo r id e  in p y r i d i n e  (2%, w /v ;  0 *2  m l ) .  

Secondly,  t r i m e t h y I s i I y I i m i d a z o l e  (0 *1  m l )  was added and the m ix tu re  

incubated a t  I00*C ovternight  f o r  s i l y l a t i o n  to  occur.
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So lv ent  was evapora ted  from the sample under n i t r o g e n  a t  60*C  

and the re s id u e  r e d is s o lv e d  in Iml l i p i d e x  s o lv e n t  ( f r e s h l y  

d i s t i l l e d  cyclohexane : p y r i d i n e  : HMDS, 9 8 : 1 : 1  v / v )  and so n ic a te d .  

L ip i d e x - 5 0 0 0  (Pharmacia;  s to r e d  in methanol)  was p laced  in a f i l t e r  

funnel  over a con ica l  f l a s k  and a vacuum a p p l i e d .  The powder was 

washed th re e  t imes w i t h  f r e s h l y  d i s t i l l e d  cyclohexane fo l lo w e d  by 

two washes w i t h  l i p i d e x  s o l v e n t .  A smal l pad o f  g la s s  wool was

placed in a pasteur  p i p e t t e  and 2 ml l i p i d e x  added. The s o lv e n t  was

e lu t e d  and the column washed w i t h  l i p i d e x  s o lv e n t  ( 0 * 5  m l ) .  The

r e c o n s t i t u t e d  sample was loaded onto  the column, the tube r in s e d  

w i t h  l i p i d e x  s o lv e n t  ( 0 * 5  ml )  which was a l s o  a p p l i e d  to  the column.  

Excess reagents  were removed by chromatography (Axel  son and Sjoval l ,  

1974) and the d e r i v a t i s e d  compounds were e l u t e d  w i t h  l i p i d e x  s o lv en t  

(1 ml)  in to  a t e s t  tube |under n i t r o g e n  pressure

to  f o r c e  through a l l  the l i q u i d .  The s o lv e n t  was

evaporated  under n i t r o g e n  a t  60*C and the sample r e c o n s t i t u t e d  in

f r e s h l y  d i s t i l l e d  cyclohexane ( 0 * 5  m l )  and s to re d  in an a i r - t i g h t  

v i a l .

2 .6 .4  Gas chromatography/mass spectrom etry (GC/MS)

S t e r o i d  d e r i v a t i v e s  were analysed  on a Packard 437A gas 

chromatograph |equ i pped w i t h  f lame i o n i z a t i o n  d e t e c t o r s .  D e r i v a t i s e d  

samples (2 p i )  were a p p l i e d  to  the column v i a  a s o l i d  i n j e c t i o n  

system. Hel ium was used as the c a r r i e r  gas and the f lo w  r a t e  

through the column was 1-2 m l /m in .  Gas chromatography was c a r r i e d  

out using tempera ture  programming c o n d i t io n s  o f  260 -290*C  w i t h  

increments o f  3 *C /m in .

R e p e t i t i v e  magnet ic  scanning over the mass range 9 8 -8 0 0  atomic  

mass u n i t s  (amu) was performed using  a H e w le t t  Packard model 5890 

( G O  and 5970 s e r i e s  mass spectrom eter  d e t e c t o r  (MSD) . For GC/MS 

the tempera ture  o f  the s e p a r a to r  and t r a n s f e r  l i n e  and ion source  

was 250*C,  the i o n i s a t i o n  c u r r e n t  and v o l t a g e  were 300 mA and 70 eV 

respect  i v e I y .
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S t e r o i d  i d e n t i f i c a t i o n  was based on gas chromatographic  

r e t e n t i o n  t ime o f  the s t e r o i d  d e r i v a t i v e  and the io n i c  spectrum 

produced by mass s p e c t r o m e t r y . S t e r o i d s  were q u a n t i f i e d  by

r e l a t i n g  the peak h e ig h t  on the gas chromatograph to  t h a t  o f  a l i n e  

drawn between the peak h e ig h t s  o f  the i n t e r n a l  s tandards .

2 .7  RECRYSTALLIZATION

R e c r y s t a l l i z a t i o n  was c a r r i e d  out  accord in g  to  the method o f  

A x e l ro d ,  M a t t h i j s s e n ,  G o ld z ie h e r  and P u l l i a m  ( 1 9 6 5 ) ,  as m o d i f ie d  by 

Pashen ( 1 9 8 0 ) .

A u t h e n t ic  s t e r o i d  ( 2 0 - 3 0  mg) was d is s o lv e d  in ab s o lu te  ethanol  

c o n t a in in g  3 H - la b e l  led s t e r o i d  and 14C - l a b e l  led unknown s t e r o i d ,  

and the s o l u t i o n  was evapora ted  to d ryness.  Ch loro form  ( 0 * 5  m l )  was 

added to r e d i s s o lv e  the s t e r o i d s  and 0*0 5  ml o f  t h i s  s o l u t i o n  was 

dispensed onto a pre -weighed p l a n c h e t t e  and p lace  in a d u s t - f r e e  

covered box.  The remain ing ch lo ro fo rm  was evaporated  to  dryness and 

re d is s o lv e d  in warm acetone which was g r a d u a l l y  reduced in volume by 

e v a p o ra t io n ,  w h i l e  s im u l tan e o u s ly  n-hexane was added in a drop-wise  

manner to  decrease the s o l u b i l i t y  o f  the s t e r o i d .  As soon as 

c r y s t a l s  began to form, the  s o l u t i o n  was t r a n s f e r r e d  to 4*C where 

the c r y s t a l s  were a l lo w ed  to  grow f o r  24 h. A f t e r  a short  

c e n t r i f u g a t i o n  a t  400 g, the superna tan t  was decanted and the  

c r y s t a l s  r e d is s o lv e d  in 0 *5  ml ch lo ro fo rm  and the process rep ea ted .  

Four r e c r y s t a l l i z a t i o n s  were performed f o r  each unknown s t e r o i d .

The ch loro form  was a l lo w ed  to  evapora te  spontaneously from the  

s t e r o i d  s o l u t i o n s  in the pre -weig hed p l a n c h e t t e s  le a v in g  behind a 

smal l mass o f  s o l i d  hormone, the w e ig ht  o f  which was c a l c u l a t e d  by 

s u b t r a c t i n g  the we ig ht  o f  the  empty p l a n c h e t t e  from the weight  o f  

the p la n c h e t t e  p lu s  hormone r e s i d u e .  Fo l lo w in g  w e ig h in g ,  each 

p l a n c h e t t e  was t r a n s f e r r e d  to  a se p a ra te  s c i n t i l l a t i o n  v i a l  and 0 *5  

ml methanol was added to  r e d i s s o l v e  the  s t e r o i d s .  S c i n t i l l a t i o n  

f l u i d  (5  ml)  was added and the 3H and * * C - r a d i o a c t i v i t y  counted f o r  

10 min.  The s p e c i f i c  a c t i v i t y  (SpA) and 3 H / H C  r a t i o  was



95

c a l c u l a t e d .  The SpA o f  the s t e r o i d  c r y s t a l l i z e d  a t  each step  was 

determined from the mass o f  m a t e r i a l  in the p l a n c h e t t e  and the <*C-  

r a d i o a c t i v i t y  a sso c ia te d  w i t h  i t  as f o l l o w s :

SpA = c .p .m .

2 . 2  x 10* x mass o f  c r y s t a l s  ( g )

2 . 8  RADIOIMMUNOASSAY FOR OESTRONE

Oestrone was measured in hydro lysed  u r i n e  samples accord ing  to  

the method o f  Hodges, Brand,  Henderson and K e l l y  ( 1 9 8 3 a ) .

2 . 8 . 1  Assay m a t e r i a l s  and reagents

For radioimmunoassay o f  o e s t r o n e ,  the assay b u f f e r  was WHO 

b u f f e r  (pH 7 * 2 ;  Appendix ) .  The a n t i - o e s t r o n e  serum used in the  

assay was prepared  in a r a b b i t  immunized a g a in s t  o e s t r o n e - 6 -  

carboxymethyI oxime conjugated to  bovine serum albumin and was 

su p p l ied  by S t e r a n t i  Research L t d . ,  S t .  A lbans,  UK. The cross  

r e a c t i v i t i e s  o f  the an t ise ru m ,  determined by the s u p p l i e r ,  were 

o e s t r a d i o I -1 73  (0 *1 % ) ,  o e s t r a d i o I - 1 7a (0 *0 6 % ) ,  o e s t r i o l  (0*01%) and 

<0*02% w i t h  o th er  Ci 9 and C2 1  s t e r o i d s  t e s t e d .  The an t ib o d y  was 

su p p l ied  f r e e z e  d r i e d  and was r e c o n s t i t u t e d  in b u f f e r  and 25 pi 

a l i q u o t s  s to re d  a t  -2 0 *C  u n t i l  used in the assay .

T r i t i a t e d  oestro ne  ( C ^ H l E i ; I 2 , 4 , 6 , 7 - 3 H ] o e s t r o n e )  was used as

the label  in the assay .  The o r i g i n a l  supply  was d i l u t e d  to  50 

pCi/ml  in to lu en e  : ethanol  ( 9 : 1 )  and s to re d  a t  - 2 0 * C .  For assay,  

r a d i o l a b e l  was d r i e d  down under a st ream o f  n i t r o g e n  and 

r e c o n s t i t u t e d  in b u f f e r  to g iv e  a s o l u t i o n  o f  10 ,000  cpm/ 0*1 ml .

Oestrone s tandards ( | 3 - h y d r o x y - 1 , 3 , 5 < 10 } - o e s t r a t r i e n - 1 7

MW=270*4; Sigma Chemical Co. E9750)  were double d i l u t e d  over the  

range 4 00 -6 *2 5  p g /0 * 5  ml ( 8 0 0 - 1 2 * 5  p g /m l ) a f t e r  the i n i t i a l  d i l u t i o n  

o f  a stock  s o l u t i o n  o f  20 ng/ml b u f f e r .  A QC was prepared by

- o n e ;
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d i l u t i n g  u r i n e  from a p reg n ant ,  n o r th e rn  w h i t e  r h in o c e r o s ,  which had 

p r e v i o u s l y  been hydro lysed  and e x t r a c t e d ,  and was s to re d  a t  -2 0 * C .

Free and ant ibody-bound oestrone  were sep ara ted  using a 

d e x t ra n  a c t i v a t e d  charcoa l  suspension c o n t a i n in g  0*625% a c t i v a t e d  

charcoal  ( p r e v i o u s l y  washed in d i s t i l l e d  water  and d r i e d  in a heated  

c a b i n e t )  and 0*0625% dex t ran  T -7 0  (Pharmac ia )  in b u f f e r ,  i e .  1*25 g 

charcoal  and 0*125  g dex t ran  T -70  in 200 ml b u f f e r .

2 . 8 . 2  Sample p r e p a r a t i o n

U r ine  samples ( 0 * 0 5  ml)  were hydro lysed w i t h  3 - g l u c u r o n i d a s e -  

a r y I - s u I p h a t a s e  and e x t r a c t e d  w i t h  d i e t h y l  e t h e r ,  p r i o r  to  assay f o r  

o e s t ro n e  (see  s e c t io n  2 . 3 ) .  Procedural  losses d u r in g  the e x t r a c t i o n  

were monitored  by the a d d i t i o n  o f  t r a c e r  amounts o f  t 3 H]Ei to  each 

sample p r i o r  to e x t r a c t i o n .  Recoveries were 86*212*0% (m ean is .e .m ,  

n = 3 7 8 ) ,  and i n d iv id u a l  r e c o v e r i e s  were used to  c o r r e c t  f o r  

procedura l  losses when c a l c u l a t i n g  the f i n a l  c o n c e n t r a t io n  o f  

o es t ro n e  in u r i n e .  H y d ro ly s is  e f f i c i e n c i e s  were determined  in 

t r i p l i c a t e  f o r  each assay by adding t r a c e r  amounts o f  t 3H lo es t ro n e  

s u lp h a t e  and t 3H3oestrone g lu cu ro n id e  ( D r .  P.Samarajeewa.  Dept .  

Biochem.,  UCL, London; s p e c i f i c  a c t i v i t y  53 Ci /mmol)  r e s p e c / t i v e I y  

to  0 *0 5  ml u r i n e  p o o l ,  hyd ro lysed  and e x t r a c t e d  as above.  

R ecover ies  were 79*2+3*0% and 80 *2 i0 *9%  ( m e a n i s . e . m . , n=16)

r e s p e c t i v e l y .

2 . 8 . 3  Assay p ro to co l

For the assay ,  s tandards  were prepared  in t r i p l i c a t e  over the  

range o f  4 0 0 -6 * 2 5  p g /0 * 5  ml ,  a long w i t h  t o t a l  count  ( T O  and non

s p e c i f i c  b ind in g  (NSB) tubes .  To ta l  b in d in g  (TB) and QC tubes ( 0 * 5  

m l)  were included in d u p l i c a t e .  R a d io la b e l  ( 1 0 , 0 0 0  cpm in 0*1 m l )  

was added to each tube;  a n t is e ru m  (0*1  ml; work ing d i l u t i o n  o f  

1:4 0 0 )  was added to  a l l  tubes except  TC and NSB. The c o n ten ts  o f  

each tube were mixed thoroughly,  tubes were covered and incubated  

o v e r n i g h t  a t  4*C.
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F ig u re  2 .2 .  Typ ica l oestrone assay standard curve w ith  standards  

over the range 6*25—400 pg. The curve is  p lo tte d  as % bound against 

the log o f  the mass o f oestrone. The standard dose response curve 

fo r  the oestrone RIA (a .... a) is  compared w ith  s e r ia l  d ilu t io n s  o f 

u rin e  from  the b lack  rh inoceros during  the p re -o e s tru s  p erio d  

(cw-^o) and the w h ite  rh inoceros during  pregnancy CA i ) .
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The f i n a l  assay layout  was as f o l l o w s :

TC 0 - lm l  13H] Ei + 0*8ml b u f f e r

CMml [ 3 H3Ei + 0*6ml b u f f e r

0* Iml C3H3E1 + 0*5ml b u f f e r  + 0*1ml an t is eru m

0*1ml t 3H3Ei + 0*5ml ( 6 * 25-400pg)E i  + 0*1ml an t iseru m

N5B

TB

STANDARDS

QCs and SAMPLE 0*1ml C 3 H 3 E t + 0*5ml QC or sample + 0 * lm l  a n t i  serum

A f t e r  in c u b a t io n ,  ice co ld  dex t ran  a c t i v a t e d  charcoal  

suspension ( 0 * 2  m l)  was added to  a l l  tubes except  the TC. The tubes  

were v o r te x  mixed and incubated f o r  15 min a t  4*C p r i o r  to  

c e n t r i f u g i n g  a t  2400 rpm (500  g) f o r  10 min in a cool sp in  (F isons  

S c i e n t i f i c  Apparatus L t d . ,  Loughborough) c e n t r i f u g e  ( 4 * 0 .  The 

superna tants  were decanted i n t o  s c i n t i l l a t i o n  v i a l s  c o n t a in in g  2 ml 

s c i n t i l l a t i o n  f l u i d ,  mixed and a l low ed  to  e q u i l i b r a t e  f o r  I h b e fo re  

r a d i o a c t i v i t y  was counted f o r  3 min.

2 . 8 . 4  Assay e v a l u a t i o n

A t y p i c a l  s tandard  c u rve ,  o b ta in e d  by p l o t t i n g  X bound (B /B 0 ) 

a g a in s t  mass (pg )  oes tr one  standard  on a lo g a r i t h m ic  s c a l e ,  is shown 

in F ig .  2 . 2 .  Values  o f  oestrone  in samples were c a l c u l a t e d  from the  

standard curve ,  i n i t i a l l y  as p g / t u b e ,  and then t ransformed to  

ng/mgCr. S e r i a l  d i l u t i o n s  o f  hydro lysed  u r in e  from female  b la ck  

rh inoceroses  on the day p r i o r  to  o es t ru s  and n o r th ern  w h i t e  

rh inoceroses  during  pregnancy gave d isp lacement  curves p a r a l l e l  to  

t h a t  ob ta ined  w i t h  oes trone  s tandards ( F i g .  2 . 2 ) .

The s e n s i t i v i t y  o f  the assay,  determined  a t  90X b in d in g  was 

4 * 5  pg /tube  or 9 * 0  n g / m l . The accuracy o f  the assay was determined  

by adding va r y in g  amounts o f  u n l a b e l l e d  oestr one  ( 6 * 2 5 - 4 0 0 p g )  to  

0 *5  ml volumes o f  hydro lysed and e x t r a c t e d  b la c k  and w h i t e  

rh inoceros  u r i n e  po o ls ,  c o n t a in in g  low le v e l s  o f  endogenous hormone. 

The samples were assayed and mean+s.e.m r e c o v e r i e s  o f  added oestrone  

were 8 9 *2 t 3 * 1 X  and 97 *8 i1 * 6%  r e s p e c t i v e l y .  I n t r a - a s s a y  p r e c i s i o n  was 

determined by repeated  measurement o f  a sample prepared  from pooled  

b la ck  rh inoceros  u r in e  which had p r e v i o u s ly  been hydrolysed  and
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e x t r a c t e d .  The in t r a - a s s a y  C o f  V was found to  be 11*2% ( 4 5 ) .  

I n t e r - a s s a y  p r e c i s i o n  was c a l c u l a t e d  by de te rm in in g  the  C o f  V o f  

measurement o f  a QC (which gave a va lu e  o f  ap p ro x im a te ly  50% bound) 

in each assay and was found to  be 9*9% ( n = 1 0 ) .

2 .9  RADIOIMMUNOASSAY FOR PROGESTERONE

U r in a r y  progesterone  was measured by radioimmunoassay w i th o u t  

chromatography,  as d escr ib ed  by Hodges, Eastman and Jenkins (1 9 8 3 b ) .

2 .9 .1  Assay reagents

For the assay o f  p ro g es te ro n e ,  the assay b u f f e r  was low s a l t  

b u f f e r  (LSB; pH 7 *0 ;  Append ix ) .  The a n t i - p r o g e s t e r o n e  serum was 

o b ta in e d  from the World H e a l th  O rg a n is a t io n  (WHO CHWIB), s to re d  a t  -  

20*C in 80 pi a l i q u o t s  o f  1:100 d i l u t i o n .  The a n t ib od y  was r a is e d  

in r a b b i t s  a g a in s t  progesterone-carb oxymeth y I  oxime-BSA, and the  

cross  r e a c t i v i t y  w i t h  o th e r  s t e r o i d s  were d e scr ib ed  by Hodges e t  a l .  

( 19 83b )  as f o l l o w s :  17o-hydroxyprogestero ne  (3 * 0 % ) ,  t e s t o s t e r o n e

(0*1%) and c o r t i s o l  (0 *01% ) .

T r i t i a t e d  progesterone  ( * 3 H ]P 4 ,  { 1 , 2 , 6 , 7 - 3 H > - p r o g e s t e r o n e )  was 

used as the label  in the assay .  The o r i g i n a l  supply was d i l u t e d  to  

50 pCi /m l  in to Iuene:e thano I  ( 9 : 1 )  and s to re d  a t  - 2 0 #C. For assay ,  

an a l i q u o t  was d r i e d  down under a stream o f  n i t r o g e n  and 

r e c o n s t i t u t e d  in b u f f e r  to  g iv e  a s o l u t i o n  o f  10 ,000 cpm/ 0*1 ml .

Progesterone standard s  ( 4 - p r e g n e n e - 3 , 2 0 - d i o n e ;  MW=314*5; 

Sigma Chemical Co. P 0 I3 0 )  were double d i l u t e d  over a range o f  4 0 0 -  

6 * 2 5  p g / 0 * 5  ml ( 8 0 0 - 1 2 * 5  p g /m l )  a f t e r  the i n i t i a l  d i l u t i o n  o f  a 

sto ck  s o l u t i o n  o f  4 ng/ml b u f f e r .  A QC was prepared from e x t r a c t e d ,  

marmoset plasma and s to re d  a t  -2 0 * C .

Free  and ant ibody-bound progestero ne  were separated  using a 

d e x t ra n  a c t i v a t e d  charcoal  suspension c o n t a i n in g  0*625% a c t i v a t e d
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charcoal  and 0*0625% de x t ra n  T -70  in b u f f e r ,  i e .  1*25 g charcoal  

and 0*125 g dextran  T -70  in 200 ml b u f f e r .

2 .9 .2  Sample p rep ara tio n

U r in e  samples ( 0 * 0 5  m l )  were e x t r a c t e d  w i t h  0 *5  ml f r e s h l y  

d i s t i l l e d  petroleum e t h e r  ( 4 0 - 6 0 * 0  p r i o r  to  assay f o r  progesterone .  

Procedura l  losses d ur in g  the e x t r a c t i o n  were monitored  by the  

a d d i t i o n  o f  t r a c e r  amounts o f  [3H1P4 to  each sample p r i o r  to  

e x t r a c t i o n .  Recoveries were 8 9 * 1 i2 .6 %  (m ea n is .e .m ,  n = l 2 6 ) ,  and 

i n d i v i d u a l  re c o v e r ie s  were used to  c o r r e c t  f o r  procedura l  losses  

when c a l c u l a t i n g  the f i n a l  c o n c e n t r a t io n  o f  p rogeste rone  in u r i n e .

2 .9 .3  Assay protocol

Standards were prepared  in t r i p l i c a t e  over the range o f  400 -  

6*2 5  p g / 0 * 5  ml ,  a long w i t h  t o t a l  count (TC) and n o n - s p e c i f i c  b in d in g  

(NSB) tubes.  To ta l  b in d in g  (TB) and QC tubes ( 0 * 5  m l )  were included  

in d u p l i c a t e .  R ad io labe l  ( 1 0 , 0 0 0  cpm in 0*1 m i )  was added to  each 

tube fo l lo w e d  by an t is eru m  (0*1 ml;  work ing d i l u t i o n  o f  1 : 1 2 , 5 0 0 ) ,  

which was o m i t te d  from the TC and NSB tubes.  The contents  o f  each 

tube were mixed th ro u g h ly ,  and the tubes were covered and incubated  

o v e r n ig h t  a t  4*C.  The f i n a l  assay layout  was as f o l l o w s :

TC 0 • 1ml [3H1P4 + 0*8ml b u f f e r

NSB 0 * 1ml [3H1P4 + 0*6ml b u f f e r

TB 0*1ml [ 3 H] P4  + 0*5ml b u f f e r  + 0*1ml an t ise ru m

STANDARDS 0*1ml [3H1P4 + 0*5ml (6 *25 -4 00 p g )P 4  + 0*1ml an t iserum

QCs and SAMPLE 0*1ml [3H1P4 + 0*5ml QC or sample + 0*1ml a n t i  serum

A f t e r  in c u b a t io n ,  ice co ld  d e x t ran  a c t i v a t e d  charcoal  

suspension ( 0 * 2  ml)  was added to  a l l  tubes except  the TC. The tubes  

were v o r t e x  mixed and incubated f o r  15 min a t  4*C p r i o r  to  

c e n t r i f u g i n g  a t  2400 rpm (500  g)  f o r  10 min a t  4*C.  The 

s u p ern a ta n ts  were decanted in to  s c i n t i l l a t i o n  v i a l s  c o n t a in in g  4 ml
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F ig u re  2 .3 .  T yp ica l progesterone assay standard curve w ith  

standards over the range 6 *25 -400  pg. The curve is  p lo tte d  as X 

bound * ag a in s t the log o f the  mass o f  progesterone. The standard  

dose response curve fo r  the progesterone RIA ( •  • )  is  compared w ith

s e r ia l  d ilu t io n s  o f  u rin e  from  the b lack  (o - —o ) and the w h ite  

rh inoceros during  the p o s t-o e s tru s  p e r io d .
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s c i n t i l l a t i o n  f l u i d ,  mixed and a l low ed  to  e q u i l i b r a t e  f o r  1h b e fo re  

r a d i o a c t i v i t y  was counted f o r  3 min.

2 .9 .4  Assay e va lu a tio n

A t y p i c a l  s tandard curve ,  o b ta in e d  by p l o t t i n g  8 / B 0 a g a in s t  

mass (p g )  progesterone s tandard on a l o g a r i t h m i c  s c a l e ,  is shown in 

F i g .  2 . 3 .  Values o f  progesterone  in samples were c a l c u l a t e d  from  

the s ta ndard  curve ,  i n i t i a l l y  as p g / t u b e ,  and then transformed to  

ng/mgCr . S e r i a l  d i l u t i o n s  o f  u r in e  c o l l e c t e d  from female b lac k  and 

n o r th e r n  w h i te  rh in ocero ses  d ur in g  the p o s t - o e s t r u s  p er io d  gave 

disp lacement  curves p a r a l l e l  to t h a t  o b ta in e d  w i t h  progesterone  

standards  ( F i g .  2 . 3 ) .

The s e n s i t i v i t y  o f  the assay,  determined  a t  90% b in d in g  was 

7 * 0 p g / t u b e  or 14 p g / m l . The accuracy o f  the  assay was determined by 

adding v a ry in g  amounts o f  u n l a b e l l e d  progesterone  ( 6 * 2 5 - 4 0 0 p g )  to  

0 *5  ml volumes o f  e x t r a c t e d  b lack  and w h i t e  r h in o ce ro s  u r i n e  poo ls ,  

c o n t a i n i n g  low l e v e l s  o f  endogenous hormone. The samples were 

assayed and mean+s.e.m r e c o v e r ie s  o f  added progestero ne  were 

102*8+1*6% and 82 .8+3.7% r e s p e c t i v e l y .  I n t r a - a s s a y  p r e c i s i o n  was 

determ ined by repeated  measurement o f  a sample prepared  from  

pooled  b lac k  rh inoceros  u r i n e  which had p r e v io u s l y  been

; e x t r a c t e d .  The i n t r a - a s s a y  C o f  V was found to be 7*2% ( n = 4 5 ) .  

I n t e r - a s s a y  p r e c is io n  was c a l c u l a t e d  by d e te rm in in g  the C o f  V o f  

measurement o f  a QC (which gave a va lu e  o f  ap p ro x im ate ly  60% bound)  

in each assay and was found to be 11*4% ( n = 5 ) .

2 .1 0  RADIOIMMUNOASSAY FOR OESTRONE CONJUGATES

Conjugated oes trone  was measured using  the d i r e c t  assay o f  

Hodges and Eastman ( 1 984 )  and Hodges e t  a l .  ( 1 9 8 4 ) .  F o l lo w in g  

r e s u l t s  o b ta ined  by s e q u e n t ia l  h y d r o ly s i s  o f  oes trone  conjugates  in 

t h i s  s tud y ,  and r e s u l t s  ob ta in ed  by Ramsay e t  a l .  ( 1 9 8 7 ) ,  o e s t r o n e -  

3 - g Iu c u r o n i d e  standards and t r a c e r  were used to  measure oes trone  

con ju gates  in rh inoceros  u r i n e .
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2 .1 0 .1  Assay reagents

For the assay o f  oes trone  co n ju g a te s ,  the assay b u f f e r  was 

t r i c i n e  b u f f e r e d  s a l i n e  (TBS; pH 7 *0 ;  A ppend ix ) .  The an t is erum  

used in t h i s  assay was r a i s e d  in a r a b b i t  a g a in s t  o e s t r o n e - 3 -  

g lu c u r o n id e  conjugated  to  bovine  serum albumen ( D r .  P.Samarajeewa,  

Dept .  Biochem.,  UCL, London), and was s to re d  a t  - 2 0 *C  in 50pl 

a l i q u o t s  a t  a d i l u t i o n  1 :75 .  Using o e s t r o n e - 3 - g Iu curon id e  as a 

s ta n d a r d ,  the major  r e a c t i n g  s t e r o i d s  were d escr ib ed  by Hodges and 

Eastman ( 1 9 8 4 )  as oes t rone  ( 1 2 6 X ) ,  o e s t r o n e - 3 - s u Ip hate  (1 0 0 X ) ,

o e s t r o n e - 2 - g Iucuronid e  (84X)  and o e s t r o n e - 17 - s u Ip h a t e  ( 5 * 4 X ) .

T r i t i a t e d  o e s t r o n e - 3 - g Iu curon id e  ( I 3 H]E iG) was d i l u t e d  to  50 

pCi/ml  in to Iu en e: ethanoI  ( 9 : 1 )  and s to r e d  a t  - 2 0 * C .  An a l i q u o t  was 

d r i e d  down under n i t r o g e n  and r e c o n s t i t u t e d  in an a p p r o p r i a t e  amount 

o f  b u f f e r ,  to g iv e  a s o l u t i o n  c o n t a i n in g  10,000 cpm/0* I  m l .

Oestrcne-3-g I ucuron i de standards  ( e s t r o n e  B -D -g Iu cu ro n id e ;  

MW=446*5; Sigma Chemical Co. E I7 5 2 )  were double d i l u t e d  over a 

range o f  2 -0 *0 3 1 3  ng /0*1  ml ( 2 0 - 0 * 3 1 3  n g / m l ) a f t e r  the i n i t i a l

d i l u t i o n  o f  a stock  s o l u t i o n  o f  1 (ig/ml b u f f e r .  A QC was prepared  

f rom d i l u t e d ,  human u r in e  and s to re d  in 0*1 ml a l i q u o t s  a t  -2 0 * C .

Free  and ant ibody-bound  conju gated  oestrone  were separa ted  

using a dextran  a c t i v a t e d  charcoal  suspension c o n t a i n i n g  IX 

a c t i v a t e d  charcoal  and 0* IX dex t ra n  T -7 0  in b u f f e r ,  i e .  2 *0  g

characoal  and 0 *2  g dex t ran  T -70  in 200 ml b u f f e r .

2 .1 0 .2  Assay protocol

Standards were prepared  in t r i p l i c a t e  over the range o f  2 * 0 -  

0*0 313  ng/0*1 ml ,  a long  w i t h  t o t a l  count  (TC) and n o n - s p e c i f i c

b in d in g  (NSB) tubes.  T o ta l  b in d in g  (TB) and QC tubes (0*1  ml)  were  

in c lu ded in d u p l i c a t e .  R a d io la be l  ( 1 0 , 0 0 0  cpm in 0*1 m l)  was added 

to  each tube;  an t iserum  (0 *1  ml; work ing d i l u t i o n  o f  1 : 1 5 , 0 0 0 )  was 

added to a l l  tubes except  TC and NSB tubes .  The contents  o f  each
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tube was mixed t h r o u g h ly ,  and the tubes covered and incubated  

o ve r n ig h t  a t  4*C.  The f i n a l  assay layout  was as f o l l o w s :

STANDARDS 0*1ml [3H]EiG + 0 * 1ml ( 0 * 0 3 1 3 - 2 * 0 n g ) E iG  + 0 - Iml an t iserum  

QCs and

SAMPLES 0*1ml [3 H lE iG  + 0*1ml QC or sample + 0*1ml an t iserum

A f t e r  in c u b a t io n ,  ice co ld  dex t ran  a c t i v a t e d  charcoal  

suspension ( 0 * 2  m l)  was added to  a l l  tubes except  the TC. The tubes 

were vo r te x  mixed and incubated f o r  15 min a t  4*C p r i o r  to  

c e n t r i f u g i n g  a t  2400 rpm (500  g) f o r  10 min a t  4*C.  The 

supernatan ts  were decanted in to  s c i n t i l l a t i o n  v i a l s  c o n t a in in g  4ml 

s c i n t i l l a t i o n  f l u i d ,  mixed and a l lo w ed  to e q u i l i b r a t e  f o r  1h b e fo re  

r a d i o a c t i v i t y  was counted f o r  3 min.

2 . 1 0 . 3  Assay e v a l u a t i o n

A t y p i c a l  s tandard  curve ,  o b ta in ed  by p l o t t i n g  B/B0ag a in s t  

mass (pg)  oes trone  g lu cu ro n id e  s tandard  on a lo g a r i t h m ic  s c a l e ,  is  

shown in F i g .  2 . 4 .  Values o f  conjugated  oes t rone  in samples were 

c a l c u l a t e d  from the s tandard  curve i n i t i a l l y  as p g / t u b e ,  and then 

t ransformed to ng/mgCr. S e r i a l  d i l u t i o n s  o f  u r i n e  c o l l e c t e d  on the  

day p r i o r  to o e s t ru s  from female b la c k  and n or the rn  w h i te  

rh in ocero ses  gave d isplacement  curves p a r a l l e l  to  t h a t  ob ta in ed  

w i t h  w i t h  oestro ne  g lu c u ro n id e  standards  to  assume the assay f u l l y  

v a l i d a t e d  f o r  the measurement o f  o es t rone  g lu c u ro n id e  in rh in oceros  

ur ine ( F i g .  2 . 4 ) .

The s e n s i t i v i t y  o f  the  assay ,  determined  a t  90% b in d in g  was 70 

p g / tu b e  or 0 *7  n g / m l . The accuracy o f  the assay was determined by 

adding v a ry in g  amounts o f  un label  led oes trone  g lu cu ro n id e  ( 0 * 3 1 3 -  

20 ng) to 0*1 ml u n d i l u t e d  b la c k  and w h i t e  r h in o cero s  u r i n e  pools ,  

c o n ta in in g  low le v e l s  o f  endogenous hormone. The samples were

TC 0 * 1ml [3H lE iG  + 0*7ml b u f f e r

0 * 1ml [3H3EiG + 0*2ml b u f f e r

0*1ml [3H ]E iG  + 0*1ml b u f f e r  + 0*1ml a n t is erum

NSB

TB
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F igure  2 .4 .  Typ ica l oestrone conjugate assay standard curve w ith  

oestrone g lucuronide standards over the range 6 *25 -4 0 0  pg. The 

curve * is  p lo tte d  as % bound ag a in s t the log o f the mass o f oestrone  

g lu cu ro n id e . The standard dose response curve fo r  the oestrone  

conjugate RIA ( •  a) is  compared w ith  s e r ia l  d i lu t io n s  o f  u rin e  from  

the b lack  (o— o ) and the w h ite  rh inoceros (*■ * )  on the day p r io r  to  

o e s tru s .
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assayed and mean+s.e.m r e c o v e r i e s  o f  added oes trone  g lu cu ro n id e  were 

98 .4 +1 .1 %  and 92 .8+2 .7%  r e s p e c t i v e l y .  I n t r a - a s s a y  p r e c i s i o n  was 

determ ined by repea ted  measurement o f  a sample prepared from pooled  

b la c k  r h in o ce ro s  u r i n e .  The i n t r a - a s s a y  C o f  V was found to  be 

10*6% ( / t=4 5 ) .  I n t e r - a s s a y  p r e c i s i o n  was c a l c u l a t e d  by d e te rm in in g  

the C o f  V o f  measurement o f  a QC (which  gave a va lu e  o f  

ap p r o x im a te ly  55% bound) in each assay and was found to  be 13*2% 

( n = 5 ) .

2.11 RADIOIMMUNOASSAY FOR OESTRADIOL-170

Oestrad i o I -170  in hydro lysed  u r i n e  samples was measured by 

io d in a t e d  radioimmunoassay accord ing  to the  method described  by 

Shaw, Hi I H e r  and Hodges ( 1 9 8 9 ) .

2 .1 1 .1  Assay reagents

For the assay o f  o e s t r a d i o I - 1 7 0 ,  the assay b u f f e r  was WHO 

b u f f e r .  The a n t i - o e s t r a d i o I -170  serum used in t h i s  assay was ra is e d  

in a r a b b i t  a g a in s t  o e s t r a d i o I - 1 10 -succ iny I  BSA (Med ical  Research  

C o u n c i l ,  Edinburgh,  S c o t l a n d ) ,  and was s to r e d  a t  - 2 0 * C i n  100 pi

a l i q u o t s  a t  a d i l u t i o n  o f  1 :100 .  Shaw e t  a l .  ( 1 9 8 9 )  re p o r ted  

o es t ro n e  to  be the on ly  s t e r o i d  which cross r e a c t s  s i g n i f i c a n t l y  

(8%) w i t h  the an t ise ru m ,  a l l  o th e r  s t e r o i d $ t e s t e d  cross r eac ted  less  

than 0*1% by mass. For t h i s  study the cross r e a c t i o n  o f  o e s t r a d i o l -  

17a w i t h  the o e s t r a d i o l - 1 7 0  a n t is e ru m  was determined as 27%. The 

second a nt ib ody  was donkey a n t i - r a b b i t  gamma g l o b u l i n  (donated by 

P r o f .  G . R . F o x c r o f t , U n i .  Nott ingham, School o f  A g r i c u l t u r e ,  

Loughborough) which was added in combinat ion w i t h  normal r a b b i t  

serum (Regal R ab b i ts ,  Great  Bookham, S u r r e y ) .

Io d in a t e d  o e s t r a d i o l - 1 7 0  ( c125 J JE2 ; 1 7 0 - o e s t r a d i o l - 1 1 a -

t y r o s i n e  methyl e s t e r - , 2 5 I ;  MRC Edinburgh)  prepared  from 170 

o e s t r a d i o I - 1 l a - s u c c i n y I - t y r o s i n e  methyl  e s t e r  accord ing  to  the  

method o f  Greenwood , Hunter  and Glover ( 1 9 6 3 ) ,  was the label  in 

the assay .  The o r i g i n a l  supply was s to re d  a t  4*C and an a l i q u o t
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was d r i e d  down under n i t r o g e n  and r e c o n s t i t u t e d  in b u f f e r  to  g ive  a 

s o l u t i o n  c o n ta in in g  10,000 cpm/ 0*1 ml .

O e s t r a d i o l - 1 7 0  standards (MW=272*4; Sigma Chemical Co. E8875)  

were d i l u t e d  over the range o f  4 0 0 - 3 * 1 5  pg /0 *1  ml ( 4 - 0 * 0 3 1 5  n g /m l ) 

f rom a stock  s o l u t i o n  o f  4 ng/ml b u f f e r .  A QC was prepared from  

h ydro ly sed  and e x t r a c t e d  u r i n e ,  c o l l e c t e d  from a n o r th e rn  w h i te  

rh in o c e r o s  on the day o f  o e s t r u s ,  and s to re d  in 0*1 ml a l i q u o t s  a t  -  

20*C.

Free  and ant ibody-bound s t e r o i d  were s epara ted  using  a m ix tu re  

o f  0*9% s a l i n e  and 0*2% t r i t o n  X -1 00  in b u f f e r .

2 . 1 1 . 2  Sample p r e p a r a t i o n

U r in e  samples ( 0 * 0 5  ml )  were hydro lysed w i t h  0 - g l u c u r o n i d a s e -  

a r y I - s u I p h a t a s e  and e x t r a c t e d  w i t h  d i e t h y l  e t h e r  p r i o r  to  assay f o r  

o e s t r a d i o l - 1 7 0 .  Procedural  losses d u r in g  the  e x t r a c t i o n  were 

monitored  by the a d d i t i o n  o f  t r a c e r  amounts o f  [ 3 H l o e s t r a d i o l - 1 7 0  to  

each sample p r i o r  to  e x t r a c t i o n .  Recoveries  were 9 0 * 6 t 1*3% 

(m e a n is .e .m ,  n=136) ,  and in d i v i d u a l  r e c o v e r i e s  were used to  c o r r e c t  

f o r  procedura l  losses when c a l c u l a t i n g  the  f i n a l  c o n c e n t r a t io n  o f  

o e s t r a d i o l - 1 7 0  in u r i n e .  H y d r o ly s is  e f f i c i e n c i e s  were determined in 

t r i p l i c a t e  by adding t r a c e r  amounts o f  [3H lo e s t r o n e  su lp h ate  and 

t 3 H1EiG to  0*05  ml rh in o cero s  u r i n e  p o o l ,  hydro lysed  and e x t r a c t e d  

as above. Recoveries were 76*2 i3 *3% and 79*3+1*2% ( m e a n is .e .m . ,  

n = l 6 )  r e s p e c t i v e l y .

2 . 1 1 . 3  Assay pro to co l

Standards were prepared in t r i p l i c a t e  over the range o f  40 0 -  

3*15  pg /0 *1  ml ,  a long w i t h  t o t a l  count  (TC) and n o n - s p e c i f i c  b in d in g  

(NSB) tubes .  To ta l  b in d in g  (TB) and QC tubes (0*1  ml)  were included  

in d u p l i c a t e .  Rad io labe l  ( 1 0 , 0 0 0  cpm in 0*1 m l )  was added to  each 

tube;  an t iseru m  (0*1 ml;  working d i l u t i o n  o f  1 : 1 0 ,0 0 0 )  was added to  

a l l  tubes except  TC and NSB. The conten ts  o f  each tube were mixed
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th o ro u g h ly ,  and the tubes were covered and incubated a t  room 

temperature  f o r  3 h. The f i n a l  assay layout  was as f o l l o w s :

TC

NSB

TB

STANDARDS 

QCs and 

SAMPLES

0 * 1ml [12 5 1 ] E2

0*1ml [125J]E2 + 0*2ml b u f f e r

O’ lml [ 1 2 5 1 ] ^ 2  + 0*1ml b u f f e r  + 0*1ml an t is e ru m

0 * Iml £ 1 2  5 1 ] E2  + 0*1ml ( 3 * !5-400pg)E2  + 0*1ml an t iserum

0*1ml £12 5 1 ] E2 + 0*1ml QC or sample + 0 * Iml an t iserum

A f t e r  in c u b a t io n ,  normal r a b b i t  serum (0*1 ml ,  1 : 8 , 0 0 0 )  and 

donkey a n t i - r a b b i t  gamma g l o b u l i n  (0 *1  ml ,  1 :40 )  was added to a l l  

tubes except  the TC. The tubes were v o r t e x  mixed and incubated  

o v e r n ig h t  a t  4*C.  S e p a ra t io n  was ach ieved  by the a d d i t i o n  o f  1*0 mi 

s a l i n e  and t r i t o n  X-100  m ix t u r e  p r i o r  to  c e n t r i f u g i n g  a t  2400 rpm 

(500  g) f o r  30 min a t  4*C.  The sup ern atan ts  were removed by 

a s p i r a t i o n  and r a d i o a c t i v i t y  in the p r e c i p i t a t e  counted on a Cobra-  

QC auto-gamma counting  system (Packard 5 0 0 5 ) .

2 .1 1 .3  Assay e va lu a tio n

A t y p i c a l  s tandard  curve ,  o b ta in ed  by p l o t t i n g  B/B0 a g a in s t  

mass (p g )  o e s t r a d i o l - 1 7 0  on a l o g a r i t h m ic  s c a l e ,  is shown in F i g .  

2 . 5 .  Values o f  o e s t r a d i o l - 1 7 0  in samples were c a l c u l a t e d  from the  

s tan dard  curve ,  i n i t i a l l y  as p g / t u b e ,  and then transformed to  

ng/mgCr. S e r i a l  d i l u t i o n s  o f  hydro lysed  and e x t r a c t e d  u r in e  

c o l l e c t e d  on the day p r i o r  to  o e s t r u s  from female  n o r th e rn  w h i te  

rh in o c ero se s  gave d isp lacement  curves p a r a l l e l  to  t h a t  o b ta in e d  w i t h  

the o e s t r a d i o l - 1 7 0  s tandards ( F i g .  2 . 5 ) .

The s e n s i t i v i t y  o f  the assay ,  determined  a t  90X b in d in g ,  was 

3 * 8 p g / t u b e  or 38 p g / m l . The accuracy  o f  the assay was determined by 

adding  v a ry in g  amounts o f  u n l a b e l l e d  o e s t r a d i o l - 1 7 0  ( 3 * l 5 - 4 0 0 p g )  to  

0*1 ml volumes o f  hydro lysed  and e x t r a c t e d  w h i t e  r h in o ce ro s  u r in e  

p o o l ,  c o n ta in in g  low l e v e l s  o f  endogenous hormone. The samples were 

assayed and m eanis .e .m  r e c o v e r i e s  o f  added o e s t r a d i o l - 1 7 0  were
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F igure  2 .5 .  T yp ica l o e s tra d io l-1 7 0  assay standard curve w ith  

standards over the range 3 *15 -400  pg. The curve is  p lo tte d  as X 

bound'against the log o f the mass o f o e s tra d io l-1 7 0 . The standard  

dose response curve fo r  the o e s tra d io l-1 7 0  RIA ( • — •  ) is  compared 

w ith  s e r ia l  d i lu t io n s  o f u r in e  from the w h ite  rh inoceroses </»=2) on 

the day p r io r  to  o e s tru s .

100-

gO-

8 0 '

70-

60-

50-

4 0 -

30-

20-

Doubling dilutions of urine4



1 to

102*4+1*7%. I n t r a - a s s a y  p r e c i s i o n  was determined by repeated  

measurement o f  a sample prepared  from pooled w h i t e  rh in o cero s  u r in e  

which had p r e v io u s ly  been hydro lysed and e x t r a c t e d .  The in t r a - a s s a y  

C o f  V was found to be 9*0% ( n = 4 5 ) .  In te i—assay p r e c is i o n  was

c a l c u l a t e d  by de te rm in in g  the C o f  V o f  measurement o f  a QC (which  

gave a va lue  o f  ap p ro x im ate ly  50% bound) in each assay and was found 

to  be 10*9% ( n = l 1 ) .

2 .1 2  ENZYME-IMMUNOASSAY FOR PREGNANEDI0L-3a-GLUCUR0NIDE

U r i n a r y  PdG was measured by the d i r e c t  EIA system described  by 

Hodges and Green ( 1 9 8 9 ) .

2 . 1 2 . 1  Assay m a t e r i a l s  and reagents

For the assay o f  PdG, the assay b u f f e r  was PAS gel b u f f e r .  

The a n t i -P d G  serum was ra is e d  in a r a b b i t  a g a in s t  p r e g n a n e d io I - 3 a -  

g lu c u ro n id e  conjugated to BSA. The IgG f r a c t i o n  was obta in ed  by 

p u r i f i c a t i o n  on a p r o t e i n  A column (Pharmac ia )  f o l lo w e d  by d i a l y s i s  

and c o n c e n t ra t io n  using e th y le n e  g l y c o l .  The an t is e ru m  is described  

by Hodges and Green (1989 )  as showing s i g n i f i c a n t  cross r e a c t i o n  

w i t h  50 -pregnanedio I  (45*1% ) ,  2 0 a -d ih y d ro prog e s te ro n e  (12*1% ) ,  50 -

pregnanedione (4 *1 % ) ,  17a -h y d ro x y p ro g e s te ro n e , 5 0 - p r e g n a n e t r i o I  and

o e s t r a d i o I  - 1 7 -g Iu c u r o n id e  (0*1%) in t h i s  system.

The enzyme label  f o r  the assay was p r e g n e n d io I - 3 a - g I u c u r o n i d e  

co n jugated  to a l k a l i n e  phosphatase (EC 3 . I . 3 . I ;  type V I I I - T ;  Sigma 

Chemical C o . )  a t  a s t e r o i d  : enzyme molar r a t i o  o f  10:1 ,  by the

a c t i v e  e s t e r  technique o f  Sauer e t  a l .  ( 1 9 8 6 ) .  The enzyme label  was 

d i a l y s e d  a g a in s t  0*1 M PBS and s to re d  a t  4*C in PBS c o n t a in in g  0*1% 

g e l a t i n  and sodium a z i d e .  Enzyme s u b s t r a t e  was p - n i t r o p h e n y I  

phosphate disodium ( 0 * 1 3  g; Sigma 104) d is s o lv e d  in 24 ml 

d ie th a n o I  amine b u f f e r  (Append ix ) .

PdG standards ( 50 -p re g na n -17a ,  2 0 a - d io I - 3 a - g Iu c u p io n id e ,

MW=495*6; Sigma P3635)  were double d i l u t e d  over a range o f  1600-
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12*5 pg /0*1  ml ( 1 6 - 0 * 1 2 5  n g /m l )  from a s tock  s o l u t i o n  o f  16 ng/ml  

b u f f e r .  A QC was prepared  by d i l u t i n g  u r i n e  c o l l e c t e d  from an 

In d ian  rh in o c ero s  d u r in g  l a t e  pregnancy and s to r e d  a t  - 2 0 *C  in 0*1 

ml a I i  q u o ts .

2 . 1 2 . 2  C oat ing  o f  m i c r o t i t r e  p l a t e s

W ei ls  on a m i c r o t i r e  p l a t e  were coated w i t h  0 *2  ml PdG IgG 

( 1 : 1 0 , 0 0 0 )  in sodium a c e t a t e  b u f f e r .  P l a t e s  were incubated in a 

humid chamber o v e r n ig h t  a t  4*C.  The p l a t e s  were then emptied by 

in ve rs io n  and each w e l l  f i l l e d  w i t h  0 * 4  ml PAS gel b u f f e r ,  covered  

w i t h  po ly thene  f i l m  and s to re d  a t  4*C,  under which c o n d i t io n s  they  

w i l l  remain s t a b l e  f o r  a t  l e a s t  6 months .

2 . 1 2 . 3  Assay p ro to co l

PdG s tan d ard s ,  d i l u t e d  over the range 1600 -12*5  p g / 0 * 1 ml ,  and 

0*1 ml PAS gel b u f f e r  ( z e r o s ) ,  QCs and samples were p i p e t t e d  in to  

c le a n ,  g lass  t e s t  tubes .  Enzyme conjugate  ( 0 * 4  ml;  1 : 1 0 , 0 0 0 )  was 

added to each tube and the conten ts  mixed t h r o u g h ly .  Zeros ( Z ) ,  

standards  ( S I - S 8 ) ,  QCs and samples (UK) ( 0 * 2  ml each)  were p i p e t t e d  

in to  d u p l i c a t e  w e l l s  in columns across  the m i c r o t i t r e  p l a t e .  Two 

w e l l s  remained empty to  re p r e s e n t  b lanks  ( B ) .  The p l a t e  was covered  

w i t h  po ly th ene  f i l m  and incubated a t  room temperatu re  f o r  3 h in a 

humid chamber. The f i n a l  assay layout  on the m i c r o t i t r e  p l a t e  is  

shown below.

1 2 3 4 5

A B B S7 S7

B Z Z S8 S8

C SI SI QC QC

D S2 S2 UK1 UK1

E S3 S3 UK2 UK2

F S4 S4 UK3 UK3

G S5 S5 UK4 UK4

H S6 S6 UK5 UK5 e t c .
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F ig u re  2 .6 .  T yp ica l PdG assay standard curve w ith  standards over 

the range 12*5-1600 pg. The curve is  p lo tte d  as X bound ag a in s t the 

log o f the mass o f PdG. The standard dose response curve fo r  the 

PdG EIA (# —■■») is  compared w ith  s e r ia l  d i lu t io n s  o f u rin e  from the  

b lack  Co— o ) ,  w h ite  ( * — a ) and In d ian  ( A  * )  rh inoceroses during mid 

to  la te  g e s ta t io n .
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A f t e r  in c u b a t io n ,  the p l a t e  was emptied by in v e r s io n ,  to  

sep ara te  the ant ibody-bound and unbound PdG, and washed fo u r  t imes  

w i t h  PAS gel b u f f e r .  Enzyme s u b s t r a t e  ( 0 * 2  ml)  was added to  each 

w ell  on the p l a t e ,  and incubated a t  room tem perature  f o r  30 min.  

The r e a c t i o n  was te rm in a te d  w i t h  3 M sodium hydrox ide  s o l u t i o n  ( 0 *0 5  

m l /  w e l l ) ,  and absorbance was measured a t  410 nm using  a m ic r o p la t e  

r e a d e r .  A f t e r  s u b t r a c t i n g  b lan k  v a lu e s ,  the system transformed  

read in gs  o f  o p t i c a l  d e n s i t y  ( O . D . )  i n t o  ng/ml u r i n e  from a standard  

curve p l o t t e d  from O.D.  a g a i n s t  c o n c e n t r a t io n  PdG. For each assay,  

a s tandard  curve was co n s t ru c te d  by hand, by p l o t t i n g  B/B0 ag a in s t  

mass (pg )  PdG, to  determ ine  the s e n s i t i v i t y  o f  the assay a t  90X 

b i nd i ng .

2 . 1 2 . 4  Assay e v a l u a t i o n

A t y p i c a l  s tandard  curve ,  o b ta in ed  by p l o t t i n g  B/B0 aga in s t  

mass (pg)  PdG on a lo g a r i t h m i c  s c a l e ,  is shown in F i g .  2 . 6 .  S e r i a l  

d i l u t i o n s  o f  u r in e  c o l l e c t e d  du r ing  l a t e  pregnancy in In d ia n ,  b lack  

and w h i t e  rh inoceroses  gave d isplacement  curves p a r a l l e l  to  th a t  

ob ta in ed  w i t h  PdG standards ( F i g .  2 . 6 ) .  The i d e n t i f i c a t i o n  o f  a 

s i n g l e  peak o f  im m unoreac t iv i ty  in u r i n e ,  c o l l e c t e d  from m i d - l a t e  

pregnant  In d ia n ,  b la c k  and w h i t e  rh in o c e ro s e s ,  c o - e l u t i n g  w i t h  the  

PdG standard  on HPLC f u r t h e r  v a l i d a t e d  t h i s  assay (see  chapter  4 ) .

The s e n s i t i v i t y  o f  the assay ,  determined a t  90X b in d in g  was 25 

pg / tu be  or  10 ng /m l.  The accuracy o f  the assay was determined by 

adding v a r y in g  amounts o f  u n l a b e l l e d  PdG ( 1 6 0 0 - 1 2 * 5  pg)  to  0*1 ml 

volumes o f  b la ck  and w h i t e  r h in o cero s  u r i n e  p o o ls ,  c o n t a in i n g  low 

l e v e l s  o f  endogenous hormone. The samples were assayed and 

m eanis .e .m  r e c o v e r ie s  o f  added PdG were 1 01*5 t1 *3X  and 107*8 l3 *2X  

r e s p e c t i v e l y .  I n t r a - a s s a y  p r e c i s i o n  was determined  by repeated  

measurement o f  a sample prepared  from pooled In d ia n  r h in o c ero s  u r in e  

on one p l a t e .  The i n t r a - a s s a y  C o f  V was found to  be 9*4X ( n = 3 0 ) .  

I n t e r - a s s a y  p r e c is io n  was c a l c u l a t e d  by d e te rm in in g  the C o f  V o f  

measurement o f  a QC (which  gave a v a lu e  o f  ap p ro x im ate ly  45X bound) 

in each assay and was found to  be 9 * IX ( n = 2 9 ) .
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2 . 1 3  ENZYME-1MUJNOASSAY FOR 20a-D I HYDROPROGESTERONE

In ord er  to  measure 20o-DHP in t h i s  s tu dy ,  a he te ro logous ,  

m i c r o t i t r e  p l a t e ,  EIA was developed ,  based on the procedure  

descr ibed  by Meyer and Hoffmann ( 1 9 8 7 ) .  The assay u t i l i s e d  a 20a -  

DHP a n t i  serum and an enzyme label  o f  20a-DHP conjugated to  horse  

ra d is h  p erox idase .

2 . 1 3 . 1  Sample p r e p a r a t i o n

U r ine  samples ( 0 * 0 5  m l )  were hydro lysed  w i t h  & -g Iu c u ro n id a s e -  

a r y I - s u I p h a t a s e  and e x t r a c t e d  w i t h  d i e t h y l  e t h e r ,  p r i o r  to  assay f o r  

20a-DHP. Procedural  losses dur in g  the e x t r a c t i o n  were monitored  

by the a d d i t i o n  o f  t r a c e r  amounts o f  I 3 HJ20a-DHP to  each sample 

p r i o r  to e x t r a c t i o n .  Recoveries were 87*041*3% (m ean is .e .m ,  n = l 8 0 ) ,  

and i n d iv id u a l  re c o v e r ie s  were used to  c o r r e c t  f o r  procedural  losses  

when c a l c u l a t i n g  the f i n a l  c o n c e n t ra t io n  o f  20a-DHP in u r i n e .  

H yd r o ly s is  e f f i c i e n c i e s  were determined  in t r i p l i c a t e  by adding  

t r a c e r  amounts o f  [3 H lo e s t ro n e  su lp h a te  and [3H]PdG r e s p e c / t i v e I y  to  

0*05 ml u r i n e  p o o l ,  hydro lysed and e x t r a c t e d  as above.  Recover ies  

were 81*042*4% and 78*2+1.5% (mean4s. e . m . , n=24) r e s p e c t i v e l y .

2 . 1 3 . 2  Assay reagents

For the assay o f  20a-DHP, the assay b u f f e r  was t r i s  b u f f e r .

2 . 1 3 . 2 . 1  P r e p a r a t i o n  o f  c o a t in g  an t ib ody

The c o a t in g  a n t ib o d y  was a n o n - s p e c i f i c  sheep a n t i - r a b b i t  

gamma g l o b u l i n  ( I g G ) ,  p u r i f i e d  from sheep plasma using a P r o t e in  G 

sepharose 4 f a s t  f l o w  column (MAbTrap G; Pharmacia,  Uppsala,  

Sweden) accord ing  to  the method o f  N i l s s o n ,  Myhre,  K ro n va l I  and 

Sjogren ( 1 9 8 2 ) .  P r o t e i n  G binds on ly  IgG and i t s  subc lasses ,  and is  

t h e r e f o r e  e f f e c t i v e  in s e p a r a t in g  out  IgA, IgM, IgD and albumin  

which may bind to o th e r  a f f i n i t y  g e l s .  Plasma (2  ml)  was 

c e n t r i f u g e d  f o r  10 min and f i l t e r e d  through a 0 . 2 2  pm f i l t e r
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( W a t e r s ) .  The f i l t r a t e  was d i l u t e d  w i t h  2 ml b in d in g  b u f f e r  (0*2M  

sodium phosphate, pH 7 * 0 )  and a p p l i e d  to  the column, p r e v io u s ly  

e q u i l i b r a t e d  w i t h  b in d in g  b u f f e r  (30  m l ) .  The sample was a l lowed  to  

absorb i n t o  the g e l ,  and unbound p r o t e i n s  were e l u t e d  w i t h  a f u r t h e r  

30 ml b in d in g  b u f f e r .  The bound IgG was e l u t e d  from the column w i t h  

e l u t i o n  b u f f e r  (15  ml;  1*0 M g ly c in e -H C L ,  pH2»7) ,  and the  ant ibody  

f r a c t i o n  was c o l l e c t e d  in to  prepared t e s t - t u b e s .  The c o n c e n t ra t io n  

o f  IgG in each f r a c t i o n  was measured by absorbance a t  280 nm (Pye 

unicam SP-550 UV/V is  spec trophoto meter;  P h i l i p s ) .  The f r a c t i o n s  

c o n t a in i n g  the h ig h es t  c o n c e n t r a t io n s  o f  IgG were pooled,  the f i n a l  

c o n c e n t r a t io n  recorded and a l i q u o t s  s to re d  a t  - 2 0 * C .

2 . 1 3 . 2 . 2  P r e p a ra t io n  o f  20ot-DHP ant ibody

The an t ib ody  was donated by Or.  M .J .P e d d ie  (D e p t .  Phys. and 

Ph arm ., Un iv .  Southampton) .  New Zealand w h i t e  r a b b i t s  were i n je c t e d  

i n t ra -d e rm a  I I y w i t h  250 pg o f  20a-DHP conjugated  a t  C3 to bovine  

serum albumen (BSA) through carboxymethyI  oxime (CMO) (4 - p r e g n e n -  

2 0 a - o l - 3 - o n e  CMO:BSA; S t e r a l o i d s  I n c . ,  W i l t o n ,  USA; R e f .  Q3606;  

28-30  moles s t e r o id /m o le  BSA) in a 5 0 :50  emulsion o f  0*9% s a l i n e  : 

complete F reund 's  ad ju van t  ( D i f c o ) .  Second and t h i r d  b o o s te r ,  

i n j e c t i o n s  (100 pg each)  were given  a t  6 and 8 weeks a f t e r  the  

p r im ary  i n j e c t i o n .  The r a b b i t s  were b le d  from the ear  ve in  a t  10 

weeks, and then re- immunized f o r  subsequent b le e d s .  The blood was 

c e n t r i f u g e d ,  serum a l i q u o t e d  i n t o  in d i v i d u a l  p l a s t i c  v i a l s  and 

s t o r e d  a t  

- 2 0 * C .

2 . 1 3 . 2 . 3  P re p a r a t io n  o f  enzyme co njugate

The enzyme label  was h o rsera d ish  p erox id ase  (HRP) conjugated  

to 20oc-DHP using the m o d i f ie d  mixed a c id  an hydr id e  procedure o f  

Liebermann, Er l  anger,  B e iser  and Agate ( 1 9 5 9 ) .

HRP ( 2 * 5  mg; Type V I ;  Sigma P8375)  was d is s o lv e d  in 0 * 4  ml 

d i s t i l l e d  water  and cooled on ice to  0*C .  DimethyIformami de
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( 0 * 3 7 5 m l ;  Sigma) was added s lo w ly  to the enzyme s o l u t i o n  w h i l s t  

g e n t l y  shaking by hand. Meanwhi le,  20a-DHP ( 0 * 2 5  mg) was d is so lve d  

in 0 *5  ml d imethy I formami de in a small  c o n ic a l  f l a s k  which was 

placed  in a beaker surrounded by s a l t - i c e .  MethyImorphine ( 6 * 2 5  p i ;  

Sigma) was added and the s o l u t i o n  s t i r r e d  on a magnet ic  s t i r r e r  a t  

4*C.  I s o b u t y I - c h I o r o f o r m a t e  ( 6 * 2 5  p i ;  Sigma) was then added and 

the s o l u t i o n  s t i r r e d  f o r  3 min b e fo r e  the combinat ion o f  enzyme and 

hormone p r e p a r a t i o n s .  The s o l u t i o n  was immediately  ad ju s te d  to  

pH8*0 by the a d d i t i o n  o f  3 M sodium hydroxide s o l u t i o n ,  and s t i r r e d  

f o r  I h a t  - I 5 * C ,  a d ju s t i n g  the pH r e g u l a r l y  du r in g  t h i s  p e r i o d .  

The s o l u t i o n  was s t i r r e d  f o r  a f u r t h e r  2 hours a t  0*C p r i o r  to  the  

a d d i t i o n  o f  10 mg sodium hydrogen carbonate  and load ing in to

d i a l y s i s  tu b in g .  The con jugate  s o l u t i o n  was d ia ly s e d  f o r  48 h a t  

4*C a g a in s t  PBS ( 2 * 5  I ;  w i t h o u t  a z i d e ) ,  changing the b u f f e r  every  

2 - 3  hours when p o s s i b l e .  A f t e r  d i a l y s i s ,  the s o l u t i o n  was- ioaded 

onto  a G25 chromatography column (Pharm acia )  and the enzyme

c o n ju ga te  e l u t e d  w i t h  200 ml d i a l y s i s  b u f f e r .  F ra c t i o n s

( a p p ro x im a t e ly  1 ml)  were c o l l e c t e d  by hand and 5 pi o f  f r a c t i o n s  

10-25 te s t e d  w i t h  enzyme s u b s t r a t e  ( 0 * 2 5  ml; see b e lo w ) .  Samples 

g i v i n g  a s trong and ra p id  co lo u r  r e a c t i o n  were pooled ,  d i l u t e d  w i t h  

g l y c e r o l  ( 1 : 1 )  and s to re d  in a l i q u o t s  a t  - 2 0 * C .

Enzyme s u b s t r a t e  was 0-phenyIenediamine-  (100  mg; 1,2

b enzenediam in e; Sigma P9029)  d is s o lv e d  in c i t r i c  a c id  b u f f e r  (28  

ml;  A ppendix ) ,  to  which 0 *025  ml o f  30% hydrogen p erox id e  s o l u t i o n  

(BDH) was added immediate ly p r i o r  to  use.

2 . 1 3 . 2 . 4  P r e p a r a t i o n  o f  standards  and QCs

A stock s o l u t i o n  o f  20a-DHP standard  (4 -p r e g ne n -20<x -o l -3 -o n e ,  

MW= 3 16*5 ;  Sigma P6288)  was prepared  a t  a c o n c e n t r a t io n  o f  I mg/ml 

a b s o lu t e  e t h a n o l ,  and s to r e d  a t  - 2 0 #C. A second,  less concent ra ted  

stock  s o l u t i o n  o f  1 pg/ml b u f f e r  was prepared  from the i n i t i a l  stock  

and s to red  a t  -20 *C  in a l i q u o t s  o f  16 p i .  For assay,  10 ml b u f f e r

was added to  t h i s  a l i q u o t  to  make a s o l u t i o n  o f  1*6 ng/ml b u f f e r
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from which the assay standards were double d i l u t e d  over the range 

8 0 - 0 * 3 2  p g /0 *0 5  ml ( 1 6 0 0 - 6 * 4  p g /m l ) .

QCs were prepared  from u r in e  pooled from the p o s t -o e s t ro u s  

phase o f  the cyc le  in the w h i te  r h in o c e ro s .  U r in e  samples were 

pooled p r i o r  to h y d r o ly s is  and e x t r a c t i o n ,  the c o n c e n t r a t io n  o f  20a -  

DHP was determined and the u r i n e  was d i v i d e d  in to  two p o r t i o n s ,  one 

o f  which was d i l u t e d  to c o n ta in  l e v e l s  o f  20a-DHP which gave 75% 

disp lacement  (QCL),  and the o th e r  to g iv e  35% displacement  (QCH).

2 . 1 3 . 3  Coat ing o f  m i c r o t i t r e  p l a t e s

For the co a t in g  o f  each m i c r o t i t e  p l a t e ,  0 .1  mg sheep a n t i -  

r a b b i t  IgG were d i l u t e d  w i t h  25 ml carbonate  "c o a t in g "  b u f f e r  

(Appendix )  and 0*25 ml p i p e t t e d  in to  each w e l l .  The p l a t e s  were 

incubated o vern ig h t  a t  room temperatu re  a f t e r  which they were 

emptied by invers io n  and each w el l  p o s t -c o a te d  w i t h  0*25  ml t r i s  

"s to ra g e "  b u f f e r  (Appendix)  c o n t a in in g  0.1% sodium a z id e  under which 

c o n d i t i o n s  the p l a t e  w i l l  remain s t a b l e  in excess o f  6 months at  

4*C.  The p l a t e s  were sea led  w i t h  p l a s t i c  f i l m  and s to red  in 

a i r t i g h t  po ly th ene boxes.

2 . 1 3 . 4  Assay protoco l

Immediately p r i o r  to use, p re -c o a te d  p l a t e s  were emptied by 

i n v e r s io n  and r in s e d  3 t imes w i t h  0.005% Tween (Sigma) s o l u t i o n ,  and 

b l o t t e d  dry .  20a-DHP standards ( S I - S 9 ) ,  d i l u t e d  over the range 

0 * 3 2 - 8 0  p g /0 *0 5  ml,  0*05 ml b u f f e r  ( z e r o s ;  Z ) ,  QCs and samples 

(UK) were p i p e t t e d  in to  d u p l i c a t e  w e l l s  in rows down the m i c r o t i t r e  

p l a t e .  Enzyme conjugate (0*1 m l ) ,  a t  a work ing d i l u t i o n  of

1 : 3 0 ,0 0 0 ,  was added to  each w e l l  using a m u l t i - c h a n n e l  p i p e t t e .  The 

t i t r e  o f  the an itserum , a t  an enzyme con ju gate  d i l u t i o n  o f  1 :3 0 ,0 0 0 ,  

was determined as 1 :1 5 0 ,0 0 0 ,  and 0*1 ml an t ise ru m  was added to each 

w e l l  a t  t h i s  working d i l u t i o n .  D u p l i c a t e  b lank  w e l l s  (w i th o u t  

a n i ts e r u m )  were included to moni tor  n o n - s p e c i f i c  b in d in g  (NSB) of  

enzyme con jugate  to the sheep a n t i - r a b b i t  IgG. P l a t e s  were covered
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w i t h  p l a s t i c  f i l m  and incubated o v e r n ig h t  a t  4*C in the dark .  The 

f i n a l  layout  on the m i c r o t i t r e  p l a t e  is shown below.

1 2 3 4 5

A NSB S3 S7 QCL

B NSB S3 S7 QCL

C Z S4 S8 UKI

D Z S4 S8 UK1

E SI S5 S9 UK2

F SI S5 S9 UK2

G S2 S6 QCH UK3

H S2 S6 QCH UK3 e t c

The p l a t e s  were emptied by in v e r s io n ,  to remove the unbound 

re a g e n ts ,  and washed 3 t imes w i t h  0*005% Tween s o l u t i o n  and b l o t t e d  

d r y .  Enzyme s u b s t r a t e  was added to each w e l l  ( 0 *2 5  m l ) ,  and the 

p l a t e s  were covered w i t h  p l a s t i c  f i l m  and incubated in the dark a t  

4*C f o r  45 min.  The r e a c t i o n  was stopped by the a d d i t i o n  o f  3 M 

s u l p h u r i c  a c id  ( 0 * 0 5  m l)  to each w e l l .  Absorbance was measured at  

494 nm, w i t h  a r e f e r e n c e  o f  620 nm, on an m i c r o - p l a t e  re a d e r .

2 . 1 3 . 5  Assay v a l i d a t i o n

A t y p i c a l  s tandard curve ,  ob ta in ed  by p l o t t i n g  % bound B/Bo 

a g a in s t  mass (pg )  20a-DHP on a l o g a r i t h m i c  s c a l e ,  is shown in F ig .

2 . 7 .  Values  o f  20a-DHP in samples were c a l c u l a t e d  from the standard  

c u rve ,  i n i t i a l l y  as p g / w e l l ,  and t ransformed to  ng/mgCr. S e r i a l  

d i l u t i o n s  o f  hydro lysed and e x t r a c t e d  u r in e  from both b lack  and 

n o r th e r n  w h i te  rh in o c ero s  d ur in g  the p o s t - o e s t r u s  phase o f  the  

o v a r ia n  cyc le  gave d isplacement  curves p a r a l l e l  to t h a t  ob ta in ed  

w i t h  the 20a-DHP standards ( F i g .  2 . 7 ) .

The average o f  the assay ,  determined a t  90% b in d in g ,  was 0 .6 5  

p g / w e l l  or 13 p g / m l . The accuracy o f  the assay was determined by 

adding va ry in g  amounts o f  u n l a b e l l e d  20a-DHP ( 0 * 3 2 - 8 0  pg) to 0*05  ml



F ig u re  2 .7 .  Typ ica l 20a-DHP assay standard curve w ith  standards  

over the range 0 *31 -8 0  pg. The curve is  p lo tte d  as X bound against 

the log o f  the mass o f 20a-DHP. The standard dose response curve

fo r  the 20a-DHP EIA ( • ----- • )  is  compared w ith  s e r ia l  d ilu tio n s , o f

u r in e  from  the b lack  (o— o) and the w h ite  rh inoceros (A— A ) during  

the p o s t-o es tru s  p e r io d .
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o f  hydrolysed and e x t r a c t e d  u r i n e  pool f rom b lack  and nor thern  

w h i t e  rh in oceroses  c o n ta in in g  low le v e ls  o f  endogenous hormone. The 

samples were assayed and the mean+s.e.m.  r e c o v e r ie s  o f  20a-DHP were 

I 0 0 '7 + 0 * 9 X  (n=8)  and 101*5+1*2% (n=8)  r e s p e c t i v e l y .  In t r a - a s s a y

p r e c i s i o n  was determined by repeated  measurement o f  a sample 

prepared  from a pool o f  w h i te  rh ino c ero s  u r in e  which had been 

hydro ly sed  and e x t r a c t e d ,  on a s i n g l e  p l a t e .  The i n t r a - a s s a y  C o f  V 

was found to be 7.4% ( n = 3 0 ) .  I n t e r - a s s a y  p r e c i s i o n  was c a l c u l a t e d  

by d e te rm in in g  the C o f  V o f  measurement o f  the same QCs in each 

assay ,  and was found to be 7*6% f o r  a high va lu e  q u a l i t y  contro l  and 

6*9% f o r  a low va lue  q u a l i t y  c o n t ro l  ( n = 2 l ) .

Cross r e a c t io n s  o f  many s t e r o i d s  w i t h  the 20o-DHP a n t i  serum in 

the enzyme immunoassay system were determ in ed.  S e r i a l  d i l u t i o n s  of  

s t e r o i d s  (ng q u a n t i t i e s )  were assayed and the cross r e a c t i v i t y  

determined  a t  the level  o f  50% i n h i b i t i o n  o f  b in d in g .  The 

s p e c i f i c i t y  o f  the an t is erum  is shown in Tab le  2 * 2 .  The major cross  

r e a c t i n g  substances were 2 0 a - h y d r o x y - 5 p - p r e g n a n - 3 -o n e (22%),  5f2~

p re g n a n e - 3 a , 20ot-d ioI  ( 9 *3% ) ,  5 - p r e g n e n - 3 8 , 2 0 a - d i o I  (6 *4% ) ,  
2 0a -h yd ro xy -5 -p re g n e n -3 -on e  (3X )  and progestero ne  ( 2 - 4 X ) .  A l l  o ther

s t e r o i d s  te s te d  cross re a c ted  less than 1% by mass.

2 . 1 4  ENZYME-IMMUNOASSAY FOR TOTAL OESTROGENS

The q u a l i t a t i v e  enzyme-immunoassay f o r  t o t a l  oestrogens was

performed according to the method o f  Most I ,  Meyer,  Bamberg and Von

Hegel ( 1 9 8 7 ) .

2 . 1 4 . 1  Assay m a t e r i a l s  and reagents

The assay b u f f e r  was t r i s  b u f f e r .  The a n t i  serum used in t h i s  

assay was ra is e d  in r a b b i t s  and was donated by Dr .  H.H.D.Meyer  

( I n s t i t u t  fu’r Phys io lo gy ,  U n i .  Munich, W.Germany) . The an t ib ody  was 

s t o r e d  in 0*2  ml a l i q u o t s  a t  1 :1 ,000  d i l u t i o n  a t  - 2 0 * C .  Using  

o es t ro ne  as a r e f e r e n c e ,  the major cross r e a c t i n g  s t e r o i d s  were

o e s t r a d i o I  - 178 (161%),  o e s t r a d i o I - 1 7a (63%),  o e s t r i o l  (7 *2% ) ,
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T ab le  2 . 2 .  S p e c i f i c i t y  o f  the 20a-DHP an t ise ru m  as determined  by 

enzyme immunoassay. F ig u res  f o r  the cross r e a c t i v i t y  were  

dete rmined a t  50X i n h i b i t i o n  o f  b in d in g .

s t e r o i d  cross r e a c t i o n

X

20 a -h yd ro x y -4 -p re g n e n -3 -o n e 100 0

2 0 a -h y d ro x y -5 3 _pregnan-3-one 22 0

53- pregnane-3a ,  20a-d i o 1 9 3

5 - p r e g n e n e - 3 3 , 20a-d  i o 1 6 4

20 a -h y d ro x y -5 -p re g ne n -3 -o n e 3 0

4 -p re g n e n e -3  , 20-d i one 2 4

5 a -p r e g n a n e -3 a ,2 0 a -d  i o 1 0 9

2 0a -h yd ro xy -5 a -p re g n an -3 -o n e 0 8

1 7<x-hydroxy-4-pregnene-3 r 20 -d  i one 0 5

5fJ-pregnan-3fJ, 20a-d  i o 1 0 5

5a -p reg n an -3a ,20 3 ~d  i 0 1 0 3

33~hydroxy -5 -pregnen-20 -one 0 2

1 , 3 , 5  ( 1 0 )  e s t r a t r i e n e - 3 , 1 7 a - d i 0 1 <0 1

20 a -h y d ro x y -4 -p re g n e n -3 -o n e <0 1

17 a , 2 0 a - d i  h ydroxy -4 -pregnen-3 -one <0 1

17a ,203~d  i h ydroxy -4 -pregnen-3 -one <0 1

1 1 3 , 1 7 a , 2 1 - t r i  h y d r o x y - 4 - p r e g n e n - 3 , 20 -d  i one <0 01

53~pregnan-3a ,203~d  i 0 1 <0 01

5 a - p r e g n a n - 3 , 20-d i one <0 01
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e q u i I e n i n  (3 *6% ) ,  equi I in (1*3%) and o es t rone  s u lp h a te  (0*5%) (Most!  

e t  a I . ,  1987) .

The enzyme label  was I , 3 , 5 ( 1 0 ) - o e s t r a t r i e n e - 3 , 1 7 f i -d io I  -  17 -  

g lu c u ro n id e  conjugated to  a l k a l i n e  phosphatase by the method of  

Meyer and Hoffmann ( 1 9 8 7 ) .  The label  was s to re d  in 0*12  ml a l i q u o t s  

a t  a d i l u t i o n  o f  1:4 a t  - 2 0 * C .  Enzyme s u b s t r a t e  was p - n i t r o p h e n y I  

phosphate disodium ( 0 * 1 6  g) d is s o lv e d  in 28 ml d ie th an o I  amine 

b u f f e r .

Oestrone standards  were double d i l u t e d  over a range o f  40-0*31  

p g /0 *0 5  ml b u f f e r  ( 8 0 0 - 6 * 2  p g / m l ) f rom a s tock  s o l u t i o n  o f  0*8  

n g /m l.  A QC was prepared  by d i l u t i n g  oestrone  s tandard to g ive  a 

c o n c e n t r a t io n  e q u i v a le n t  to 50% b in d in g  in the assay .

W el ls  on a m i c r o t i t r e  p l a t e  were coated w i t h  sheep a n t i - r a b b i t  

IgG as f o r  20a-DHP assay.

2 . 1 4 . 2  Assay pro to co l

Immediately p r i o r  to use, p re - c o a t e d  p l a t e s  were emptied by 

i n v e r s io n  and r in s e d  3 t imes w i t h  0.005% Tween s o l u t i o n ,  and b l o t t e d  

d r y .  Oestrone standards ( S I - S 8 ) ,  d i l u t e d  over the range 0 * 3 2 -4 0  

p g /0 * 0 5  ml ,  0*05 ml b u f f e r  ( z e r o s ;  Z ) ,  QCs and samples (UK) were 

p i p e t t e d  in to  d u p l i c a t e  w e l l s  in rows down the m i c r o t i t r e  p l a t e .  

Enzyme conjugate  (0*1 m l ) ,  a t  a d i l u t i o n  o f  1:400 ,  was added to  each 

w e l l  using  a m u l t i - c h a n n e l  p i p e t t e  f o l lo w e d  by ant i  serum a t  a 

work ing d i l u t i o n  o f  1 : 7 0 ,0 0 0 .  D u p l i c a t e  b la nk  w e l l s  ( w i th o u t  

an t is e ru m )  were included to monitor  n o n - s p e c i f i c  b in d in g  (NSB) o f  

enzyme conju gate  to the sheep a n t i - r a b b i t  IgG. P l a t e s  were covered  

w i t h  p l a s t i c  f i l m  and incubated o v e r n ig h t  a t  4*C in the dark .  The 

f i n a l  layout  on the m i c r o t i t r e  p l a t e  is  shown o v e r l e a f .
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1 2 3 4 5

A NSB S3 S7 UK2

B NSB S3 S7 UK2

C Z S4 S8 UK3

D z S4 S8 UK3

E 51 S5 QC UK4

F SI S5 QC UK4

G 52 S6 UK 1 UK5

H S2 S6 UK 1 UK5 e t c

The p l a t e s  were emptied by in v e r s i o n ,  to remove the unbound 

re a g e n t s ,  and washed 3 t imes w i t h  0*005% Tween s o l u t i o n  and b l o t t e d  

d r y .  Enzyme s u b s t r a t e  ( 0 * 2 5  ml)  was added to each w e l l ,  the p l a t e s  

were covered w i t h  p l a s t i c  f i l m  and incubated a t  37*C f o r  3 h, a f t e r

which absorbance was measured a t  410 nm, w i t h  a re f e r e n c e  o f  620 nm,

on an m i c r o - p l a t e  rea d e r .

2 . 1 4 . 3  Assay e v a l u a t io n

A t y p i c a l  s tandard curve ,  o b ta in ed  by p l o t t i n g  B/B0 ag a in s t

mass (pg )  oes trone on a lo g a r i t h m i c  s c a l e ,  is shown in F i g .  2 . 8 .

S e m i - q u a n t i t a t i v e  va lu es  o f  oestrogen m e t a b o l i t e s  were c a l c u l a t e d  

f rom the standard  curve ,  i n i t i a l l y  as p g / w e l l ,  and transformed to 

n g / m l .

The s e n s i t i v i t y  o f  the assay ,  determined  a t  90% b in d in g  was 

0 *3  p g / tu b e  or 6 p g / m l . I n t r a - a s s a y  p r e c i s i o n  was determined by 

rep ea te d  measurement o f  a sample prepared from a pool o f  nor th ern  

w h i t e  rh in o cero s  u r i n e ,  which had been hydro lysed and e x t r a c t e d ,  on 

one p l a t e .  I n t r a - a s s a y  C o f  V was found to be 11.8% ( n = 3 0 ) .  I n t e r 

assay p r e c is io n  was c a l c u l a t e d  by d e te rm in in g  the C o f  V o f  

measurement o f  a QC (which gave a va lue  o f  ap p ro x im a te ly  45% bound) 

in each assay and was found to  be 8.6% ( n = ! 7 ) .
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F ig u re  2 .8 .  Typ ica l to ta l  oestrogen assay standard  curve w ith  

oestrone standards over the range 0 *3 3 -8 0  pg. The curve is  

p lo tte d  as X bound a g a in s t the log o f  the  mass o f  o estro n e .
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CHAPTER 3

METABOLISM OF OESTRADIOL AND PROGESTERONE IN A WHITE RHINOCEROS

3.1 INTRODUCTION

The o v a r ia n  cyc le  o f  the  In d ian  rh in o ce ro s  has been described  

using u r i n a r y  hormone a n a l y s i s .  S tu d ies  in the In d ian  species  have 

in d ic a t e d  t h a t  PdG is the major  u r i n a r y  m e t a b o l i t e  o f  progesterone ,  

w h i l s t  c i r c u l a t i n g  o e s t r a d i o l -170  is e x c r e te d  predom in ate ly  as 

oestrone su lp h ate  (Kassam and Las le y ,  1981; Kasman e f  a / . ,  1986) .

Although the measurement o f  PdG im m unoreac t iv i t y  is in f o r m a t iv e  in 

the d e te r m in a t io n  o f  m i d - l a t e  pregnancy in both the b la c k  and the  

w h i te  rh in o cero s  (Hodges and Green, 1989) ,  a t te m p ts  to  desc r ib e  

o v a r ia n  f u n c t io n  using the same measurements in the A f r i c a n  species  

o f  rh in o cero s  have been unsuccessful  (Ramsay e t  a t . ,  1987; 

J . E . H i n d l e  and J.K.Hodges,  unpubl ished o b s e r v a t i o n s ) .  Thus no 

method e x i s t s  f o r  m onit or in g  the  o v a r ia n  c y c le  in the b lack  and the  

w h i te  rh in o cero s  and the pr im ary  m e t a b o l i t e s  o f  o e s t r a d i o l  and 

progesterone a re  not known f o r  these sp ec ies .

There a re  a number o f  p o s s ib le  e x p la n a t io n s  f o r  the lack o f  

success in m o n i to r in g  o var ian  f u n c t i o n  by u r i n a r y  s t e r o i d  hormone 

a n a l y s i s  in the A f r i c a n  spec ies  o f  rh in o c e r o s .

1. The A f r i c a n  spec ies  may fav o u r  the b i l i a r y  r o u te  o f  e x c r e t i o n ,  

w i t h  a much la r g e r  p r o p o r t io n  o f  s t e r o i d  hormone m e t a b o l i t e s  being  

voided v i a  the fa e c e s ,  r a t h e r  than in to  the u r i n e .

2.  The A f r i c a n  spec ies  may e x c r e t e  s t e r o i d  homone m e t a b o l i t e s  in to  

the u r i n e ,  and these m e t a b o l i t e s  may be the same as in the Ind ian  

rh in o cero s  ( i e .  PdG and oes trone  c o n j u g a t e s ) ,  but  a t  l e v e l s  below  

the s e n s i t i v i t y  o f  e x i s t i n g  assays.

3. Q u a l i t a t i v e  d i f f e r e n c e s  may e x i s t  between spec ies  in the  

metabol ism o f  o va r ia n  s t e r o i d  hormones. Thus, the p r i n c i p a l  

m e t a b o l i t e s  o f  progesterone  and o e s t r a d i o l  e x c r e te d  by the A f r i c a n
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rh in o cero ses  may be d i f f e r e n t  f rom those p r e v io u s l y  measured in the  

In d ian  rh in o cero s .

The aim o f  t h i s  experiment was to  examine these p o s s i b i l i t i e s  

by c a r r y i n g  out  a rad iom etabol ism  study to  i n v e s t i g a t e  the m e ta b o l ic  

f a t e  o f  exogenously ad m in is te r e d  n C - l a b e l l e d  o e s t r a d i o l - 1 70 and 

progesterone  in a w h i te  rh in o c e r o s .  S p e c i f i c  o b j e c t i v e s  were to  

i d e n t i f y  the major m e t a b o l i t e s  o f  o e s t r a d i o I -1 70  and progesterone  

and to  determine the r e l a t i v e  abundance o f  these m e t a b o l i t e s  in 

u r i n e  and fa ece s .  I t  was hoped t h a t  these r e s u l t s  would i d e n t i f y  

the hormone m e t a b o l i t e s  whose measurement would most a c c u r a t e ly  

r e f l e c t  o v ar ian  fu n c t io n  in the A f r i c a n  rh in o c e ro s e s ,  to p rov ide  

methods o f  m o n i to r in g  oes tr ous  cy c le s  and pregnancy in these  

spec i e s .

3 . 2  MATERIALS AND METHODS

3 . 2 . 1  Animal and housing

For t h i s  s tudy,  the exper im enta l  animal was an a d u l t  female  

southern  w h i te  rh in oceros  ( C e ra to th e r iu m  s i  mum simum). The animal  

was es t im ated  to be 15 years  o f  age when captured  in the Umfolozi

Game Reserve,  South A f r i c a  in 1976, and had been housed in the w h i te

r h in o c e ro s  e x h i b i t  a t  Whipsnade W i ld  Animal Park ,  Z o o log ica l  Soc ie ty  

o f  London, f o r  12 years  p r i o r  to  the  exp er im e nt .  I t  was thus  

e s t im a te d  to be 27 years  o ld  a t  the t ime o f  the s tudy .  The animal  

was chosen f o r  the experiment as i t  was to  be e u th a n ise d ,  i t s  l a s t

two ca lv e s  being s t i l l  born w i t h  co n g en i ta l  d i s o r d e r s .  No sign  o f

o e s t r u s  had been observed s in c e  the b i r t h  o f  the second s t i l l  born 

c a l f  8 months p r e v io u s l y .

The rh inoceros  was housed a lo n e ,  w i t h o u t  bedding,  in a s t a b l e  

w i t h  a concrete  f l o o r  and a s i n g l e  o u t l e t  d r a i n  in the c e n t r e  o f  the  

e n c lo s u r e .  The animal was a l lo w ed  u n l i m i t e d  access to  water  and hay 

throughout the exper imenta l  p e r i o d .
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3 .2 .2  P rep ara tio n  and in je c t io n  o f ra d io la b e l

[ 4 - * 4C l o e s t r a d i o I -1 70  (sp .  a c t .  56 mCi/mmol) and [ 4 -  

14C]progesterone  (sp .  a c t .  56 mCi/mmol) were o b ta in ed  commercia l ly  

(Amersham I n t e r n a t i o n a l  p i c . ) .  The radiochemica l  p u r i t y  o f  each 

s t e r o i d  was determined by the manufacturers by HPLC, and was quoted  

as 98*0% f o r  [ 4 - 1 4 C ] o e s t r a d io I  - 170 and 95*4% f o r  [ 4 -  

14C]p ro g es te ro ne .  Two 1*0 ml a l i q u o t s  o f  to  Iu en e : ethanoI  ( 1 : 1 ,  

v / v ) ,  c o n t a in in g  50 pCi [ 4 - 1 4C]progesterone  each, were evapora ted  to  

dryness under n i t r o g e n .  Each a l i q u o t  o f  r a d i o l a b e l  was re d is s o lv e d  

o v e rn ig h t  in 0*5  ml a b s o lu te  e t h a n o l ,  and the two a l i q u o t s  were 

combined to g iv e  1*5 ml ethanol  in c lu d in g  a r i n s e .  The 

r a d i o a c t i v i t y  in a small  p o r t i o n  (10  p i )  was counted to ga in  an 

e s t im a te  o f  the r a d i o a c t i v i t y  p r e s e n t .  S i m i l a r l y ,  two 2*5  ml

p o r t io n s  o f  to Iu e n e : ethanoI  ( 1 : 1 ,  v / v ) ,  c o n t a in in g  50 pCi 14-

14C ] o e s t r a d i o I -170  each, were evapora ted  to  dryness and the  

r a d i o l a b e l  re d is s o lv e d  in two 1*0 ml volumes o f  a b s o lu te  ethanol  

o v e r n i g h t .  The a l i q u o t s  were combined to  g iv e  2*5  ml in c lu d in g  a 

r i n s e .  The r a d i o a c t i v i t y  in a small  p o r t i o n  (10  p i )  was counted.  

The two volumes o f  ethanol  were combined to  g iv e  4 *5  ml which  

inc luded a r i n s e  and conta ined  a t o t a l  o f  570*13x10^ cpm- The 

ethanol  was evaporated  under n i t r o g e n  and the r a d i o I a b e I  Ied s t e r o i d s  

r e d is s o lv e d  in 1*0 ml a b s o lu te  e t h a n o l ,  and s to re d  a t  -2 0 * C .

U n la b e l l e d  s t e r o i d s  were a l s o  prepared  f o r  i n j e c t i o n  w i t h  the  

r a d i o l a b e l ,  to ac t  as c a r r i e r s .  C r y s t a l s  o f  o e s t r a d i o l - 1 7 0  ( I  mg) 

were d is s o lv e d  in 0 *5  ml a b s o lu te  ethanol  and 30% ( w / v )  propy lene  

g lyco l  in water  (30% PG; 0 *5  ml)  was added. A 10 mg mass of  

progesterone  was a ls o  d is s o lv e d  in 0 *5  ml a b s o lu te  ethanol  to  which  

0*5  ml 30% PG was added. The s t e r o i d s  were combined w i t h  a f u r t h e r  

3*0  ml o f  30% PG, to g iv e  a volume o f  4 * 0  ml which was added to  the

1*0 ml ethanol  c o n t a in in g  the r a d i o l a b e l l e d  s t e r o i d s .  P r i o r  to

i n j e c t i o n  the volume was increased to  10*0 ml ,  by the a d d i t i o n  o f

5*0 ml 30% PG, and the s o l u t i o n  was f i l t e r e d  through a 0 . 2 2  pm

( M i l l i p o r e )  f i l t e r  u n i t .

*
jThe high le v e ls  o f  3 H - l a b e l l e d  s t e r o i d  r e q u i r e d  f o r  t h i s  experiment  

(prevented the i n j e c t i o n  o f  two d i f f e r e n t  r a d i o l a b e l s .
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F ig u re  3 .1 .  Protocol fo r  the i . v .  in je c t io n  o f ra d io  label led  

o e s tr a d io l-1 73 and progesterone in an a d u lt fem ale southern w hite  

rh in o cero s , and the tim e course o f sample c o lle c t io n .

female  southern ^ ___________ Day 1, i . v .  i n j e c t i o n  o f

w h i t e  rh in o ce ro s  570x10^ cpm [ * *C ]p ro g es te ro n e

and [ H C I o e s t r a d i o l - ^ S

u r in e  and faeces  

c o l l e c t e d  f o r  4 days 

(Days 1 -4 )

record  volume o f  u r i n e  and 

mass o f  faeces  ex cre te d  

each day

determine d i s t r i b u t i o n  

o f  C14C3 r a d i o a c t i v i t y  

ex c re te d  each day

u r i n e :  d i r e c t  faec es :  count

count a f t e r  hot ethano

e x t r a c t  i on
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At 10*23 h on the  morning o f  Day 1 , the animal was

a n a e s t h e t i z e d  w i t h  1.25 ml e t o r p h in e  h y d r o c h lo r id e  ( Immobi lon,  C-

v e t ,  Bury S t .  Edmunds, S u f f o l k ,  UK) and monitored  w h i l s t  under the  

a n a e s t h e t i c .  At  11*10 h the r a d i o l a b e l  s o l u t i o n  was i n j e c t e d  in to  

an ear  v e i n .  A f t e r  10 min the animal  was r e v iv e d  w i t h  2 ml 

dip re no rp h in e  h y d r o c h lo r id e  (Revivon;  C - v e t )  and was s tand ing  

w i t h i n  5 min.

3 . 2 . 3  C o l l e c t i o n  and s to rag e  o f  samples

The pro toco l  f o r  the experiment is shown in F i g .  3 . 1 .  A l l

u r in e  and faeces  e x c r e te d  were c o l l e c t e d  s e p a r a t e l y  each day f o r  4 

days (Days 1 -4 )  f o l l o w i n g  the i n j e c t i o n  o f  r a d i o l a b e l  on Day 1.

U r in e  was c o l l e c t e d  in a r e c e p t a c le  beneath the e x t e r n a l  o u t l e t  o f  

the e n c lo s u r e ' s  s i n g l e  d r a i n .  The u r in e  was mixed thoroughly  by 

pouring between bu ckets ,  and the t o t a l  volume e xc re te d  on each day 

o f  the experiment was determined,  by measuring the volume c o l l e c t e d

in a I l i t r e  measuring c y l i n d e r .  P o r t io n s  (1 l i t r e )  were s tored  in

p l a s t i c  b o t t l e s  w i t h  sodium a z id e  ( f i n a l  c o n c e n t r a t io n  0*1%, w / v ) ,  

a t  4*C u n t i l  the end o f  the experim ent .  The u r i n e  was then f ro z en  

and s to red  a t  -2 0 * C .

To prevent  contam in a t io n  w i t h  u r i n e ,  faeces  were removed from  

the enclosure w i t h i n  2 min o f  v o i d i n g .  Faeces was mixed w i t h  a 

garden f o r k  and kneaded manual ly  between s t r o n g ,  p l a s t i c  bags. The 

t o t a l  we ight  o f  faeces  e xcre te d  d ur in g  each day was determined by 

weighing bags on a 10 kg hook s c a l e .  P o r t io n s  ( I  kg) were f roz e n  

immediately and s to red  a t  - 2 0 * C .

3 .2 .4  D is tr ib u t io n  o f r a d io a c t iv ity

When count ing  r a d i o a c t i v i t y  in u n d i l u t e d  u r i n e  or a f t e r

r e c o n s t i t u t i o n  in e t h a n o l ,  the counting e f f i c i e n c y  was low due to  a 

quenching e f f e c t .  T h e r e f o r e ,  when count ing  r a d i o a c t i v i t y

throughout the s tudy ,  quench c o r r e c t i o n s  were made by i n t e r n a l  

s t a n d a r d i z a t i o n  w i t h  [ 1 4CJto Iuene.  The l i q u i d  s c i n t i l l a t i o n  counter
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provided  a va lu e  f o r  the degree o f  quench in each sample ( s ) ,  and 

the e f f i c i e n c y  (X )  o f  the count ing  procedure f o r  t h i s  sample was 

determined by comparison to  a quench curve c o n s t ru c te d  from l * C -  

quenched s tandards (G & G Chemical S e rv ic e s  L t d . ,  A scot ,  UK) as 

shown in F i g .  3 . 2 .  The average e f f i c i e n c y  o f  cou n t in g ,  a f t e r

quench c o r r e c t i o n ,  was 80*5%.

3 . 2 . 4 . 1  Ur i ne

Three volumes o f  u r i n e  ( 1 ,  0 *5  and 0*25  m l )  c o l l e c t e d  on each 

day o f  the exper im ent ,  were p laced in s e p a ra te  s c i n t i l l a t i o n  v i a l s  

in d u p l i c a t e ,  w i t h  10ml s c i n t i l l a t i o n  f l u i d  ( S c i n t r a n ;  BDH, Poole ,  

UK). R a d i o a c t i v i t y  was counted f o r  10 min in a Beckman LS200 l i q u i d  

s c i n t i l l a t i o n  co u n te r .  The amount o f  r a d i o a c t i v i t y  in 1*0 ml o f  

u r in e  c o l l e c t e d  on each day was c a l c u l a t e d ,  and the r a d i o a c t i v i t y  

recovered  per day was determined by m u l t i p l y i n g  the amount o f  

r a d i o a c t i v i t y  in 1*0 ml u r in e  by the t o t a l  volume c o l l e c t e d  on each 

o f  the 4 days.

3 . 2 . 4 . 2  Faeces

R a d i o a c t i v i t y  was e x t r a c t e d  from 250 g (wet  w e i g h t )  a l i q u o t s  

o f  f a e ces ,  c o l l e c t e d  on each day o f  the exp e r im en t ,  by hot ethanol  

e x t r a c t i o n  (see  s e c t io n  2 . 3 . 3  f o r  method) .  Each a l i q u o t  o f  faeces  

d is p lace d  a volume o f  a p p ro x im a te ly  50 ml ,  so 500 ml (10  v o l )  and 

250 ml (5  v o l )  ethanol  were used f o r  the f i r s t  and second 

e x t r a c t i o n s  r e s p e c t i v e l y .  The ethanol  e x t r a c t s  were then r e f l u x e d  

f o r  2 h a t  70*C.  P u r i f i e d  e x t r a c t s  were con cen t ra te d  on a Bucghi 

r o t a r y  evapora tor  (R o tavap o r -R )  and the r e s i d u e ,  c o n t a in in g  the  

r a d i o l a b e l l e d  s t e r o i d s ,  r e c o n s t i t u t e d  in a b s o lu t e  ethanol  (200 m l ) .  

An a l i q u o t  (1 m l )  o f  each e x t r a c t  was evaporated  to  dryness and the  

s t e r o i d s  r e c o n s t i t u t e d  o v e r n ig h t  in 10 ml PBS. P o r t io n s  ( I ,  0 *5  

and 0*25  ml )  o f  each r e c o n s t i t u t e d  e x t r a c t  were added to  

s c i n t i l l a t i o n  v i a l s  in t r i p l i c a t e ,  w i t h  10 ml s c i n t i l l a t i o n  f l u i d .  

The r a d i o a c t i v i t y  in each p o r t i o n  was determined by count ing  f o r  10 

min.
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F ig u re  3 .2  Quench curve constructed  From U *C ] quenched standards  

and in te rn a l s ta n d a rd iz a tio n  w ith  t |4 C3toluene (s )  on a Beckmann 

LS2009 l iq u id  s c in t i l l a t io n  counter. When counting r a d io a c t iv ity  in 

u rin e  and faeca l e x tra c ts , an s (quench) value  was o b ta in e d .fo r  

each sample and the e f f ic ie n c y  o f  counting determ ined. A ll  le v e ls  

o f r a d io a c t iv ity  in samples were then co rrec ted  fo r  quench.
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From each fa e c a l  sample, a p p ro x im a te ly  83% o f  the t o t a l  

r a d i o a c t i v i t y  recovered by e x t r a c t i o n  was p resent  in the i n i t i a l  

e x t r a c t ,  w i t h  17% in the second.  I t  was t h e r e f o r e  concluded th a t  

the m a j o r i t y  o f  e x t r a c t a b l e  r a d i o l a b e l  had been removed from the  

faeces and the re s id u a l  v e g e ta b le  m a t t e r  was not an a ly sed .  The 

e f f i c i e n c y  o f  the e x t r a c t i o n  procedure was not  moni tored  by the  

a d d i t i o n  o f  a known a c t i v i t y  o f  13H] r a d i o l a b e l .  Such r e c o v e r i e s  

would be a r t i f i c i a l l y  high as the label  would not be in corpora ted  

in to  the v eg e tab le  m a t t e r ,  as is the case w i t h  s t e r o i d s  exc re te d  v i a  

the b i l e  in to  the f a ece s .

3 . 2 . 5  S ep a ra t io n  o f  conjugated  and unconjugated s t e r o i d s

A f t e r  de te rm in in g  the d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  in u r i n e  

and faeces  c o l l e c t e d  on Days 1-4 o f  the s tudy ,  i t  was found t h a t  

the m a j o r i t y  o f  i n j e c t e d  r a d i o l a b e l  was recovered in the u r i n e  and 

faeces  excre ted  on Day 2 (see T a b le .  3 . 7 ) .  A l l  subsequent a n a l y s i s  

was c a r r i e d  out  on the samples c o l l e c t e d  on t h i s  day.  The scheme 

f o r  the s e p a r a t io n  and i d e n t i f i c a t i o n  o f  o e s t r a d i o I  -17 0  and 

progesterone  m e t a b o l i t e s  in Day 2 u r i n e  and faeces  is shown in 

F i gure 3 . 3 .

3 . 2 . 5 . 1  U r in e

Unconjugated s t e r o i d s  were e x t r a c t e d  from d u p l i c a t e  50 ml 

p o r t i o n s  o f  u r i n e  w i t h  300 ml f r e s h l y  d i s t i l l e d  d i e t h y l  e t h e r  by 

shaking v ig o u ro u s ly  by hand in a s e p a r a t in g  f u n n e l .  The contents  

were l e f t  to sep a ra te  f o r  10 min and the aqueous f r a c t i o n  

( c o n t a i n i n g  the conjugated  s t e r o i d s )  was removed. The e t h e r  was 

evaporated  to  dryness on a r o t a r y  e v a p o ra te r  and the res id u e  

r e d is s o lv e d  in a b s o lu te  ethanol  (50  m l ) .  The r a d i o a c t i v i t y  in 

d u p l i c a t e  1*0 ml p o r t i o n s  o f  aqueous (co n ju g a te d  s t e r o i d s )  and 

so lv en t  (unconjugated s t e r o i d s )  phases was determined by counting  

f o r  10 min w i t h  10 ml s c i n t i l l a t i o n  f l u i d  . Procedural  losses were 

monitored  in sep a ra te  e x t r a c t i o n s  by the a d d i t i o n  o f  t r a c e  amounts 

o f  [3H lp rogesterone  to  50 ml r h in o ceros  u r in e  pool ( c o n t a i n i n g  no
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F igure  3 .3 .  Scheme fo r  the separa tion  and id e n t i f ic a t io n  o f 

oestrogen and progesterone m e ta b o lites  in u rin e  and faeces . The 

a n a ly s is  was c a rr ie d  out on m a te ria l c o lle c te d  2 days a f te r  i . v .  

in je c tio n  o f 570x10* cpm 1 *C -lab e l led o e s tra d io l-17(1 and 

progesterone.
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! endogenous r a d i o a c t i v i t y ) ,  in which r e c o v e r ie s  o f  82*9+4*6%

(mean+s.e.m,  n= 7)  were o b ta in e d .  The procedure  was repeated  a f t e r  

the a d d i t i o n  o f  [SHloestrone  s u lp h a te  (Amersham I n t e r n a t i o n a l ,  

Bucks. ,  UK) and [3H lp regnaned io l  g lu c u ro n id e  (Dr P.Samarajeewa,  

U n i v e r s i t y  C o l le g e ,  London) to  sep ara te  50 ml p o r t i o n s  o f  rh inoceros  

u r in e  pool ( c o n t a i n i n g  no endogenous r a d i o a c t i v i t y ) .  Less than 3% o f  

the s t e r o i d  co njugates  added were e x t r a c t e d  i n t o  the s o lv e n t  by the  

e x t r a c t i o n  procedure .  The unconjugated f r a c t i o n  was r e t a i n e d .

Having separated  conjugated and unconjugated r a d i o l a b e l l e d  

s t e r o i d s  in the u r i n e ,  a c id  s o l v o l y s i s  was used to hydro lyse  the 

s t e r o i d  conjugates  present  (as  descr ibed  in s e c t io n  2 . 3 . 6 ) .  Volumes 

o f  the aqueous f r a c t i o n  (50  m l ) ,  c o n t a in in g  conjugates  remaining  

a f t e r  e th e r  e x t r a c t i o n  as above,  were p laced  in a la rge  conical  

f l a s k  and so lvo lyse d  f o r  24 h a t  37*C.  The contents  o f  the f l a s k  

were t r a n s f e r r e d  to a s e p a r a t in g  f u n n e l ,  and the s o lv e n t  removed. 

The remain ing  aqueous phase was r e - e x t r a c t e d  and s o lv e n t  f r a c t i o n s  

were pooled,  washed w i t h  water  and evaporated  to  dryness on a r o t a r y  

e va p o ra to r .  The re s id u e  was r e - d i s s o l v e d  in a b s o lu te  ethanol  (50  

m l ) .  D u p l i c a t e  I ml p o r t io n s  o f  the s o lv e n t  and aqueous res id ue  

were added to a s c i n t i l l a t i o n  v i a l  w i t h  10 ml s c i n t i l l a t i o n  f l u i d ,  

and the r a d i o a c t i v i t y  counted.

Residual r a d i o a c t i v i t y  in the aqueous phase ( 5 . 2  + 2.4%, n= 7)  

was not analysed but  could p o s s ib ly  re p r e s e n t  17 -sulphated  

m e t a b o l i t e s ,  unhydrolysed by s o l v o l y s i s .  The e f f i c i e n c y  o f  the  

h y d r o ly s i s  f o r  g Iu c u r o n i d e s , monitored  by r e p e a t in g  the procedure  

w i t h  phosphate b u f f e r  (50  ml)  c o n t a in in g  t r a c e  amounts o f  

[3H ]preg naned io l  g luc u ro n id e  was 91*9±3*7% (n = 7 ) .  The hydrolysed  

conjugate  f r a c t i o n  was r e t a i n e d .

3 . 2 . 5 . 2  Faeces

E t h a n o l i c  e x t r a c t s  o f  faeces  were evaporated  to  dryness and 

the res id u e  r e c o n s t i t u t e d  in 10 ml phosphate b u f f e r e d  s a l i n e  and 

e x t r a c t e d  w i t h  100 ml f r e s h l y  d i s t i l l e d  d i e t h y l  e t h e r .  The e th e r
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was evaporated  to  dryness on a r o t a r y  e va po ra to r  and the res id ue  

re d is s o lv e d  in 50 ml e t h a n o l .  D u p l i c a t e  1 ml p o r t i o n s  were added to 

s c i n t i l l a t i o n  v i a l s  w i t h  10 ml s c i n t i l l a t i o n  f l u i d  and the  

r a d i o a c t i v i t y  counted.  Since  93% o f  the r a d i o a c t i v i t y  p resent  in 

the o r i g i n a l  fa e c a l  e x t r a c t  was now pre sen t  in the e t h e r  e x t r a c t  

( a s s o c ia t e d  w i t h  unconjugated s t e r o i d s ) ,  f u r t h e r  a n a l y s i s  was 

l i m i t e d  to t h i s  f r a c t i o n .

3 . 2 . 6  S e p a ra t io n  o f  p h e n o l i c  and n e u t r a l  s t e r o i d s

3 . 2 . 6 . 1  Ur i ne

Ph eno l ic  and n e u t ra l  compounds in the hydrolysed con jugated  

and unconjugated f r a c t i o n s  were separated  by p h e n o l ic  e x t r a c t i o n  

(see s e c t io n  2 . 3 . 4  f o r  method) .  E t h a n o l i c  e x t r a c t s  c o n ta in in g  

unconjugated and hydrolysed conjugated  s t e r o i d s  in u r in e  and 

unconjugated s t e r o i d s  in faeces  were d r i e d  and re d is s o lv e d  in 10 ml 

pet ro leum e th e r  p r i o r  to the s e p a r a t io n  procedure .  N e u t ra l  and 

p h e n o l ic  f r a c t i o n s  were evapora ted  to dryness on a r o t a r y  

e v a p o r a t o r ,  and the r a d i o I a b e I  Ied s t e r o i d s  r e - d i s s o l v e d  in ab so lu te  

ethanol  (10  m l ) .  D u p l i c a t e  p o r t i o n s  (1 m l)  o f  each f r a c t i o n  and the  

aqueous re s id u e  were added to  s c i n t i l l a t i o n  v i a l s  w i t h  10 ml 

s c i n t i l l a t i o n  f l u i d  and r a d i o a c t i v i t y  counted.  The e n t i r e  procedure  

was repeated  on 7 s ep a ra te  occas ions .  P h e n o l ic  and n e u t ra l

e x t r a c t s  ( i n  e t h a n o l )  were evaporated  to  dryness ,  the re s id u e  

r e c o n s t i t u t e d  in 250 ml d i e t h y l  e t h e r  and d r i e d  over excess,  

anhydrous sodium su lp h a te  f o r  12 h.

The s p e c i f i c i t y  o f  the p h e n o l i c  e x t r a c t i o n  procedure used was 

monitored by the a d d i t i o n  o f  t r a c e  amounts o f  r a d i o l a b e l l e d  

pro gesterone  and o e s t r a d i o I - 1 7fl to  s e p ara te  10 ml volumes o f  

petro leum e t h e r .  Typ ica l  p r o p o r t io n s  o f  recovered  [3H ]progesterone  

(93*9% o f  t o t a l  added)  in each o f  the n e u t r a l  and p h e n o l ic  e x t r a c t s  

were 95*7% and 3*2% r e s p e c t i v e l y ,  w i t h  less than 2% o f  the  

r a d i o l a b e l  rem aining u n e x t r a c te d  in the re s i d u a l  p o r t i o n .  Of the  

[ 3H ]o e s b a d io I -173  recovered (91*0% o f  the t o t a l  added)  14*8% was
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e x t r a c t e d  in to  the n e u t r a l  p o r t i o n  w h i l s t  84*0% was present  in the  

p h e n o l i c  e x t r a c t  w i t h  less than 2% in the r e s id u a l  p o r t i o n .

A f t e r  12 h, the s o l i d  sodium s u lp h a te  was removed from the  

e t h e r  by f i t r a t i o n ,  and a l l  s ep ara te  n e u t r a l  and p h e n o l ic  e x t r a c t s  

were combined. The d i e t h y l  e t h e r  was evaporated  to dryness on a 

r o t a r y  e v a p o r a t o r ,  and the s t e r o i d s  were r e d is s o lv e d  in 50 ml 

a b s o lu t e  e t h a n o l .  A p o r t io n  (20  ml)  o f  the ethanol  was taken f o r  

TLC and the remainer (30 ml)  was taken f o r  HPLC.

3 . 2 . 6 . 2  Faeces

E t h a n o l i c  e x t r a c t s  were evap orated  to  dryness and the re s id u e  

r e c o n s t i t u t e d  in 10 ml petro leum e th e r  b e f o re  p h e n o l ic  e x t r a c t i o n .  

D u p l i c a t e  p o r t i o n s  ( I  ml)  o f  n e u t r a l  and p h e n o l ic  e x t r a c t s ,  and 

aqueous r e s i d u e ,  were added to  s c i n t i l l a t i o n  v i a l s  w i t h  10 ml 

s c i n t i l l a t i o n  f l u i d  and the r a d i o a c t i v i t y  counted f o r  10 min.  

E t h a n o l i c  e x t r a c t s  were evapora ted ,  the re s id u e  r e c o n s t i t u t e d  in 250 

ml d i e t h y l  e th e r  and d r ie d  over excess,  anhydrous sodium su lp hate  

f o r  12 h. The s o l i d  m a t t e r  was removed from the e th e r  by 

f i l t r a t i o n ,  and a l l  n e u t ra l  and p h e n o l ic  e x t r a c t s  were combined.  

The d i e t h y l  e th y e r  was evaporated to  dryness on a r o t a r y  e v a p o r a to r ,  

and the s t e r o i d s  re d is s o lv e d  in 50 ml a b s o lu te  e t h a n o l .  A p o r t i o n  

(20 m l )  o f  the ethanol  was taken f o r  TLC and the remainder (30  m l)  

was taken f o r  HPLC.

3 . 2 . 7  Chrom atographic s e p a ra t io n  and i d e n t i f i c a t i o n  o f  s te r o id s

3 . 2 . 7 . 1  Th in la yer  chromatography.

Thin la ye r  chromatography (TLC) was used f o r  the p r e l i m i n a r y  

s e p a r a t io n  o f  r a d i o l a b e l l e d  u r i n a r y  s t e r o i d  m e t a b o l i t e s ,  to 

i n d i c a t e  which standards would be most in f o r m a t i v e  to run on HPLC. 

N e u t ra l  and p h e n o l ic  e x t r a c t s  from u r in e  and fa eces  were evaporated  

to dryness on a r o t a r y  eva po ra to r  and s t e r o i d s  were re d is s o lv e d  in 

1*5 ml f r e s h l y  d i s t i l l e d  d i e t h y l  e t h e r .
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TLC p l a t e s  were prepared in d u p l i c a t e  f o r  n e u t ra l  and p h e n o l ic  

s t e r o i d s  s e p a r a t e ly  by s p o t t in g  e x t r a c t s  ( 0 * 5  ml)  and s tandards ( I  

pg in 0 *5  ml d i e t h y l  e t h e r )  on the o r i g i n  o f  the p l a t e .  N eu t ra l  

s t e r o i d s  were separa ted  w i t h  a s o lv e n t  o f  to Iu e n e : e th y I  a c e t a t e  

( 6 0 : 4 0 ,  v / v ) ,  and p h e n o l ic  s t e r o i d s  were separa ted  w i t h  a s o lv e n t  o f  

c y c loh e xa n e :e th y I  a c e t a t e  ( 6 5 : 3 5 ,  v / v )  as descr ib ed  in s e c t io n  2 . 4 .  

P l a t e s  were d iv i d e d  in to  two p o r t i o n s ,  one c o n t a in in g  separated  

r a d i o I a b e I  Ied s t e r o i d s  and one c o n t a in in g  s tan d ard s .  Standards were 

developed and the p o s i t i o n  and Rf  va lu e  o f  each s t e r o i d  recorded .  

S t r i p s  ( 0 * 5  cm in h e i g h t )  o f  p l a t e  c o n t a in in g  r a d i o l a b e l l e d  s t e r o i d s  

were placed in s c i n t i l l a t i o n  v i a l s  w i t h  10 ml s c i n t i l l a t i o n  f l u i d .  

V i a l s  were l e f t  to stand f o r  3 h to  e q u i l i b r a t e  b e fo re  the  

r a d i o a c t i v i t y  in each was counted f o r  10 min to  de termine  the 

p o s i t i o n  and Rf va lu e  o f  r a d i o I a b e I  Ied s t e r o i d s .

3 . 2 . 7 . 2  High performance l i q u i d  chromatography.

S ep ara t io n s  were achieved  using a L ic h ro s o rb  s i l i c a  60 column 

as described  in s e c t io n  2 . 5 .  For fa e c a l  s t e r o i d s  2 HPLC runs were 

completed f o r  both n e u t ra l  and p h e n o l ic  s t e r o i d s  (a cco rd in g  to the  

methods in s e c t io n s  2 . 5 . 2  and 2 . 5 . 3  r e s p e c t i v e l y ) .  For the a n a l y s i s  

o f  u r i n e ,  4 HPLC runs were c a r r i e d  out  on both the conjugated  and 

unconjugated p h e n o l ic  s t e r o i d  f r a c t i o n s  and f o r  each o f  the n e u t r a l  

s t e r o i d  f r a c t i o n s  (unconjugated  and c o n ju g a t e d ) .

N eut ra l  and p h e n o l ic  e x t r a c t s  from u r i n e  and faeces  were 

evap ora ted  to dryness on a r o t a r y  e v a p o r a t o r .  N e u t ra l  s t e r o i d s  were 

r e d is s o lv e d  in 4 *0  ml o f  a m ix t u re  o f  c h lo ro fo rm  and nr hexane 

( 7 0 : 3 0 ,  v / v )  and a f u r t h e r  0 *5  ml s o l v e n t ,  c o n t a in i n g  app ro x im a te ly  

6 0 ,0 0 0  cpm each o f  [ 3 H lp r o g e s te r o n e ,  [3H120a-DHP and

[3H lp regnaned io l  was added. A l i q u o t s  o f  I ml (n=4 )  were in j e c t e d  

onto  the HPLC. P h e n o l ic  s t e r o i d s  were r e d i s s o l v e d  in 4 * 0  ml o f  a 

m ix t u re  o f  ch loro form and n-hexane ( 5 0 : 5 0 ,  v / v ) ,  and a f u r t h e r  0 *5  

ml s o lv e n t ,  c o n t i n in g  ap p ro x im a te ly  6 0 ,0 0 0  cpm each o f  

[3 H lo e s t r o n e ,  [ 3 H 3 o e s t r a d i o I -1 73  and [ 3 H 3 o e s t r a d i o I - 17a was added.  

A l i q u o t s  o f  1 ml (n =4 )  were i n j e c t e d  onto the HPLC.
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F r a c t i o n s  ( I  m l)  were c o l l e c t e d  over 30 min,  the s o lven t  

evaporated to dryness in a vacuum c e n t r i f u g e .  Residues were

r e d is s o lv e d  in 1 ml ethanol  and d u p l i c a t e  p o r t i o n s  (0*1 ml)  o f  each 

f r a c t i o n  were added to  a s c i n t i l l a t i o n  v i a l  w i t h  3 ml s c i n t i l l a t i o n  

f l u i d  and 3H and * 4C r a d i o a c t i v i t y  counted in each on a t r i c a r b  

l i q u i d  s c i n t i l l a t i o n  a n a ly s e r  (P a c k a r d ) .  Using a spectrum a n a ly s e r ,  

c a l i b r a t e d  in keV, the reg ion  0 - 1 8 . 6  keV (3H Em«x=18.6 keV)  was used 

to measure 3H r a d i o a c t i v i t y  and the r eg io n  0 - 1 5 6  keV 0 4C Em« x - I 5 6  

keV) used to  measure <4C r a d i o a c t i v i t y .  By c o n s id er in g  the  

composite spectrum o b ta in e d ,  c o r r e c t i o n s  were made f o r  *4C to 3H 

crossover by the s c i n t i l l a t i o n  a n a ly s e r  which a l s o  prov ided  a 3H / i *C 

r a t i o  va lue f o r  each f r a c t i o n .  |The e f f i c i e n c y  o f  count ing  14C - la b e l  

was 85%, w h i l s t  the e f f i c i e n c y  o f  count ing 3H was 54%.

HPLC e l u t i o n  f r a c t i o n s  c o n t a in in g  *4C-1abeI  led n e u t ra l  

s t e r o i d s  in u r i n e ,  c o - e l u t i n g  w i t h  3 H - l a b e l l e d  s tandards ,  were 

combined and d iv id e d  in to  two p o r t i o n s .  S t e r o i d s  in one p o r t i o n  

underwent d e r i v a t i z a t i o n , w h i l s t  those in the o the r  p o r t io n  were

r e c r y s t a l l i z e d .  H C - l a b e l l e d  p h e n o l ic  s t e r o i d s  were combined and 

underwent r e c r y s t a l l i z a t i o n  o n ly .  Due to  i n s u f f i c i e n t  r a d i o l a b e l ,

, 4 C - l a b e l l e d  s t e r o i d s  in faeces  were not ana lysed f u r t h e r .

3 . 2 . 7 . 3  Der i va t  i za t  i o n .

i 4C- label led n e u t r a l  s t e r o i d s  in HPLC f r a c t i o n s  i d e n t i f i e d  by 

c o e lu t io n  w i t h  3H s tandards were d e r i v a t i z e d  by s e l e c t i v e  red u ct io n  

o f  the 3-oxo groups ( n«=2 ) .  Th is  method o f  der i va t  i za t  ion was chosen 

as i t  produces good y i e l d s  o f  r e l a t e d  3 - h y d r o x y s t e r o id s ,  w i t h  the  

e q u i t o r i a l  isomer be ing formed almost  e x c l u s i v e l y .  The ketone

groups a t  p o s i t i o n s  I I ,  12, 17 and 20 remain unchanged which

p revents  the fo rm a t io n  o f  many d i f f e r e n t  compounds which would 

co mplica te  the HPLC p r o f i l e  o b t a in e d .  HPLC f r a c t i o n s  were 

evaporated  to dryness in a vacuum c e n t r i f u g e  and the s t e r o i d s  

r e d is s o lv e d  in 9 ml methanol p r i o r  to  d e r i v a t i s a t i o n  (see s e c t io n  

2 . 3 . 7 ) .
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A f t e r  the d e r i v a t i z a t i o n  procedure ,  s t e r o i d s  were 

r e c o n s t i t u t e d  in i n i t i a l  chromatography s o lv e n t  ( 2 * 2 5  m l )  and two

p o r t i o n s  ( 1 * 0  m l)  ana lysed by HPLC. F r a c t i o n s  ( I  m l )  were c o l l e c t e d

and the so lv en t  evaporated to  dryness on a vacuum c e n t r i f u g e .  

S t e r o id s  were r e d i s s o lv e d  in 1 ml phosphate b u f f e r ,  and d u p l i c a t e  

p o r t i o n s  (0*1 ml)  added to a s c i n t i l l a t i o n  v i a l  w i t h  3 ml

s c i n t i l l a t i o n  f l u i d .  F r a c t io n s  were counted f o r  3H and >4C

rad i oact  i v i t y .

3 . 2 . 7 . 4  Recrys ta l  I i z a t i o n

The i d e n t i t y  o f  i 4C - l a b e l l e d  s t e r o i d  m e t a b o l i t e s  c o - e l u t i n g  

w i t h  3 H - s t e r o i d s  on HPLC was determined  by r e c r y s t a l l i z a t i o n  to  

constant  s p e c i f i c  a c t i v i t y  and 3H /<4C r a t i o  as d escr ib ed  in s e c t io n

2 . 7 .

3 . 3  RESULTS

3 . 3 . 1  D i s t r i b u t i o n  o f  r a d i o l a b e l l e d  s t e r o i d s

The volumes o f  u r i n e  and mass o f  faeces  ex c re te d  on each of  

the 4 days o f  the experiment a re  shown in Tab le  3 . 1 .  Very l i t t l e

u r in e  and no faeces  were e x c r e te d  on Day 1, the  day o f  the

r a d i o l a b e l  i n j e c t i o n ,  presumably w h i l s t  the animal recovered from  

the sedat io n  procedure.  Over the f o l l o w i n g  3 days,  the volume o f  

u r in e  excre te d  ranged from 8 * 7 - 2 1 * 4  l i t r e s  and the mass o f  faeces  

ranged from 2 5 * 5 - 4 7 * 7  Kg.

By d i r e c t l y  count ing  a l i q u o t s  o f  u r i n e ,  the r a d i o a c t i v i t y  in 

0 * 2 5 ,  0 *5  and 1 ml volumes o f  u r i n e  e x c r e te d  on each day o f  the

exper imen tal  p e r io d  was determined  and an average va lu e  f o r  the cpm

in I ml o f  each sample was ob ta ined  ( T a b le  3 . 2 ) .  The smal l q u a n t i t y  

o f  u r in e  e xcre te d  on Day 1 o f  the exper iment co nta in ed  very low 

l e v e l s  o f  r a d i o a c t i v i t y  ( 1 1 7 * 8  cpm/ml) .  The average r a d i o a c t i v i t y
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T ab le  3 . 1 .  Volume o f  u r i n e  and mass o f  faec es  e x c re t e d  on each day 

o f  the  exper im ent ,  f o l l o w i n g  the  i . v .  i n j e c t i o n  o f  i * C - l a b e l l e d  

o e s t r a d io l - 1 7 ( J  and pro gesterone  on Day 1.

day vol ume 

u r i n e  e x c re te d  

( 1 )

w e ig ht  

fa e c e s  e x c r e te d  

( k g )

1 0*03 -

2 2 0 -0 26 -5

3 8 - 7 3 0 -9

4 21 -4 4 7 - 7
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T ab le  3 . 2 .  R a d i o a c t i v i t y  in d u p l i c a t e  volumes ( 1 t 0 * 5  and 0 *25  m l )  

o f  u r i n e  c o l l e c t e d  on each day o f  the e xp er im en t ,  f rom which the  

average  cpm/ml was c a l c u l a t e d .

volume ur ine ( m l )

0 *25 0 * 5 1*0 average

cpm/ml

Day 1 13 56 189

16 46 198

Av/ml 58 102 193*5 1 17*8

Day 2 1586 2881 5317

1582 2921 5348

Av/ml 6336 5802 5332*5 5823*5

Day 3 1 14 217 387

109 225 408

Av/ml 446 442 397*5 428*5

Day 4 79 153 285

75 149 268

Av/ml 308 302 276*5 295*5
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in 1 ml u r i n e  e x c r e te d  on Day 2 was r e l a t i v e l y  constant  when 

c a l c u l a t e d  from each volume counted,  and r e s u l t e d  in a mean va lue  

of  ap pro x im ate ly  5000 cpm/ml. Lesser amounts o f  r a d i o a c t i v i t y ,  

428*5 and 295*5  cpm/ml, were ex c re te d  on Days 3 and 4 r e s p e c t i v e l y .

The t o t a l  r a d i o a c t i v i t y  e x c re te d  in to  the u r i n e  each day was 

c a l c u l a t e d  and is shown in Tab le  3 . 3 .  The g r e a t e s t  amount o f  

r a d i o a c t i v i t y  (1*17x10® cpm) was e x c r e t e d  i n t o  the u r i n e  on Day 2 

w i t h  r e l a t i v e l y  small  numbers o f  counts (3*73x10® and 6*32x10®)  

being excre te d  on Days 3 and 4 o f  the expe r im en t .

The r a d i o a c t i v i t y  in both the f i r s t  and second ethanol  

e x t r a c t s  o f  faeces  was determined , and the r e s u l t s  a re  shown in 

Table 3 . 4 .  The va lu es  f o r  the two ethanol  e x t r a c t s  o b ta in ed  from  

faeces c o l l e c t e d  on each day were then combined and an average  

f i g u r e  f o r  the cpm/ml o f  each e x t r a c t  ( a  t o t a l  o f  2 0 0  m l )  was then 

c a l c u l a t e d .  No fa e c e s ,  and thus no r a d i o a c f t i v i t y  was e xc re te d  on 

Day 1 o f  the exper im ent .  Again the g r e a t e s t  amount o f  r a d i o a c t i v i t y  

was found in the e x t r a c t  o f  the Day 2 fa e c a l  sample (42 0 1 *2  cpm/ml)  

w i th  sm a l le r  but  s i g n i f i c a n t  amounts o f  r a d i o a c t i v i t y  being exc re te d  

in to  the faeces  on Days 3 and 4 (2 6 8 5 *7  and 730*9  cpm/ml

respect  i v e I y ) .

Table 3 . 5  shows the t o t a l  r a d i o a c t i v i t y  in each 250 g 

fa e c a l  e x t r a c t .  The t o t a l  r a d i o a c t i v i t y  e x c r e te d  v i a  the faeces  per  

day was then c a l c u l a t e d .  The m a j o r i t y  o f  r a d i o a c t i v i t y  ( 9 * 3 x l 0 7 

cpm) was e xc re te d  on Day 2 o f  the exp e r im en t ,  a l th o u g h ,  in c o n t r a s t  

to the s i t u a t i o n  in the u r i n e ,  s i g n i f i c a n t  amounts o f  

r a d i o a c t i v i t y  ( 6 * 6 4 x 1 0 7 and 2 *79x1 0 7 cpm) were a ls o  e xc re te d  on the  

f i n a l  2  days o f  the exper im ent .

Tab le  3 . 6  shows the r a d i o a c t i v i t y  (expressed both as a 

percentage o f  the t o t a l  recovered and t o t a l  a d m in is t e r e d )  in the  

u r i n e  and faeces  on each o f  the 4 days. From t h i s  t a b l e  i t  can be 

seen t h a t  over 65X o f  the recovered label  was p resent  in u r in e  and 

faeces  excre ted  on Day 2 o f  the exp er im en t .  W h i l s t  a s l i g h t l y
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Tab le  3 . 3 .  T o ta l  r a d i o a c t i v i t y  (cpm) e x c r e t e d  i n t o  th e  u r i n e  by a 

fem ale southern w h i t e  r h in o c e ro s  on each o f  the 4 days o f  the  

exper im ent .

day average  

cpm/ml u r i n e

vol ume 

u r i n e  e x c r e te d  

( 1 )

t o t a l  cpm 

e x c re te d  per  day

1 1 14-5 0 -03 3-43x103

2 5823-5 2 0 - 0 1-17x103

3 428-5 8 - 7 3-73x106

4 295-5 2 1 - 4 6-32x106
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Tab le  3 . 4 .  R a d i o a c t i v i t y  in f o u r  volumes ( 1 ,  0 * 5  and 0 *25  ml)  o f  2 

ethanol  e x t r a c t s  o f  faeces  c o l l e c t e d  on each day o f  the experim ent ,  

f rom which the average cpm/ml e x t r a c t  was c a l c u l a t e d .

day
cpm/ vol  ( m l )  d i l u t e d  ethanol  

e x t r a c t  o f  faeces

0 -2 5 0 -5 1 - 0 average cpm/ml 
( e q u i v a l e n t  to  cpm/ 

0 * 1  ml e x t r a c t )

1 - - - -

2 80 173 366
f i r s t 81 159 316
e x t r a c t  i on 72 154 419

91 203 364
Av/ml 324 344*5 366 344*8

second 18 27 138
e x t r a c t  ion 15 36 6 8

2 1 30 75
23 34 51

Av/ml 77 63*5 83 74*52

3 36 1 19 242
f i r s t 37 1 1 1 243
e x t r a c t  ion 29 1 14 216

48 109 213
Av/ml 150 226*5 228*5 201*67

second 27 26 39
e x t r a c t  i on 49 2 2 31

1 1 2 2 46
27 2 1 49

Av/ml 1 14 45*5 41 .25 6 6 *9

4 9 21 76
f  i r s t 13 2 2 92
e x t r a c t  i on 17 26 41

14 25 87
Av/ml 53 47 74 50*09

second 5 8 1 2

e x t r a c t  ion 4 9 1 1

5 1 0 1 1

3 7 1 1

Av/ml 17 17 1 1 15*0
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T a b le  3 . 5 .  T o ta l  r a d i o a c t i v i t y  (cpm) e x c re te d  in t o  the faeces  by a 

fem a le  southern w h i t e  rh in o ce ro s  on each o f  the 4 days o f  the  

exper im e n t .

day average  

cpm/m1 

e x t r a c t

cpm/ 2 0 0  ml 

e x t r a c t  

(250  g)

cpm/Kg mass e x c re te d  

per  day 

( k g )

t o t a l  

e x c re te d  

cpm/day

1

2 4201-2 8-40x105 3-36x10^ 26 -5 8-90x107

3 2685-7 5-37x105 2-15x106 3 0 -9 6 - 6 4 x 107

4 730-9 1-46x105 5-85x105 47 -7 2-79x107
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T a b le  3 . 6 .  H C - R a d i o a c t i v i t y  e x c r e te d  i n t o  the  u r i n e  and faeces  

expressed as a percentage  o f  the t o t a l  H C - r a d i o l a b e l  recovered in 

u r i n e  and faeces  combined.

ur i ne faeces

day cpm/day X t o t a l  

recovered

X t o t a l  

i n je c t e d

cpm/day X t o t a l

recovered

X t o t a l  

i n je c t e d

1 3-43x103 1•1x10-7 6 -0 x 1 0 -6 - - -

2 1•!7x108 38-0 2 3 -0 8-90x107 28- 1 17-0

3 3-73x106 1 -2 0 -7 6-64x107 2 1 -6 13-1

4 6-32x106 2 -0 1-2 2-79x107 9-  1 5 -5

t o t a 1 41 -2 2 4 - 9 58 -8 35 -6
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higher p r o p o r t io n  o f  the recovered label  was p resent  in fa e c e s ,  both  

u r i n a r y  (24*9%) and fa e c a l  (35*6%) ro u tes  o f  e x c r e t i o n  were seen to  

be important  in the o v e r a l l  recovery  o f  61% o f  the

ad m in is te red  r a d i o l a b e l  over the 4 day exper im enta l  p e r i o d .  Over  

40% o f  the i n j e c t e d  r a d i o l a b e l  was ex c re te d  in the u r i n e  and faeces  

on Day 2, and i t  was these samples t h a t  were f u r t h e r  ana lysed .

A t y p i c a l  s e p a r a t io n  o f  counts in to  the s o lv e n t  (unconju gated)  

and aqueous (co n ju g a te d )  f r a c t i o n s  a f t e r  e t h e r  e x t r a c t i o n  o f  Day 2 

u r i n e  (50  ml)  is shown in Tab le  3 . 7 a .  The counts presented  a re

c o r re c te d  f o r  procedural  losses (see s e c t io n  3 . 2 . 5 .  I f o r  method o f  

d e t e r m in a t i o n )  and f o r  quench d u r in g  c o u n t in g .  Of the 2*0x105 Cpm 

present  in the 50 ml o f  u r i n e ,  54*1% (1*573x105 cpm) was present  in 

the e th e r  e x t r a c t ,  i e .  a s s o c ia te d  w i t h  unconjugated s t e r o i d s ,  w h i l s t  

39*0% ( 1 *1 34x 1 05 )  remained in the aqueous phase,  i e .  as s o c ia te d  w i t h  

conjugated s t e r o i d s .  An o v e r a l l  recovery  o f  93*1% o f  the t o t a l  

counts ( T O  i n i t i a l l y  p resent  in the u r i n e  was o b ta in e d .  The 

p ro p o r t io n s  o f  r a d i o a c t i v i t y  as s o c ia te d  w i t h  conjugated  and 

unconjugated s t e r o i d s ,  a f t e r  7 such e t h e r  e x t r a c t i o n s  o f  Day 2 

u r i n e ,  a re  shown in Tab le  3 .7 b .  Mean va lu es  f o r  the percentage o f  

r a d i o a c t i v i t y  in each f r a c t i o n  were s i m i l a r  to  those ob ta ined  in the 

example described  above. C o n s i s t e n t l y  h ig her  amounts o f

r a d i o a c t i v i t y  were d e te c te d  in the e t h e r  phase (51*4%) than in the

aqueous f r a c t i o n  (41*2%) in a l l  e x t r a c t i o n s .  However, a f t e r  e th e r

e x t r a c t i o n  o f  fa e c a l  e x t r a c t s  ( / t=2,  not shown), 92.4% o f  s t e r o i d s  

were found to  be p resent  in the e t h e r ,  i e .  in the  unconjugated form.

Both the unconjugated and conjugated s t e r o i d s  in u r in e  

underwent p h e n o l ic  e x t r a c t i o n  on 7 s ep ara te  occas ions ,  and the  

p ro p o r t io n s  o f  r a d i o a c t i v i t y  a s s o c ia te d  w i t h  n e u t r a l  and p h e n o l ic  

s t e r o i d s  are  shown in Tab le  3 . 8 b .  The a c tu a l  s e p a r a t io n  o f  counts  

in p h e n o l ic  e x t r a c t i o n  I is shown above in Tab le  3 . 8 a .  From a 

t o t a l  o f  141,061 cpm in the 10 ml o f  r e c o n s t i t u t e d  e th e r  e x t r a c t  

(containing unconjugated s t e r o i d s )  9 7 ,6 1 4  cpm (69*2%) were present  in
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Table  3 . 7 a .  l * C - R a d i o a c t i v I t y  (cpm) in a p o r t i o n  o f  Day 2 u r i n e  (5 0  

m l ) f and in the e t h e r  (u nc o n ju g a ted )  and aqueous (c o n ju g a t e d )  phases 

a f t e r  a r e p r e s e n t a t i v e  e t h e r  e x t r a c t i o n .

cpm/ml cpm/50ml X t o t a l  counts

t o t a l  counts 5814*3 2*907x105

eth er  phase 3146*5 1*573x105 54* 1

aqueous phase 2 2 6 7 .6 1•134x105 39*0

t o t a l  recovery  
of r a d i o la b e l 93*  1

Table  3 .7 b .  Mean+sem percentage  o f  1 * O r a d i © a c t  i v i ty  in the e th e r  

e x t r a c t  and aqueous phase a f t e r  7 sep ara te  e t h e r  e x t r a c t i o n s  o f  Day 

2  u r i n e ,  to s epara te  unconjugated and conjugated  s t e r o i d s .

e x t r a c t  ion X r a d i o l a b e l

e t h e r  e x t r a c t  
(unco n ju g ated )

aqueous phase 
( c o n ju g a t e d )

1 54* 1 39*0

2 60 *8 38*8

3 49*9 4 0 *6

4 54*0 38*1

5 49*0 43*2

6 51 • 1 45 *0

7 44*0 41 • 1

meanis .e .m . 5 1 * 4 i 2 * 10 41*2+0 *98

c o e f f  i c i  ent
o f  v a r i a t i o n  1 0 * 8 6 * 2

■
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T a b le  3 . 8 a .  1* C - R a d i o a c t i v i t y  (cpm) a s s o c ia t e d  w i t h  n e u t r a l

(p ro g e s te ro n e  m e t a b o l i t e s )  and p h e n o l ic  (o e s t ro g e n s )  s t e r o i d s  in 

unconjugated and hyd ro lysed  conjugated f r a c t i o n s  sep ara ted  from 50 

ml u r i n e ,  a f t e r  a r e p r e s e n t a t i v e  p h e n o l ic  e x t r a c t i o n .

u
cpm/m1 

e x t r a c t

neonjugat  
cpm 
/ 1 0 ml

sd
% t o t a l  

counts
cpm/m1 

e x t r a c t

conjugate
cpm
/ 1 0 ml

d
% t o t a 1 

counts

t o t a  1 
counts

n e u t r a 1s

pheno1 s

14106-1 

9761-4  

4076-7

141061

97614

40767

69 -2

28 -9

11012-9  

4515-3  

4 8 12 -6

110129 

45153 

48126

41 -0 

43 -7

%to tal  
recovery  
o f  label 98-1 84*7

T a b le  3 . 8 b .  Mean+sem percentage  o f  1* C - r a d i o a c t i v i t y  in the n e u t r a l  

and p h e n o l ic  phases a f t e r  7 s e p a ra te  p h e n o l ic  e x t r a c t i o n s  o f  Day 2 

u r i n e ,  to  sep a ra te  progeste rone  m e t a b o l i t e s  and oestrogens .

phenol i  c unconjugated conjugated
e x t r a c t  i on n e u t r a 1s pheno1s n e u t r a 1s phenols

1 69 -2 28 -9 41 0 43-7

2 72 -3 2 1 - 6 50 5 44-2

3 6 8 - 0 30- 1 48 5 4 1 -2

4 6 4 -0 2 9 - 4 50 0 38- 1

5 69- 1 29 -3 52 1 40-3

6 71 -5 2 4 -0 52 2 46-1

7 73-0 26 -0 52 4 36 -3

mean+s.e.m. 6 9 -5 9 + 1 -0 8 2 7 -0 4+1 •14 49 53+1-41 4 1 -4 0+1 -23

C o f  V (%) 4-  1 1 1 - 1 7 5 7-8
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the n e u t r a l  p o r t io n  w h i l s t  4 0 ,7 6 7  cpm (28*9%) were e x t r a c t e d  by 

a l k a l i  in to  the p h e n o l ic  p o r t i o n .  S i m i l a r l y ,  o f  the r a d i o a c t i v i t y  

( I 1 0 , l 2 9 c p m )  a s s o c ia te d  w i t h  conjugated  s t e r o i d s ,  4 5 ,1 5 3  cpm 

(41*0%) were p resent  in the n e u t r a l  p o r t i o n  w h i l s t  4 8 ,1 2 6  cpm 

(43*7%) were as s o c ia te d  w i t h  p h e n o l ic  s t e r o i d s  In both cases less  

than 15 % o f  the t o t a l  r a d i o l a b e l  present  remain ined  in the aqueous 

( i e .  d i l u t e  sodium hydroxide  s o l u t i o n )  and was not a v a i l a b l e  f o r  

f u r t h e r  a n a l y s i s .  These r e s u l t s  a re  t y p i c a l  f o r  the p h e n o l ic  

e x t r a c t i o n s  performed which o v e r a l l  demonstrated t h a t ,  in the  

unconjugated p o r t io n  a la r g e r  p r o p o r t io n  o f  r a d i o a c t i v i t y  was 

a ss oc ia te d  w i t h  n e u t r a l  (69*6%) than p h e n o l ic  s t e r o i d s  (27*0% ) ,  

whereas s i m i l a r  p r o p o r t io n s  o f  n e u t ra l  and p h e n o l ic  s t e r o i d s  were 

seen as conjugates  (49*5% and 41*4% r e s p e c t i v e l y ) .  O v e r a l l ,  a 

higher  percentage o f  r a d i o a c t i v i t y  in the u r i n e  was presen t  as 

progestero ne  m e t a b o l i t e s  (63*5%; 37*1% unconjugated and 26*4%

conjugated)  than as oestrogens (36*5%; 14*4% unconjugated and 22*1%

c o n ju g a te d ) .  Whereas progestero ne  m e t a b o l i t e s  were predominant  in 

the u r i n e ,  repeated  p h e n o l ic  e x t r a c t i o n  ( n=4 )  demonstrated t h a t  the  

m a j o r i t y  o f  the r a d i o a c t i v i t y  in faeces  (71*0%)  was as s o c ia te d  w i t h  

oestrogens (see Table 3 . 9 ) .

3 . 3 . 2  I d e n t i f i c a t i o n  o f  r a d i o l a b e l l e d  s t e r o i d s

3 . 3 . 2 . I Ur i ne

The p o s i t i o n  o f  r a d i o a c t i v i t y  on the TLC p l a t e ,  in r e l a t i o n  to  

the m o b i l i t y  o f  the r e f e r e n c e  s tandard s  f o r  n e u t r a l  and p h en o l ic  

s t e r o i d s  in u r i n e  is shown in F ig u res  3 . 4 a  and b r e s p e c t i v e l y .  

The data  presented  re p re s e n ts  t h a t  o b ta in ed  from I o f  3 s i m i l a r  TLC 

runs f o r  each group o f  s t e r o i d s .

For n e u t r a l  s t e r o i d s ,  in the unconjugated f r a c t i o n  a s i n g l e  

peak o f  r a d i o a c t i v i t y  was seen w i t h  the same Rf  va lu e  as the  

progesterone s tan d ard .  S i m i l a r l y ,  in the conjugated  f r a c t i o n ,  a 

s i n g l e  r a d i o a c t i v e  peak was seen w i t h  an Rf va lu e  s i m i l a r  to  t h a t  o f
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T a b le  3 . 9 .  Mean+sem p ercentage  o f  l * C - r a d i o a c t i v i t y  in the  n e u t r a l  

and p h e n o l i c  phases a f t e r  4 s e p a r a te  p h e n o l i c  e x t r a c t i o n s  o f  Day 2 

f a e c e s ,  to  s ep ara te  p rogesterone  m e t a b o l i t e s  and oe s t rogens .

p h eno l i  c unconjugated

e x t r a c t  i on n e u t r a l s phenols

1 2 1  • 1 72 -6

2 24-7 71 -2

3 26*0 6 9 - 9

4 2 0 - 8 70-3

m ean is .e .m 2 3 - 1 5 ± 1•12 71•00+0*52

C o f  V 9*7 1 -4
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F ig u re  3 . 4 a .  S ep a ra t io n  o f  U 4 C] r a d i o a c t i v i t y  as s o c ia te d  w i t h  

n e u t ra l  s t e r o i d s  in Day 2 u r i n e  on TLC p l a t e s .  Hatched boxes 

represent  the m i g r a t io n  o f  unconjugated r a d i o a c t i v i t y  on the p l a t e ,  

w h i l s t  open boxes i n d i c a t e  the leve l  o f  r a d i o a c t i v i t y  asso c ia te d  

w i th  conjugated (h yd r o ly s e d )  n e u t r a l  s t e r o i d s .  The p o s i t i o n  o f  the  

un label  led standards on the TLC p l a t e ,  5($-pregnanedioI , 17a-

hydroxyprogesterone , 20a-DHP and pro g es te ro ne ,  a re  shown above 

(c lo se d  boxes) .

F igure  3 . 4 b .  S ep a ra t io n  o f  ( , 4 C1 r a d i o a c t i v i t y  a sso c ia te d  w i t h  

p h e n o l ic  s t e r o i d s  in Day 2 u r i n e  on TLC p l a t e s .  Hatched boxes 

rep resen t  the m i g r a t io n  o f  unconjugated r a d i o a c t i v i t y  on the p l a t e ,  

w h i l s t  open boxes in d i c a t e  the leve l  o f  r a d i o a c t i v i t y  asso c ia ted  

w i t h  conjugated  (h y d r o ly s e d )  p h e n o l ic  s t e r o i d s .  The p o s i t i o n  o f  the 

u n la b e l l e d  s tandards on the TLC p l a t e ,  o e s t r i o l ,  o e s t r a d i o l - 1 7 a / f J  

and o es t ro n e ,  a re  shown above (c lo s e d  b oxes) .
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20a-DHP. Only very  low, background l e v e l s  o f  r a d i o a c t i v i t y  in the  

conjugated  f r a c t i o n  were seen to  correspond w i t h  the pregnanediol  

standard ( 1 1 - 1 3  cm).

Of the p h e n o l ic  s t e r o i d s ,  a s i n g l e  peak o f  ra d io a c t i v i t y  was 

seen in the unconjugated f r a c t i o n  w i t h  the same Rf v a lu e  as t h a t  of  

o es t ro ne .  In the unconjugated f r a c t i o n  a s i m i l a r  r a d i o a c t i v e  area  

was seen w i t h  the same Rf va lue  as the 17a and 17fJ-isomers o f  

o e s t r a d i o l ,  i n d i s t i n g u i s h a b l e  in the TLC system used.

A t y p i c a l  HPLC e l u t i o n  p r o f i l e  o f  unconjugated,  n e u t r a l  

s t e r o i d s  in u r i n e ,  in r e l a t i o n  to t h a t  o f  3 H - 1abeI Ied P4  , is 

shown in F ig  3 . 5  a.  S i m i l a r  s e p a r a t io n s  were o b ta in ed  in fo u r  HPLC 

runs o f  t h i s  f r a c t i o n .  A s i n g l e  peak o f  , 4 C - l a b e l  was i d e n t i f i e d  

in the unconjugated f r a c t i o n  w i t h  a r e t e n t i o n  t ime o f  10 min.  This  

peak o f  i 4 C - la b e l  c o - e l u t e d  w i t h  the [3H lp ro g es te ro n e  s tandard in 

the r a t i o  1*12 ( 3 H / i 4 C ) .  The f r a c t i o n s  c o n t a i n i n g  both * 4C and 3 H-  

r a d i o a c t i v i t y  ( i e .  f r a c t i o n s  19 and 20 )  f rom 2 o f  the 4 HPLC runs 

were taken f o r  r e c r y s t a l l i z a t i o n  w h i l s t  the  f r a c t i o n s  from the two 

remaining runs underwent d e r i v a t i z a t i o n . D e r i v a t i z e d  r a d i o l a b e l s  

were once again  separated  on HPLC to  g ive  an e l u t i o n  p r o f i l e  as 

shown in F ig  3 . 5 b .  A s i n g l e  peak o f  both , 4 C and 3H-rad  i oac /1  i vity 

was seen in f r a c t i o n  28.  Peaks o f  3 H- and 14 C-rad  i oact  i v i t y  not  

only had the same r e t e n t i o n  t ime but  cont inued  to  e l u t e  in s i m i l a r  

p r o p o r t io n s  ( 1 * 2 5 )  to  those o b ta in e d  p r i o r  to  d e r i v a t i z a t i o n  

suggest ing t h a t  they a re  i n f a c t  the same compound.

S i m i l a r l y ,  4 HPLC runs o f  con ju g ated ,  n e u t r a l  s t e r o i d s  in 

u r in e  gave s i m i l a r  e l u t i o n  p r o f i l e s ,  as i l l u s t r a t e d  in F i g .  3 . 6 a .  

HPLC i d e n t i f i e d  a s i n g l e  peak o f  >4 C - l a b e l  in f r a c t i o n  32 which co

e lu t e d  w i t h  [3H120a-DHP in the r a t i o  1*81 ( 3 H / M C ) .  No «4 C - la b e l  

was seen in f r a c t i o n  38,  t h a t  f r a c t i o n  c o n t a in in g  the C 3 H1 

pregnanediol  marker .  F r a c t i o n s  32 (n =2 )  were taken f o r

r e c r y s t a l l i z a t i o n ,  w h i l s t  the same f r a c t i o n s  from the 2  remain ing  

HPLC runs were d e r i v a t i z e d .  HPLC was rep eated  and the e l u t i o n  

p r o f i l e  o f  3H-  and 1 4 C - r a d i o a c t i v i t y  in the conjugated  n e u t r a l
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F ig u r e  3 . 5 .  HPLC e l u t i o n  p r o f i l e s  o f  unconjugated i * C - l a b e l l e d  

n e u t r a l  s t e r o i d s  (p ro g es te ro n e  m e t a b o l i t e s )  in Day 2 u r i n e  

(■■■— ■■ ■ « ) and [3H ]p ro gestero n e  ( - - - - >  b e fo r e  ( a )  and a f t e r

( b )  d e r i v a t i z a t i o n . .
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F ig u r e  3 . 6 .  HPLC e l u t i o n  p r o f i l e s  o f  co n jugated  l 4C - l a b e l l e d  

n e u t r a l  s t e r o i d s  (p ro g es te ron e  m e t a b o l i t e s )  in Day 2 u r i n e  

( — 1 ) t h a t  had p r e v io u s l y  undergone so I v o l y s i s  and [3H120a-

DHP ( - - - - )  b e fo re  ( a )  and a f t e r  ( b )  d e r i v a t i z a t i o n . The e l u t i o n  

p o s i t i o n  o f  5|3-pregnanedioI  on t h i s  HPLC system is in d ic a t e d  above.
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f r a c t i o n  a f t e r  d e r i v a t i z a t i o n  is  shown in F i g .  3 . 6 b .  A s i n g l e  peak 

of  • 4C and 3H r a d i o a c t i v i t y  was seen in f r a c t i o n s  39 and 40.  

R a d i o a c t i v i t y  cont inued  to  e l u t e  in the  same p o s i t i o n ,  and in 

s i m i l a r  p r o p o r t io n s  o f  3 H / , 4 C r a d i o l a b e l  ( 1 * 6 7 ) ,  suggest ing t h a t  

a l l  the i 4 C - r a d i o a c t i v i t y  in the conjugated n e u t r a l  p o r t i o n  o f  u r i n e  

was 20o-DHP.

The HPLC e l u t i o n  p r o f i l e s  o f  unconjugated and co n ju gated ,  

p h e n o l i c  s t e r o i d s  in the u r i n e  a re  shown in F i g .  3 . 7  a and b. The 

e l u t i o n  p r o f i l e s  descr ib ed  a re  r e p r e s e n t a t i v e  o f  the r e s u l t s  

o b ta in e d  from 4 sep ara te  runs.  Two peaks o f  equal amounts o f  , 4 C-  

r a d i o a c t i v i t y  were seen in the unconjugated  p o r t i o n  in f r a c t i o n s  9 

and 23 ,  those a ls o  c o n t a in in g  [3H3oest rone and [3 H 3 o e s t r a d io l - 1 7 f l  

r e s p e c t i v e l y .  ( F i g .  3 . 7  a ) .  In the co njugated  p o r t i o n ,  >4C - l a b e l

was a ls o  seentoelute in 2 peaks ( f r a c t i o n s  9 and 18) which c o - e l u t e d  

w i t h  [3H ]o es t ro n e  and [ 3 H 3 o e s t r a d i o I - 1 7a ( F i g .  3 . 7  b ) .  F r a c t i o n s  

c o n t i n i n g  c o - e l u t i n g  <4C and 3H r a d i o a c t i v i t y  were taken f o r  

r e c r y s t a l  I i z a t i o n .

Data ob ta in ed  f o r  the mass and r a d i o a c t i v i t y  content  o f  

c r y s t a l s  formed over 4 success ive r e c r y s t a l l i z a t i o n s  o f  HPLC 

f r a c t i o n s  w i th  pure ,  unlabelled s t e r o i d s  a re  shown in Tab le  3 . 1 0 .  

F r a c t i o n s  c o n ta in in g  r a d i o l a b e l  a f t e r  HPLC o f  unconjugated n e u t r a l  

s t e r o i d s  were r e c r y s t a I  I i z e d  w i t h  u n l a b e l l e d  progeste rone  to a 

co n stan t  s p e c i f i c  a c t i v i t y  ( 0 * 3 6 - 0 * 3 4  p C i / g )  and 3 H / M C  ( 1 * 1 5 - 1 * 1 4 )  

which p rov id es  f u r t h e r  evidence  t h a t  the 14C - l a b e l  in t h i s  p o r t io n  

o f  the  u r i n e  was pro g es te ro n e .  S i m i l a r  r e s u l t s  were o b ta in ed  f o r  

the r e c r y s t a l l i z a t i o n  o f  HPLC f r a c t i o n s  c o n t a in in g  r a d i o l a b e l  

p re s e n t  in the conjugated  n e u t r a l  p o r t i o n  o f  u r i n e .  The 

r e c r y s t a l l i z a t i o n  o f  r a d i o l a b e l  w i t h  a u t h e n t i c ) 2 0 a -h y d ro x y -4 -p re g n e n -3 -o n e  

(20a-DHP) to cons tant  s p e c i f i c  a c t i v i t y  ( i n i t i a l l y  2 *33  p C i /g  

and f i n a l l y  2*11 p C i /g  w i t h  a c o f  v o f  3 * 9  throughout the 4 

r e c y s t a  I I i za t  i ons)  and 3 H / M C  ( 1 * 8 0 - 1 * 7 1 )  supported the r e s u l t s  

o b ta in e d  by d e r i v a t i z a t i o n  t h a t  a l l  the  conjugated  n e u t r a l  

r a d i o a c t i v i t y  in w h i t e  rh in o cero s  u r i n e  was in the form o f  20a-DHP.
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F ig u r e  3 . 7 .  HPLC e l u t i o n  p r o f i l e s  o f  unconjugated  ( a )  and 

con ju gated  (b )  n C - l a b e l l e d  p h e n o l ic  s t e r o i d s  ( o e s t ro g e n s )  in Day 2 

u r i n e  0 ■ ■) and 3 H - ! a b e l l e d  s tan d ard s ,  o e s t ro n e ,  o e s t r a d i o l - l 7 a

( E 2 l 7 a )  and o e s t r a d i o l - 1 7 3  ( E2 170) ( - - - - ) .
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Tab le  3 . 1 0 .  S p e c i f i c  a c t i v i t y  and 3H/*^C and the c o e f f i c i e n t  o f  

v a r i a t i o n  between 4 success ive r e c r y s t a I  I i z a t i o n s  o f  1 * 0  and 3H-

l a b e l l e d  s t e r o i d s  c o - e l u t i n g  on HPLC w i t h  u n l a b e l l e d  s t e r o i d .

s t e r o i  d c r y s t a 11" 
number

mass 
c r y s t a l s  

( g )

3H
(cpm)

1*C
(cpm)

speci  f i  c 
a c t  i v i t y  
( p C i / g )

3 H / H C

progesterone i n i t i a l 0-0061 5543 4820 0 - 3 6 1 • 15
1 0- 0062 4771 4260 0-31 1 -12
2 0-0062 5113 4525 0-3 3 1 -13
3 0-005 9 4287 3862 0-3 0 1 • 1 1
4 0-002 9 2506 2197 0 - 3 4 1 -14

C o f  V (X) 6 - 5 1-2

20ot-DHP i n i t i a l 0 -0010 9227 5126 2- 33 1 -80
1 0-0007 5729 3292 2-17 1-74
2 0 -0 009 7397 4326 2 -1 4 1-71
3 0 -0 006 4972 2925 2 -0 9 1-70
4 0 -0009 7285 4260 2- 1 1 1-71

C o f  V <%) 3 - 9 2- 1

oes trone i n i t i a l 0- 0006 2299 1277 0-9 7 1 -80
(u n c o n j . ) 1 0 -0007 2262 1396 0-9 2 1 -62

2 0-0006 1766 1 104 0 -8 9 1 -60
3 0 -0 006 2077 1290 0-91 1 -61
4 0-0007 2240 1427 0 -8 9 1 -57

C o f  V (X) 3 -2 5 -0

o e s t r a d i o l i n i t i a l 0 -000 6 1298 827 0-6 5 1 -57
-17B I 0 -0013 2208 1462 0-5 2 1 -51

2 0- 0008 1389 926 0-51 1 -50
3 0-0008 1526 991 0-5 7 1-54
4 0-0010 1549 1046 0-5 0 1 -48

C o f  V (X ) 10- 1 2-1

oestrone i n i t i a l 0-0017 4064 1926 0-51 2-  1 J
(co n ju g a te d ) 1 0 -0 016 4390 2042 0 -5 7 2-  15

2 0- 0017 3952 1873 0 -5 0 2-  11
3 0-0008 1889 926 0 -4 8 2 - 0 4
4 0 -0 014 2820 1410 0 - 4 6 2 -00

C o f  V (X ) 7 - 4 2 - 6

o e s t rad  i o 1 i n i t i a l 0 -0004 2779 989 1 -12 2-81
-1 7 a 1 0 -00 04 2365 863 1 -04 2*74

2 0-0003 1670 621 0 -9 2 2 - 6 9
3 0-0005 2497 946 0*8 9 2 - 6 4
4 c r y s t a l s  lo s t

C o f  V (X ) 9 - 3 2 - 3
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For the p h e n o l ic  s t e r o i d s ,  in the unconjugated p o r t io n  HPLC 

f r a c t i o n  9 containing r a d i o l a b e l  were r e c r y s t a l l i z e d  to constant  

s p e c i f i c  a c t i v i t y  ( 0 * 9 7 - 0 * 8 9  p C i / g )  and 3H/14C ( 1 * 8 0 - 1 * 5 7 )  w i t h  pure  

oestrone w h i l s t  those in f r a c t i o n  23 were r e c r y s t a l l i z e d  w i t h  

o e s t r a d io I  - 1 7 3 .  Of the conjugated  oes trogens ,  oes trone  was a ls o  

i d e n t i f i e d  in t h i s  f r a c t i o n  by r e c r y s t a I  I i z i n g  r a d i o l a b e l  in 

f r a c t i o n s  9 w i t h  a u t h e n ic  s tandard to constan t  s p e c i f i c  a c t i v i t y  (C  

of  V=7*4 )  and 3 H / I4 C .  The r a d i o l a b e l  in f r a c t i o n  18 was 

r e c r y s t a l l i z e d  w i t h  o e s t r a d i o I - 1 7a a l though  the c r y s t a l s  o f  the  

fourth procedure were l o s t .

3 . 3 . 2 . 2  Faeces

The p o s i t i o n  o f  r a d i o a c t i v i t y  on the TLC p l a t e ,  in r e l a t i o n  to 

the m o b i l i t y  o f  the r e f e r e n c e  standards f o r  n e u t r a l  s t e r o i d s  in 

faeces is shown in F i g .  3 . 8 a .  No s i g n i f i c a n t  e l e v a t i o n  o f  the level  

of  r a d i o a c t i v i t y  above background was seen using TLC. However, a 

sm a l l ,  s i n g l e  peak o f  I 4C - r a d i o a c t i v i t y  was i d e n t i f i e d  by HPLC ( F i g  

3 . 9 a )  which c o - e l u t e d  w i t h  [ 3 H lp r o g e s t e r o n e .

The p o s i t i o n  o f  r a d i o a c t i v i t y  on the TLC p l a t e ,  in r e l a t i o n  to  

the m o b i l i t y  of  the re f e r e n c e  s tandards f o r  p h e n o l ic  s t e r o i d s  in 

faeces is shown in F i g .  3 .8 b .  One area  o f  r a d i o a c t i v i t y  was seen 

w i t h  the same Rf va lue  as o e s t r a d i o I - I 7 a / 3 • The

only d e t e c t a b le  peaks o f  ** C - r a d i o a c t i v i t y  in fa e c a l  e x t r a c t s  co

e l u t e d  w i t h  [ 3 H l o e s t r a d i o l - 1 7 a  and [ 3 H l o e s t r a d i o I  - 173 in the  

p h e n o l ic  f r a c t i o n  on HPLC ( F i g .  3 . 9 b ) .

3 . 4  D iscuss ion

This  study has i d e n t i f i e d  the major  m e t a b o l i t e s  o f  i . v .  

i n j e c t e d  r a d i o I a b e I  Ied o e s t r a d i o I -1 73  and progeste rone  in u r in e  and 

faeces  c o l l e c t e d  from a female southern  w h i te  r h in o c e r o s .
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F ig ure  3 . 8 a .  S e p a ra t io n  o f  M 4 C] r a d i o a c t i v i t y  a ss o c ia te d  w i t h

unconjugated n e u t r a l  s t e r o i d s  in Day 2 faeces  on TLC p l a t e s .  The

p o s i t i o n  o f  the u n l a b e l l e d  s tandards on the TLC p l a t e ,  50 -

p reg n an e d io l ,  17 a -h y d ro x y p ro g e s te ro n e , 20a-DHP and pro g es te ro n e ,  a re

shown above (c lo s ed  b oxes) .

F ig u re  3 .8 b .  S e p ara t io n  o f  [>4C1 r a d i o a c t i v i t y  a sso c ia te d  w i t h  

unconjugated p h e n o l ic  s t e r o i d s  in Day 2 faeces  on TLC p l a t e s .  The 

p o s i t i o n  o f  the un label  led stan dard s  on the TLC p l a t e ,  o e s t r i o l ,  

o e s t r a d i o l  l7a /&  and o e s t ro n e ,  a re  shown above (c lo s e d  boxes) .
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F ig u re  3 . 9 a .  HPLC e l u t i o n  p r o f i l e  o f  unconjugated  n C - l a b e l l e d  

n e u t r a l  s t e r o i d s  in Day 2 faeces  (■■ ■ ■■■ ) and 3H - l a b e l l e d

standards ,  p ro g estero n e ,  20a-DHP and 50 -p reg n an ed io I  ( -  -  -  -  ) .

F ig u re  3 .9 b .  HPLC e l u t i o n  p r o f i l e  o f  unconjugated ■ 4 C - Ia b e I  Ied 

p h e n o l ic  s t e r o i d s  in Day 2 faeces  0 1 ■ ■) and 3H - l a b e l l e d  s tandards ,  

oest rone ,  o e s t r a d i o I  - 17a and o e s t r a d i o I  -  170 ( - - - - ) .
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As w i t h  any study in which the f a t e  o f  exgenously ad m in is te red  

s t e r o i d s  is i n v e s t i g a t e d ,  the  r e s u l t s  ob ta in ed  in t h i s  experiment  

must be t r e a t e d  w i t h  some degree o f  c a u t i o n .  For example,  i t  is not  

known whether the f i n d i n g s  presented  here re p r e s e n t  the normal 

p a t t e r n  o f  metabol ism and e x c r e t i o n  o f  s t e r o i d s  in the southern  

w h i te  rh in o c e r o s .  I t  is p o s s ib le  the the l e v e l s  o f  un labe l  led 

" c a r r i e r "  s t e r o i d s  Cl and 10 mg o f  o e s t r a d i o I -173  and progesterone  

r e s p e c t i v e l y ) ,  ad m in is te r e d  in the same p r e p a r a t i o n  as the  

r a d i o l a b e l ,  were above the p h y s io lo g ic a l  c i r c u l a t i n g  l e v e l s  in t h i s  

spec ies and thus a l t e r e d  the n a t u r a l  metabol ism o f  o v a r ia n  s t e r o i d s  

in vi vo.

The r e s u l t s  p resented  here a ls o  apply  to  a s i n g l e  female o f  

unknown re p r o d u c t iv e  s t a t u s  and t h e r e f o r e  the r e s u l t s  may not  be 

r e p r e s e n t a t i v e  o f  a l l  an im als  o f  the s p e c ie s .  As very  l i t t l e  is 

known about the r e p r o d u c t iv e  phys io lo gy  o f  the w h i te  rh in o cero s  i t  

is impossible to say whether t h i s  a n im a l ,  a t  the age o f  27 years ,  

would have had f u n c t i o n a l  o v a r ie s  and whether such f u n c t i o n a l  

o v a r ie s  would a l t e r  the metabol ism o f  a d m in is te r e d  r a d i o I a b e I  Ied 

s t e r o i d s  is u n c le a r .  However, s i m i l a r  s t u d ie s  have pro v id ed  v a lu a b le  

in fo rm at io n  on the r e p r o d u c t i v e  phys io lo gy  o f  e x o t i c  un gula tes  by 

i n v e s t i g a t i n g  s t e r o i d  metabol ism and e x c r e t i o n  in a s i n g l e  an im a l ,  

eg. the okapi ( L o s k u t o f f  e t  a / . ,  1987) and the e le phant  (C z e k a la ,

Roocro ft  and Bates ,  1989) .  Other s t u d i e s  in the ca t  (Shi  l i e  e t

a / . ,  1984) and slow l o r i s  ( P e r e z ,  C z e k a la ,  Weisenseel and L a s le y ,

1988) have shown t h a t  the re p r o d u c t iv e  s t a t u s  o f  the animal  a t  the  

t ime o f  i n j e c t i o n  has no e f f e c t  on the e x c re te d  s t e r o i d  

m e t a b o l i t e s , e v e n  a f t e r  the in d uc t io n  o f  o v u l a t i o n  w i t h  a r t i f i c i a l  

gonadotroph ins.  T h e r e f o r e ,  c o n s id e r in g  the l i m i t a t i o n s  o f  the  

experim ent,  i t  is  important  to  co n f i rm  the r e s u l t s  o f  t h i s

metabol ism study by f u r t h e r  invest igat ing the  metabo l ism and e x c r e t io n

o f  endogenous o v a r ia n s t e r o i d s  dur in g  n a t u ra l  cyc le s

In a d d i t i o n ,  c e r t a i n  methodolog ica l  problems were encountered  

in t h i s  s tudy ,  and these were exacerba ted  by the la rg e  s i z e  o f  the  

species  being i n v e s t i g a t e d .  I t  can be seen from Table  3.1 t h a t
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la rge q u a n t i t i e s  o f  u r i n e  and fa eces  (up to  2 1 *4  l i t r e s  and 47*7  Kg 

r e s p e c t i v e l y )  were e x cre te d  by t h i s  a n im a l .  The measurement o f  the  

d a i l y  output  o f  u r in e  and fa e c a l  m a t t e r  i l l u s t r a t e s  a problem  

encountered w i th  a l l  la rge  sp e c ie s ,  t h a t  smal l c o n c e n t r a t io n s  o f  

s t e r o i d s  a re  d i l u t e d  in la rge  q u a n t i t i e s  o f  e x c r e t a  and a re  thus 

present  in very low l e v e ls  when small  volumes a re  assayed by 

immunological techn iques .  The a n a l y s i s  o f  such la rge  volumes of  

u r in e  and faeces  a ls o  r e s u l t e d  in lower procedura l  e f f i c i e n c i e s  than 

would be obta ined  in the a n a l y s i s  o f  s m a l le r  volumes. Large e r r o r s  

were a ls o  encountered in the e f f i c i e n c y  o f  count ing  r a d i o a c t i v i t y  in 

s t r o n g ly  co loured u r in e  and s o lv e n t  e x t r a c t s .  O r i g i n a l l y ,  the  

e f f i c i e n c y  o f  count ing was ap p ro x im a te ly  17*5%, but  accuracy was 

improved by the quench c o r r e c t i o n  procedures i l l u s t r a t e d  in se c t io n

3 . 2 . 4  al though these c o r r e c t i o n s  a ls o  in co r p o r a te  a degree o f  e r r o r .

A d d i t io n a l  i d e n t i f i c a t i o n  procedures ,  i e .  d e r i v a t i z a t i o n , 

were used to p o s i t i v e l y  i d e n t i f y  p rogestero ne  m e t a b o l i t e s  in the  

u r in e  as the range o f  m e t a b o l i t e s  t h a t  could have been formed was 

e x t e n s iv e .  In order  to i d e n t i f y  spec ies d i f f e r e n c e s  in progeste rone  

metabol ism, and to develop immunological methods f o r  the measurement  

o f  a new u r i n a r y  progestagen ,  i t  was necessary to have f u r t h e r  proof  

t h a t  20cx-DHP was the major  m e t a b o l i t e  o f  p rogeste rone  in the w h i te  

rh in o ce ro s .  However, r e c r y s t a l l i z a t i o n  a lo ne  was used to i d e n t i f y  

u r i n a r y  oestrogens s ince  the endproducts o f  o e s t r a d i o I  - 173 

metabol ism are  less v a r i a b l e  between spec ies  than those o f  

progesterone .  There was i n s u f f i c i e n t  r a d i o a c t i v i t y  f o r

d e r i v a t i z a t i o n  and the r e s u l t s  o f  the oest rogen  i d e n t i f i c a t i o n  a re  

thus less r e l i a b l e .  Fur therm ore ,  t h e re  was i n s u f f i c i e n t

r a d i o a c t i v i t y  in the fa e c a l  e x t r a c t s  to  take the i d e n t i f i c a t i o n  

procedures f u r t h e r  than c o - e l u t i o n  on HPLC.

The simul taneous i n j e c t i o n  o f  >4C- labe l  led progesterone  and 

o e s t r a d i o l - 1 7 3  a ls o  caused some u n c e r t a i n t y  in the i n t e r p r e t a t i o n  o f  

the r e s u l t s  o f  t h i s  s tu d y ,  s ince  a small  amount o f  • ^ C - l a b e l l e d  

oestrogens could have been formed by the metabol ism o f  in j e c t e d  

progesterone and not f rom [ • 4C l o e s t r a d i o I  -  173.  Given the d i f f i c u l t y



171

o f  performing such a study on an endangered spec ies  in a zo o lo g ic a l  

c o l l e c t i o n ,  i t  was not  p o s s ib le  to  rep ea t  the study by i n v e s t i g a t i n g  

the metabol ism o f  o e s t r a d i o l -173  and progesterone  s e p a r a t e l y  in two 

female rh in o cero se s .  The i n j e c t i o n  o f  two d i f f e r e n t  r a d i o l a b e l s ,  

eg. P * C ]  and [3H1,  would have e l i m i n a t e d  the p o s s ib le  co m p l ica t io n  

o f  the r e s u l t s  by the fo rm a t io n  o f  oest rogens from the metabol ism o f  

p ro g estero n e .  However, the r i s k  o f  r a d i o a c t i v e  contamin at ion  in an 

area  o f  p u b l i c  access from using high l e v e l s  o f  [ 3H 3 - r a d io l a b e l  

necessary f o r  t h i s  exper iment was too g r e a t  and a compromise had to  

be made. D es p i te  the problems encountered in the design and

execu t io n  o f  t h i s  s tudy ,  usefu l  data  have been o b ta in ed  on the  

metabol ism and e x c r e t io n  o f  o v a r ia n  s t e r o i d s  in the w h i t e  rh in oceros  

which w i l l  be v a l u a b l e  in f u t u r e  s t u d ie s  on the re p ro d u c t iv e  

physio lo gy  o f  t h i s  sp ec ie s .

During the sample c o l l e c t i o n  p e r io d  a t o t a l  o f  61X o f  the

i n j e c t e d  label  was recovered in e x cre te d  u r in e  and f a e c e s ,  an amount 

comparable to t h a t  recovered in metabol ism s tu d ie s  in the cow 

(Mel I in and Erb,  1966; E s te r g re e n ,  L i n ,  M a r t i n ,  Moss, Branden,

Luedecke and Shimoda, 1977) ,  sheep ( S t u p n i c k i ,  McCracken and 

W i l l i a m s ,  1969; M i y a z a k i ,  P e r i c - G o l i a ,  S la u n th w h i te  and Sandberg,  

1972) ,  sow (Schomberg, Jones,  Fea th ers to n e  and Erb,  1966) and some 

p r im a te  spec ies ( J e f f e r y ,  1966; G o ld z ieh er  and A xe l ro d ,  1969;

P l a n t ,  James and M ic h a e l ,  1969 ) .  Since  r a d i o a c t i v i t y  was s t i l l  

present  in e x cre te d  m a t e r i a l  ( e s p e c i a l l y  f a e c e s )  c o l l e c t e d  a t  the  

end o f  the study (Day 4 ) ,  a longer p e r io d  o f  sample c o l l e c t i o n  would 

have r e s u l t e d  in a h ig h er  o v e r a l l  reco very  o f  label  and probably  a 

h ig h er  p r o p o r t io n  o f  r a d i o a c t i v i t y  p resent  in f a e c e s .  N e v e r t h e le s s ,  

39% o f  the r a d i o a c t i v i t y  recovered was e x c r e te d  in the u r in e  

i n d i c a t i n g  t h a t ,  w h i l s t  fa e c a l  e x c r e t i o n  may predominate,  

s i g n i f i c a n t  amounts o f  gonadal s t e r o i d s  a re  e x c r e te d  i n t o  the u r i n e  

in t h i s  spec ies .

R a d i o a c t i v i t y  in faeces  was a s s o c ia te d  almost  e x c l u s i v e l y  

(93%) w i t h  s t e r o i d s  in the unconjugated form. The p o s s i b i l i t y  

e x i s t s  t h a t  3 -su Ip h o co n ju g ated  products p rese n t  in faeces  were
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h ydro lysed  dur in g  the ethanol  e x t r a c t i o n  procedure ,  and were  

t h e r e f o r e  not  d e t e c t e d .  W h i ls t  b i l i a r y  s t e r o i d s  can e x i s t  in the  

conjugated  form (S tda  & S k u ls t a d ,  1972) ,  i t  has been demonstrated  

f rom s t u d i e s  in the cow (Bamberg e t  a / . , 1 9 8 6 a ) ,  sheep (Choi et  

a / . , 1987)  and horse (Bamberg e t  a / . ,  1984) t h a t  s t e r o i d s  a re

e x c re t e d  in t o  the faeces  predom in ant ly  in the unconjugated form,  

probab ly  a f t e r  b a c t e r i a l  h y d r o ly s i s  in the  gut  (M iy azak i  et  

a l . , 1972) .

Over 50% o f  the r a d i o a c t i v i t y  in u r i n e  was a ls o  a s so c ia te d  

w i t h  s t e r o i d s  in the unconjugated form, in c o n t r a s t  to the f i n d i n g s  

o f  rad io m etabo l ism  s t u d ie s  in o th e r  u n g u la tes ,  e . g .  the cow ( I v i e  et  

a l . ,  1986) and p ig  (Schomberg e t  a l . ,  1966) ,  in which less than 20% 

o f  e x c re te d  r a d i o l a b e l  was unconjugated.  Furtherm ore ,  Kassam & 

L a s le y  (1 9 8 1 )  demonstrated ,  using s eq u e n t ia l  h y d r o l y s i s ,  t h a t  more 

than 95% o f  u r i n a r y  oestrogens were present  as conjugates in the  

In d ia n  r h in o c e ro s ,  w i t h  a comparable f i g u r e  be ing re p o r te d  f o r  the  

b la c k  r h in o ce ro s  (Ramsay e t  a l . ,  1987) .  There a re  severa l  f a c t o r s  

which may have in f lu en ced  the c o n c e n t r a t io n  o f  unconjugated s t e r o i d s  

in the u r i n e .  F i r s t l y ,  i t  is p o s s ib le  t h a t ,  in the present

e xp er im en t ,  conjugated  s t e r o i d s  were hydro lysed  d ur in g  s to ra g e  a t  

-2 0 * C  d e s p i t e  the a d d i t i o n  o f  a p r e s e r v a t i v e .  However, t h i s  process  

does not  appear to have led to  g e n e ra t io n  o f  unconjugated 20a-DHP in 

the u r i n e .  A l t e r n a t i v e l y ,  i t  is p o s s ib le  t h a t  the la rge  dose o f  

u n l a b e l l e d  s t e r o i d s  a d m in is te re d  a f f e c t e d  the p a t t e r n  o f  metabol ism,  

and the f a c t  t h a t  the major  unconjugated s t e r o i d s  in u r in e  were 

unmetabol ised  progestero ne  and o e s t r a d i o l - 1 7 3  would agree w i t h  t h i s  

i n t e r p r e t a t i o n .  However, i t  is p o s s ib le  t h a t  these r e s u l t s  are

a c c u r a t e  and t h a t  a h igher  p ro p o r t io n  o f  s t e r o i d s  a re  p resent  in the  

unconjugated  form in the w h i te  rh in o c ero s  than in the Ind ian  

spec i e s .

In c o n t r a s t  to the smal l p ro p o r t io n  o f  r a d i o a c t i v i t y

a s s o c ia t e d  w i t h  n e u t r a l  s t e r o i d s  in the fa e c e s ,  progestagens

predominated  in the u r i n e ,  a d i s t r i b u t i o n  s i m i l a r  to t h a t  observed  

in o t h e r  ungu la tes  in c lu d in g  the sheep ( S t u p n ic k i  e t  a l . ,  1969) .
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The only unconjugated n e u t r a l  s t e r o i d  t h a t  was present  in the u r in e  

was unmetabol ised p ro g estero n e .  HPLC o f  the conjugated  n e u t ra l  

s t e r o i d s  in u r in e  re v e a le d  a s i n g l e  peak o f  r a d i o a c t i v i t y  which was 

i d e n t i f i e d  as 20a-DHP, and accounted f o r  more than 90X o f  the

r a d i o l a b e l  in the conjugated  f r a c t i o n .  S i g n i f i c a n t l y ,  in t h i s  

f r a c t i o n  th e re  was no peak o f  r a d i o a c t i v i t y  t h a t  c o - e l u t e d  from HPLC 

w i t h  the pregnanedio l  m arker ,  i n d i c a t i n g  t h a t  con jugated

pregnaned io l  was not  a u r i n a r y  m e t a b o l i t e  o f  the progeste rone

a d m in is t e r e d .  Th is  f i n d i n g  is  c o n s is t e n t  w i t h  o b s e rv a t io n s  on the  

e x c r e t i o n  o f  progesterone  m e t a b o l i t e s  d ur in g  n a t u r a l  cy c les  in the  

A f r i c a n  spec ies  o f  r h in o c e r o s .  Ramsay et  a l .  ( 1 9 8 7 )  used HPLC 

a n a l y s i s  o f  u r in e  from non-pregnant  b la c k  rh inoceroses  to

demonstrate t h a t  PdG im m unoreac t iv i ty  d id  not  c o - e l u t e  w i t h  [3HlPdG 

in t h i s  spe c ies ,  and was not d e t e c t a b l e  a t  any stage  o f  the o v a r ia n  

c y c l e .  However, the absence o f  conjugated  pregnanedio l  in the u r i n e  

o f  the w h i te  rh in o ce ro s  is in marked c o n t r a s t  to o b se rva t io n s  made 

on the Ind ian  spec ies  in which PdG has been i d e n t i f i e d  as the major  

progesterone m e t a b o l i t e  during  the l u t e a l  phase o f  the o v a r ia n  cyc le  

(Kasman e t  a I . ,  1986) and during  pregnancy (Hodges & Green,  1989) .

In a d d i t i o n  to c o n f i rm in g  the absence o f  pregnanedio l  

g lu c u r o n id e ,  the present  r e s u l t s  have i d e n t i f i e d  conjugated 20cx-DHP 

as the major  u r i n a r y  m e t a b o l i t e  o f  a d m in is te r e d  p rogesterone .  The 

p a t t e r n  o f  e x c r e t i o n  o f  20a-DHP has not  been descr ib ed  during  

n a tu r a l  cyc le s  in the w h i te  or the b la ck  rh in o c e r o s e s ,  a l though i t s  

measurement in u r in e  by n o n - s p e c i f i c  immunoassay has been usefu l  in 

m o n i to r in g  the o v a r ia n  cy c le  and pregnancy in some sp e c ie s ,  eg. the 

l i o n - t a i l e d  macaque ( S h i d e l e r  e t  a / . ,  1985) and k i l l e r  whale (Walker  

e t  a l . ,  1988) .  However, the s i g n i f i c a n c e  o f  these measurements in 

r e l a t i o n  to o v a r ia n  progesterone s e c r e t i o n  is  unknown. In the r a t  

( N a i t o  e t  a l . ,  1986) and some a v ia n  spec ies  ( L l e w e l l y n ,  1981) ,  the  

presence o f  2 0 -h y d ro x y la s e  enzymes in theca l  t i s s u e  has been 

demonstrated and these enzymes conver t  progesterone  to isomers o f  

20-d ih y d ro p ro g es te ro n e  which a re  s ec re te d  in to  the c i r c u l a t i o n .  

Although such d e t a i l e d  s t u d ie s  have not been c a r r i e d  out on any 

u ngula te  spec ie s ,  serum c o n c e n t r a t io n s  o f  20a-DHP have been shown to
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a c c u r a t e l y  r e f l e c t  corpus luteum f u n c t i o n  in the horse (van  

Rensburg & van N i e k e r k ,  1968; Seren e t  a l . ,  1981) which,  a long w i t h  

the rh inoceros  is a species  o f  P e r r i s o d a c t y I . S tu d ie s  by Bamberg 

and Schwarzenberger (1 9 9 0 )  in d ic a t e d  t h a t  a la rg e  p ro p o r t io n  o f  the  

c i rcu la t in g  20a-DHP in the horse is  ex c re te d  v i a  the  fa e c e s ,  r a t h e r  

than in to  the u r i n e ,  and have extended t h i s  f i n d i n g  to  e x o t i c  equids  

in c lu d in g  P r z e w a l s k i ' s  ho rse .  However, rece n t  r e s u l t s  o f

K i r k p a t r i c k  e t  a l .  (1 9 9 0 )  have i n d i c a t e d  t h a t  the n o n - s p e c i f i c  

measurement o f  u r i n a r y  20a-DHP c o r r e l a t e s  w e l l  w i t h  f l u c t u a t i o n s  in 

plasma progesterone  in equ idae .  As y e t ,  no o th e r  pub l ished  da ta  

are a v a i l a b l e  on the l e v e ls  o f  u r i n a r y  20a-DHP in any ungu la te  

sp ec ie s ,  but the p resent  r e s u l t s  suggest  t h a t  i t s  measurement may 

r e f l e c t  c i r c u l a t i n g  progesterone  l e v e l s  and t h e r e f o r e  corpus luteum 

f u n c t i o n  in the w h i te  rh in o cero s  to enable  n o n - in v a s iv e

m o n i to r in g  o f  the o v a r ia n  cyc le  in t h i s  sp ec ies .

In c o n t r a s t  to the d i s t r i b u t i o n  o f  n e u t r a l  s t e r o i d s  the  

amounts o f  r a d i o a c t i v e  p h e n o l ic  s t e r o i d s  e x c r e te d  in to  the u r in e  and 

faeces  were s i m i l a r .  L ik e  o th e r  Pe r i s s o d a c t y I s ,  in c lu d in g  the t a p i r  

(Kasman et  a l . ,  1985) ,  horse (Raeside & L i p t r a p ,  1975) and Ind ia n  

rh in oceros  (Kassam & Las I e y , 1981; Kasman e t  a l . ,  1986) ,  the w h i te

rh in oceros  e x c r e te s  conjugated  oestro ne  as an abundant oestrogen  

m e t a b o l i t e  in u r i n e .  Fur therm ore ,  in the In d ian  rh in o c e ro s ,  the

measurement o f  u r i n a r y  oestro ne  su lp h a te  du r ing  the o v a r ia n  c y c le  

pro v ides  a good i n d i c a t i o n  o f  f o l l i c u l a r  development w i t h  maximum 

l e v e ls  being a t t a i n e d  a t  the t ime o f  o es t ru s  or m at in g .  S e quent ia l  

h y d r o l y s i s  s tu d ie s  by Ramsay e t  a l  . ( 1 9 8 7 )  have shown t h a t  the

b lack  rh in oceros  a ls o  e x c r e t e s  conjugated  o e s t ro n e ,  m ain ly  

oes trone  g lu c u r o n id e ,  in to  the u r in e  a l th o u gh  i t s  measurement was 

not in f o r m a t iv e  in the m o n i to r in g  o f  r e p r o d u c t iv e  f u n c t io n  in t h i s  

spec ies .  However, as in the p resent  s tudy ,  i t  was not p o s s ib le  to  

determine  the p o s i t i o n  and c o n f i g u r a t i o n  o f  the c o n ju g a t io n .

The 17a- and I 7 3 - isomers o f  o e s t r a d i o l  have a l s o  been shown to  

be important  oestrogens in the serum and u r i n e  o f  many s p ec ies .  

Unmetabol ised o e s t r a d i o l  was i d e n t i f i e d  as the major u r i n a r y
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oestrogen in the Okapi by means o f  a rad io metabo I ism  study  

( L o s k u t o f f  et  a l . ,  1987) ,  a l though  the isomer o f  o e s t r a d i o l  was not  

d e f i n i t i v e l y  i d e n t i f i e d .  S i m i l a r l y ,  Ramsay e t  a l .  (19 8 7 )  suggested  

o e s t r a d io I  - 173 to be an important  u r i n a r y  oest rogen in the b la ck  

rh inoceros  by s eq u en t ia l  h y d r o ly s i s  and radioimmunoassay.  In t h i s  

study,  whereas unconjugated o e s t r a d i o I -173  was p resent  in the u r i n e ,  

o e s t r a d i o I - 1 7cx was a ls o  an abundant con jugated  m e t a b o l i t e  o f  the  

i n j e c t e d  o e s t r a d i o I  - 1 7 3 .  Formation o f  a I7a -ep im er  from

t 3H ] o e s t r a d i o I -1 73  has been demonstrated in the dog ( S ie g e l  e t  a l . ,  

1962) ,  and measurement o f  o e s t r a d i o I - 1 7a by immunoassay has been 

shown to  r e f l e c t  o v a r ia n  f u n c t i o n  a c c u r a t e l y  in the cow (Dobson & 

Dean, 1974) and r u f f e d  lemur ( S h i d e l e r  e t  a l . ,  1983) ,  and may be 

i n f o r m a t iv e  in the w h i t e  rh in o c e r o s .

Over 70% o f  r a d i o a c t i v i t y  e x cre te d  in to  the faeces  in t h i s  

study was e x c l u s i v e l y  a s s o c ia te d  w i t h  o e s t r o g e n ic  s t e r o i d s ,  and i t  

is p o s s ib le  t h a t  t h i s  spec ies  can p r e f e r e n t i a l l y  e x c r e t e  oestrogens  

in to  the faeces  as is  the case in the bovine (Mel I in and Erb, 1966) .  

S t e r o id  e x c r e t i o n  in the A f r i c a n  spec ies  o f  rh in o c ero s  thus appears  

more l i k e  a ruminant  than o th e r  spec ies  o f  P e r r i s o d a c t y I s , in which  

the m a j o r i t y  o f  oest rogens a re  e xc re te d  v i a  the u r i n e .  Only very  

small amounts o f  progesterone  were ex c re te d  in to  the fa e c e s ,  in 

marked c o n t r a s t  to the high l e v e ls  o f  20a-ges tagens  which have been 

measured in the fa eces  o f  the horse and o th e r  e x o t i c  equids  

(Schwarzenberger e t  a l . ,  1988) and the b lac k  r h in o cero s  (Bamberg and 

Schwarzenberger, 1990 ) .  However, the measurement o f  fa e c a l

oest rogens e i t h e r  c o l l e c t i v e l y  as t o t a l  oes trogens (Most l  e t  a l . ,  

1987) or i n d i v i d u a l l y  as o e s t r a d i o l - 1 7 a  (Most l  e t  a l . ,  1984) may be 

usefu l  in d e te rm in in g  r e p r o d u c t iv e  s t a t u s  in the w h i te  rh in o c e ro s .  

Such methods have been used f o r  pregnancy d ia g n o s is  in a v a r i e t y  o f  

s p ec ies ,  in c lu d in g  e x o t i c  ungu la tes  (Safar-Hermann e t  a l . ,  1987) ,  

and may a ls o  be a p p l i c a b l e  to  the  d e t e c t i o n  o f  pregnancy in the  

w h i te  rh in o c ero s .

In conc lu s ion ,  i t  has been shown from t h i s  study t h a t  s t e r o i d  

m e t a b o l i t e s  a re  e xc re te d  in to  both the u r in e  and the faeces  o f  the
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w h i te  rh in o c e r o s .  Species d i f f e r e n c e s  in s t e r o i d  hormone metabol ism  

and e x c r e t io n  have a l s o  been demonstrated between the In d ia n  and 

the w h i te  r h in o c e ro s .  I t  is not  p o s s ib le  to  determ ine  whether the 

r e s u l t s  ob ta ined  in t h i s  study may a ls o  be a p p l i e d  to  the b lack  

rh in o cero s  as ,  a l though the b la c k  and the w h i te  rh in o cero ses  i n h a b i t  

the same areas o f  A f r i c a ,  they a re  in f a c t  se p a ra te  spec ies  w i th  

d i f f e r e n t  s o c ia l  and e c o lo g ic a l  req u i re m e n ts .  However, f rom the 

l i m i t e d  data  t h a t  is c u r r e n t l y  a v a i l a b l e  on the metabol ism and 

e x c r e t i o n  o f  o v a r ia n  s t e r o i d s  in the b lack  r h in o c e ro s ,  the spec ies  

would appear to  be a l i k e  in t h i s  r e s p e c t .

C l e a r l y  the r e s u l t s  o b ta in ed  from t h i s  study r e q u i r e  

c o n f i rm a t io n  by a n a l y s i s  o f  u r in e  c o l l e c t e d  d u r in g  n a t u r a l  c y c le s ,  

but the i d e n t i f i c a t i o n  o f  the major  m e t a b o l i t e s  o f  in j e c t e d  

o e s t r a d io I  - 173 and progesterone  as descr ib ed  here ,  increases the  

knowledge a v a i l a b l e  on the metabol ism and e x c r e t i o n  o f  o v a r ia n  

s t e r o i d s  in the A f r i c a n  spec ies  o f  r h in o c e r o s .  Th is  knowledge may 

now form the b as is  f o r  the development o f  improved hormone assays  

f o r  assess ing r e p r o d u c t iv e  s t a t u s  and m o n i to r in g  o f  the o v a r ia n  

cyc le  in the A f r i c a n  rh in o cero se s .
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CHAPTER 4

EXCRETION OF OESTROGEN AND PROGSTERONE METABOLITES DURING THE 

OVARIAN CYCLE AND PREGNANCY IN WHITE AND BLACK RHINOCEROSES

4.1 INTRODUCTION

The r e s u l t s  o f  the p rev io u s  chap ter  p rov id ed  in fo rm a t io n  on 

the m e t a b o l ic  f a t e  o f  exogenously a d m i n i s t e r e d ,  r a d i o l a b e l l e d  

o e s t r a d i o I - 1 7& and progestero ne  in a w h i t e  rh in o c e r o s .  The r e s u l t s  

i n d ic a te d  t h a t  s t e r o i d s  were e xcre te d  in to  the u r in e  and t h a t  20a -  

DHP, and not PdG, was the major  u r i n a r y  progesterone  m e t a b o l i t e  

w h i l s t  i * C - l a b e l l e d  o e s t r a d i o I -170  was e x c re te d  as oes t ro n e ,  

o e s t r a d i o I  - 1 7a and in the unmetabol ised form.

The r e s u l t s ,  however,  a re  based on the metabol ism o f  i n j e c t e d

m a t e r i a l  in a s i n g l e  a n im a l .  The o b j e c t i v e s  o f  the study descr ib ed  

in t h i s  c h a p te r ,  were to co n f irm  the f i n d i n g s  o f  the metabol ism  

study by de te rm in in g  the u r i n a r y  m e t a b o l i t e s  o f  endogenous 

o e s t r a d i o I -170  and progesterone  d ur ing  the o v a r ia n  cy c le  and 

pregnancy in severa l  i n d i v i d u a l s ,  and to  extend the o b serva t io n s  to  

both species  o f  A f r i c a n  rh in o c e r o s .

The metabol ism o f  endogenous o v a r ia n  s t e r o i d s  was s tu d ie d  by 

th re e  d i f f e r e n t ,  but  r e l a t e d ,  approaches.  U r in e  samples were  

c o l l e c t e d  from female In d ia n ,  b lac k  and w h i te  rh in o cero ses  o f  known 

re p ro d u c t iv e  s t a t u s  and analysed  by gas chromatography/mass

spectromet ry  (GC/MS) in order  to i d e n t i f y  the major s t e r o i d

m e t a b o l i t e s .  Secondly,  the s t e r o i d  components o f  u r in e  from

female rh inoceroses  d ur ing  the o v a r ia n  c y c le  and pregnancy were

examined by co-chromatography on HPLC, to  determ ine  the major  

immunoreact ive m e t a b o l i t e s  o f  o v a r ia n  s t e r o i d s .  T h i r d l y ,  the

e x c r e t i o n  o f  f r e e  and conjugated  s t e r o i d s  and the r e l a t i v e

p ro p o r t io n s  o f  d i f f e r e n t  conjugated  f r a c t i o n s  was determined by 

s eq u en t ia l  h y d r o l y s is .
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4 . 2  MATERIALS AND METHODS

4 . 2 . 1  GC/MS

U r in e  samples c o l l e c t e d  from female  In d ia n ,  b lack  and w h i te  

rh inoceroses  a t  v a r io u s  stages  o f  the r e p r o d u c t iv e  c y c le  were

analysed by GC/MS. Because o f  the la rge  sample volume (20  ml)  

r e q u i r e d  f o r  t h i s  procedure ,  2 out  o f  the 5 samples analysed

cons is ted  o f  u r i n e  pooled from 4 - 5  se p a ra te  c o l l e c t i o n s  over a

shor t  p e r io d  o f  t im e .  A l l  u r i n e  samples,  pooled or  from a s i n g l e

c o l l e c t i o n ,  had s i m i l a r  c r e a t i n i n e  conten ts  (between 0*5  and 1*0

mg/m l) ,  and were thus presumed to  be o f  s i m i l a r  wate r  content  and 

d i I u t  i o n .

A la rg e  sample (20  ml)  was c o l l e c t e d  from a s i n g l e  In d ia n  

rh inoceros  and a s i n g l e  southern w h i te  r h in o ce ro s  dur in g  l a t e

pregnancy (2  months p r i o r  to b i r t h ) .  A second sample from the same

southern w h i te  rh in o cero s  during  the l a t e  stages o f  a preceed ing  

pregnancy was formed by po o l in g  u r in e  c o l l e c t e d  over 4 weeks ( 6 - 1 0  

weeks p r i o r  to p a r t u r i t i o n ) .  A s i m i l a r  procedure  was undertaken to 

aq u i r e  la rge u r in e  samples from 2 b la c k  rh ino cero ses  dur ing  l a t e
A

pregnancy .

U r in e  samples were a ls o  c o l l e c t e d  d ur in g  the o v a r ia n  c y c le  in 

one b la ck  and one n o r th ern  w h i te  rh in o c e r o s .  One pooled sample was 

c o l l e c t e d  1-3 days p r i o r  to  m at ing ,  i e .  du r in g  the presumed 

f o l l i c u l a r  phase o f  the o v a r ia n  c y c l e .  A p o s t - o e s t r u s  or lu t e a l  

phase sample was pooled from u r in e  c o l l e c t e d  between 5 and 9 days 

a f t e r  m at ing .

A summary o f  the samples taken f o r  GC/MS can be seen in Tab le  

4 . 2 .  U r in e  samples (20  m l )  were a p p l i e d  to  a primed Sep-pak  

c a r t r i d g e  and prepared f o r  GC/MS a n a l y s i s  by the procedure descr ibed  

in se c t io n  2 * 6 .



4 . 2 . 2  HPLC

Table  4.1 shows the source o f  u r in e  samples taken f o r  HPLC 

a n a l y s i s .  A l l  samples chosen f o r  HPLC a n a l y s i s  had c r e a t i n i n e  

contents  between 0*5  and 1*5 mg/ml.

To ensure t h a t  comparisons could be made between the r e s u l t s  

from d i f f e r e n t  an im a ls ,  c e r t a i n  c r i t e r i a  were used in the choice o f  

u r in e  samples f o r  HPLC a n a l y s i s .  For i d e n t i f i c a t i o n  o f  s t e r o i d s  

excre te d  dur in g  pregnancy,  u r i n e  samples c o l l e c t e d  dur ing  the e a r l y  

and l a t e  stages o f  g e s t a t i o n  were an a lysed .  A l l  pregnancies  from  

which u r in e  samples were c o l l e c t e d  led to the b i r t h  o f  a l i v e  c a l f .  

E a r l y  pregnancy samples were those c o l l e c t e d  between 2 and 3 months 

f o l l o w i n g  the observed mat ing  t h a t  is thought to  have led to  

concept ion .  Al though t h i s  may not  be a ccu ra te  in a l l  cases,  samples 

were back dated from the t ime o f  p a r t u r i t i o n  to ensure t h a t  a l l  

animals were in the e a r l y  stages  o f  pregnancy. L a te  pregnancy u r in e  

samples were taken 2 - 3  months p r i o r  to p a r t u r i t i o n .

U r in e  samples from the presumed lu t e a l  phase were c o l l e c t e d  7 

days a f t e r  o es t rus  a n d /o r  mat ing  (o e s t ru s + 7 ;  0 + 7 ) .  Samples were 

a ls o  c o l l e c t e d  on the t h i r d  and f i r s t  day p r i o r  to  o e s t ru s  and /o r  

mating ( o e s t r u s -1  and o e s t r u s - 3 ;  0-1 and 0 - 3 )  i e .  during  the  

presumed f o l l i c u l a r  phase o f  the o v a r ia n  c y c l e .

4 . 2 . 2 . I HPLC s e p a r a t io n  o f  con jugated  progesterone  m e t a b o l i t e s

Samples from e a r l y  and l a t e  pregnancy in one In d ian  rh in oceros  

were ana ly sed .  The l a t e  pregnancy sample was the same as 

p r e v i o u s l y  analysed by GC/MS. One lu t e a l  phase sample was a ls o  

ana Iysed.

Of the A f r i c a n  s p e c ie s ,  2 u r i n e  samples were ana lysed from  

e a r l y  pregnancy in each o f  one b la c k  and one n o r th ern  w h i t e  

rh in o ce ro s .  In the  b la c k  r h in o c e ro s ,  l a t e  g e s t a t i o n  samples were 

c o l l e c t e d  from 4 s ep ara te  pregnancies  in 4 fem a les .  One sample from
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Table  4 .1 .  U rine  samples used fo r  HPLC sep ara tio n  o f conjugated  

(CP) and unconjugated (UCP) progesterone m e ta b o lites  and 

unconjugated oestrogens (UCE). The samples which underwent both  

HPLC a n a ly s is  and seq u en tia l enzyme h y d ro lys is  (SEH) a re  a lso  

in d ic a te d . Subscrip t numbers denote samples from separate

p reg n an c ies /o varian  cyc les  from the same animal

speci  es an ima reproduct  ive  
s t a t u s CP

HPLC
UCP UCE

SEH

Ind i an 1 0+7 / _ _ _

e a r l y  pregnant / - - -
l a t e  pregnant / — — -

n o r th e rn 2 f o 11i c u 1ar  ( 0 - 3 ) - _ / _

wh i te f o l  1 i cu l a r  ( 0 - 1 0 - / / /
0 -12 - / / /

1 u t e a 1 (0 +71 ) / / - /
0+72 / / - /

3 0 - 3 - - / -
o - n - / / /
0-12 - / / /
0+71 / / - /
0+72 / / - /

e a r l y  pregnant / / / -
e a r l y  pregnant / / / -
l a t e  pregnant / / / -

southern 4 l a t e  pregnant i / / / —

wh i te l a t e  pregnant2 / / / —

b 1 ack 6 0 - 3 - — / _

0-1 - / / /
0+7 / / - /

7 0 - 3 - - / -
0-1 - / / /
0+7 / / - /

8 0 - 3 - - / -

0-1 - / / /
0+7 / / - /

9 0-1 - / / /
0+7 / / - /

e a r l y  pregnant / / / -

e a r l y  pregnant / / / -

l a t e  pregnant / / / —

10 l a t e  pregnant / / / -

1 1 l a t e  pregnant / / / -

12 l a t e  pregnant / / /
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l a t e  pregnancy in a n o r th e rn  w h i t e  rh in o cero s  and two samples from  

s e p a r a te  pregnancies  in a southern  w h i te  rh in o cero s  were ana lysed .

U r in e  samples (n=4 )  were ana lysed from the l u t e a l  phase o f  the  

c y c le  f o r  each o f  the b la c k  and the n o r th e rn  w h i te  r h in o c e ro s .  

Samples were c o l l e c t e d  from 4 s ep ara te  b la c k  rh in o cero ses ,  and 

d u r in g  2 s ep ara te  l u t e a l  phases o f  2 females o f  the no r th ern  w h i te  

speci  es.

HPLC was performed as descr ib ed  in s e c t io n  2 . 5 . 1 .  A f t e r  

r e c o n s t i t u t i o n  o f  HPLC f r a c t i o n s  in PAS gel b u f f e r ,  p a r t  (0*1 ml)  

each f r a c t i o n  was p laced in a s c i n t i l l a t i o n  v i a l  w i t h  5 ml 

s c i n t i l l a t i o n  f l u i d ,  and the r a d i o a c t i v i t y  counted to determ ine  the  

r e t e n t i o n  t ime o f  [3HlPdG. A f u r t h e r  0*1 ml o f  each f r a c t i o n  was 

d i l u t e d  ( 1 : 1 0  f o r  lu t e a l  samples in a l l  spec ies  and f o r  pregnancy  

samples in the A f r i c a n  r h in o c e ro s e s ,  and 1:20 f o r  pregnancy samples 

in the In d ian  s pe c ie s )  and 0*1ml taken to  assay f o r  PdG as 

d e scr ib ed  in s e c t io n  2 . 1 2 .  The leve l  o f  PdG im munoreact iv i ty  in 

each HPLC f r a c t i o n  (1 ml)  was c a l c u l a t e d .

4 . 2 . 2 . 2  HPLC s e p a ra t io n  o f  unconjuqated progesterone  m e t a b o l i t e s

Hydrolysed progestero ne  m e t a b o l i t e s  in u r i n e  samples from  

b la c k  and w h i t e  rh in o cero ses  a t  v a r io u s  s tages o f  pregnancy and the  

o v a r i a n  c y c le  were separa ted  by HPLC. In o rd er  to  determine the  

presence o f  immunoreact ive 20a-DHP in f r a c t i o n s  c o l l e c t e d  from HPLC 

o f  hydro ly sed  rh in o c ero s  u r i n e ,  a h ig h l y  s e n s i t i v e  EIA was developed  

(s ee  s e c t i o n  2 . 1 3 )  as no s p e c i f i c  method f o r  the measurement o f  20a -  

DHP was a v a i l a b l e .

HPLC was performed on the  same samples as in s e c t io n  4 . 2 . 2 . I .  

In a d d i t i o n ,  f o l l i c u l a r  phase samples ( 0 - 1 )  f rom 4 cyc les  in 4 

s e p a r a t e  female  b lac k  rh in o cero ses ,  and 4 samples from 2 sep ara te  

f o l l i c u l a r  phases in 2 n o r th e rn  w h i te  females were a ls o  ana lysed.
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HPLC was performed as des cr ib ed  in s e c t io n  2 . 5 . 2 .  A f t e r  

r e c o n s t i t u t i o n  o f  HPLC f r a c t i o n s  in assay b u f f e r ,  the r a d i o a c t i v i t y  

in p a r t  (0*1 m l)  o f  each f r a c t i o n  was counted to  de te rmine  the  

r e t e n t i o n  t ime o f  C3H lp r o g e s t e r o n e , C3 H]20ot-DHP and 

I 3H ]p r e g n a n e d io l . A p o r t i o n  o f  each f r a c t i o n  (0 *1  m l )  was f u r t h e r  

d i l u t e d  ( 1 : 5 0  f o r  pregnancy and l u t e a l  phase samples,  and 1:5 f o r  

f o l l i c u l a r  phase samples in the n o r th e rn  w h i t e  rh in o c e r o s ;  1:5 and 

1:2 r e s p e c t i v e l y  f o r  the b la ck  r h in o c e r o s )  and d u p l i c a t e  a l i q u o t s  

o f  0*05  ml were taken to assay f o r  20<x-DHP as d escr ib ed  in s e c t io n

2 . 1 3 .  The leve l  o f  20a-DHP immunoreMfct i v i ty  in each HPLC f r a c t i o n  ( IA '
ml)  was c a l c u l a t e d .

4 . 2 . 2 . 3  HPLC s e p a r a t io n  o f  unconjuqated oestrogens

U r ine  samples from e a r l y  and l a t e  pregnancy were the same as 

those analysed f o r  p rogeste rone  m e t a b o l i t e s  (see ab o ve ) .  HPLC was 

a ls o  performed on u r i n e  samples from the 2 stages  o f  the f o l l i c u l a r  

phase o f  the o v a r ia n  c y c le  (0 -1  and 0 - 3 ) .  F o l l i c u l a r  samples ( r>= 3 

a t  each s ta g e )  f rom 3 cy c le s  in 3 s e p a ra te  female b la ck  

rh inoceroses  were an a lyse d .  In the n o r th e rn  w h i t e  rh in o c e r o s ,  

samples ( n=4 )  were c o l l e c t e d  from 2 sep ara te  f o l l i c u l a r  phases o f  2 

f e m a Ie s .

U r in e  samples (1 ml)  underwent HPLC as descr ib ed  in s e c t io n  

2 . 5 . 3 .  A f t e r  r e c o n s t i t u t i o n  o f  HPLC f r a c t i o n s  in assay b u f f e r ,  the  

r a d i o a c t i v i t y  in p a r t  (0*1  m l )  o f  each f r a c t i o n  was counted to  

determined the r e t e n t i o n  t ime o f  [ 3H lo e s t ro n e ,  t 3H ] o e s t r a d i o l - 1 7 a  

and C3H l o e s t r a d i o l - 1 7 3 .  A p o r t i o n  o f  each f r a c t i o n  (0*1  ml )  was 

f u r t h e r  d i l u t e d  ( 1 : 5 0  f o r  pregnancy samples and 1:25 f o r  f o l l i c u l a r  

phase samples in both sp e c ie s )  and d u p l i c a t e  a l i q u o t s  o f  0 *05  ml 

were taken to assay f o r  t o t a l  oest rogens as desc r ibe d  in s e c t io n

2 . 1 4 .  The leve l  o f  oes trogen i m m u n o r e a c t iv i t y , r e l a t i v e  to  oestro ne  

standards ,  in each HPLC f r a c t i o n  (1 m l )  was c a l c u l a t e d .
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4 .2 .3  Sequentia l enzyme h y d ro lys is  and s o lv o ly s is

Sequent ia l  enzyme h y d r o l y s i s  was performed on u r i n e  samples 

from b lack  and w h i te  rh in o cero ses  as in d i c a t e d  in Tab le  4 . 1 .  Lutea l  

samples (0 +7 )  were c o l l e c t e d  from 5 s e p a ra te  o v a r ia n  c yc les  in 2 

n o r th ern  w h i te  fem ale s ,  and from 5 cy c le s  in 4 b la c k  rh in o c ero se s .  

F o l l i c u l a r  samples ( 0 - 1 )  were a ls o  analysed  from each o f  these  

c y c le s .

Sequent ia l  enzyme h y d r o l y s i s  o f  u n d i lu t e d  u r in e  samples ( 0 * 2  

ml)  was c a r r i e d  out  as d escr ib ed  in s e c t io n  2 . 3 . 4 .  Once the  

conjugates (h yd ro lysed  by enzymat ic  p rocedures)  had been removed 

from the u r in e  by s e p a ra te  e t h e r  e x t r a c t i o n s ,  a c id  s o l v o l y s i s  

(method as in s e c t io n  2 . 3 . 5 )  was used to  h ydro lyse  any conjugates  

remaining in the u r in e  which were r e s i s t a n t  to  the  a c t i o n  o f  

enzymes.

S t e r o id s  removed by e t h e r  e x t r a c t i o n  ( p re s e n t  in u r in e  in the  

unconjugated form) and those l i b e r a t e d  by 3~g Iu curo nidase  

( p r e v i o u s l y  conjugated as g I u c u r o n i d e s ) , su lph a tase  ( p r e v i o u s l y  

conjugated as s u lp h a t e s )  and a c id  s o l v o l y s i s  ( p r e v i o u s l y  p resent  as 

conjugates  which could w i th s ta n d  enzyme h y d r o ly s i s  procedures)  were 

r e c o n s t i t u t e d  in assay b u f f e r  (1 m l ) .  D u p l i c a t e  p o r t i o n s  o f  each 

e x t r a c t  ( 0 * 0 5  m l)  ob ta in ed  by s eq u e n t ia l  h y d r o l y s is  and s o l v o l y s i s  

o f  samples c o l l e c t e d  d ur ing  the lu t e a l  phase o f  the o v a r ia n  c yc le  

were assayed f o r  20a-DHP im m unoreac t iv i ty  (see  s e c t io n  2 . 1 3 ) .  

D u p l i c a t e  p o r t io n s  (0*1 ml)  o f  each e x t r a c t  f rom samples c o l l e c t e d  

from the f o l l i c u l a r  phase o f  the o v a r ia n  c y c le  in the b la c k  

rh in o cero s  were assayed f o r  oes t rone  im m unoreac t iv i t y  as descr ib ed  

in s e c t io n  2 . 6 .  S i m i l a r l y ,  d u p l i c a t e  p o r t i o n s  (0*1  m l )  o f  each 

e x t r a c t  from samples c o l l e c t e d  d u r in g  the f o l l i c u l a r  phase in the  

nor thern  w h i te  rh in o ce ro s  were assayed f o r  o e s t r a d i o l -1 73  

im m unoreact iv i ty  as descr ib ed  in s e c t io n  2 . 1 1 .

A va lue  f o r  t o t a l  im m unoreac t iv i t y  was o b ta in ed  by the  

summation o f  im m unoreact iv i ty  in unconjugated,  g lu c u r o n id e ,  su lp h a te
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and res id u a l  (h y dro lys ed  by s o l v o l y s i s )  f r a c t i o n s .  The amount 

measured in each f r a c t i o n  was then expressed as a percentage o f  the  

t o t a l  v a lu e .

4 .3  RESULTS

4 .3 .1  GC/MS

The gas chromatogram, t o t a l  ion c u r r e n t  chromatogram ( T I C )  

and the s e le c t e d  ion c u r r e n t  chromatogram ( S IC )  o f  the 0 -

methyI o x i m e - t r i m e t h y I s i I y I  e t h e r  o f  20 a -h y d ro x y -4 -p re g n e n -3 -o n e  

formed by GC/MS a re  shown in F ig  4.1  ( a ,  b and c r e s p e c t i v e l y ) ,  to  

i l l u s t r a t e  the method o f  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  

s t e r o i d s  by t h i s  procedure.  The r e t e n t i o n  t ime o f  the d e r i v a t i z e d  

20a-DHP s tandard on the GC is shown on the gas chromatogram in

r e l a t i o n  to the i n t e r n a l  standard s  5 a - a n d r o s t a n e - 3 a , 17 a - d i o I , 

s t ig m a s te r o l  and c h o l e s t e r o l  b u t y r a t e  (A,  S and C r e s p e c t i v e l y ) .  

From the GC the q u a n t i t y  o f  s t e r o i d  i n j e c t e d  was determined as 4*1 

ng by comparison to the 5 ng o f  in t e r n a l  s tandard  added p r i o r  to

d e r i v a t i z a t i o n . Consider ing  t h a t  an ac c u ra te  mass o f  10*00 pg 20a -  

DHP was d e r i v a t i z e d ,  and t h a t  1 /1000 o f  the d e r i v a t i z e d  product  was 

i n j e c t e d  onto the machine,  the recovery  o f  20a-DHP (41*0%) was low. 

The SIC o f  s t e r o i d a l  peaks on the TIC were used to  i d e n t i f y  

s t e r o i d s .  The ion o f  the h ig h es t  mass in the spectrum is  the

m olecu la r  ion (M+) ,  in t h i s  case a t  mass/charge (m /z )  417.  A l l  

o th er  ions are  formed from the f r a g m e n ta t io n  o f  the m o le cu la r  ion.  

The ion a t  m/z 153 p rov id es  important  in fo rm a t io n  on the s t r u c t u r e  

o f  the compound, which inc lu des  a pregnane group.  The s t rong ion a t  

m/z 117, in d ic a t e s  the presence o f  a methyl ketone group.  By 

compil ing  a l i b r a r y  o f  the mass s p e c t r a  o f  pure s tandards ,  

d e r i v a t i z e d  s t e r o i d s  in u r in e  samples may be i d e n t i f i e d .

The TIC o f  the progestagen f r a c t i o n ,  separa ted  by Sephadex 

LH-20 chromatography o f  hyd ro lysed  u r i n e  c o l l e c t e d  from a pregnant  

In d ia n  rh in oceros  is shown in F i g .  4 . 2 a .  Four peaks on the TIC
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F ig u r e  4 . 1 a .  Gas chromatogram o f  the O -m e th y lo x im e - t r im e th y Is i I y I  

e t h e r  o f  4 - p r e g n e n - 2 0 a - o 1- 3 - o n e  (20a-D HP) .  A, S and C rep re sen t  the  

e l u t i o n  p o s i t i o n s  o f  the i n t e r n a l  s tandard s  ( 5 a - a n d r o s t a n e - 3 a ,  17a-  

d i o l ,  s t ig m a s te ro l  and c h o l e s t e r o l  b u t y r a t e  r e s p e c t i v e l y ) .  The 

q u a n t i t y  o f  20a-DHP was c a l c u l a t e d  by r e l a t i n g  i t s  peak h e ig h t  to  

t h a t  o f  a l i n e  drawn between the peak h e ig h t s  o f  the in t e r n a l  

s ta n da rd s .  |^n arrow i n d ic a t e s  the 20a-DHP peak.

F ig u r e  4 . 1 b .  To ta l  ion c u r r e n t  chromatogram o f  a d e r i v a t i s e d  sample 

o f  pure 20a-DHP s tandard  produced by mass sp e c t ro m etry .

F ig u re  4 . 1 c .  S e le c te d  ion c u r r e n t  chromatogram o f  the 0  

methyI  o x i m e - t r i m e t h y I s i I y I  e t h e r  o f  20 a -h y d ro x y -4 -p re g n e n -3 -o n e
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F ig u re  4 . 2 .  T o ta l  ion c u r r e n t  chromatogram ( a )  r e p r e s e n t in g  the  

s e p a r a t i o n  o f  n e u t r a l  s t e r o i d  d e r i v a t i v e s  in u r i n e  c o l l e c t e d  dur ing  

the t h i r d  t r i m e s t e r  o f  pregnancy in an In d ia n  r h in o c e ro s .  The 

s e l e c t e d  ion c u r re n t  chromatograms f o r  peaks 1-4 ( i n d i c a t e d  by the  

arrows on the T IC )  a re  shown in F ig u res  4 . 2 b , c , d  and e.  Peak 1 is  

5 B - p r e g n a n e d i o I , peak 2 is p r e g n a n e t r i o I , peak 3 is 5 0 - p r e g n - 3 a ,  17, 

20P, 21 t e t r o l  and peak 4 is 17o-hydroxypregnanoI  o n e .
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F ig u re  4 . 3 .  Gas chromatogram o f  th e  O - m e t h y l o x i m e - t r i m e t h y l s i  l y l  

e t h e r s  o f  n e u t r a l  s t e r o i d s  in pregnant  In d i a n  rh in o c e r o s  u r i n e .  The 

p o s i t i o n  o f  the  i n t e r n a l  s tandards  a r e  i n d i c a t e d  by A VS and C. The 

peak i n d ic a t e d  by the  a r ro w  r e p r e s e n t s  5 |J -p r e g n a n e d io i , th e  most 

abundant progesterone  m e t a b o l i t e  in t h i s  u r i n e  sample.
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were seen to have c h a r a c t e r i s t i c  s t e r o i d a l  s t r u c t u r e s  and could be 

i d e n t i f i e d  from the io n ic  s p e c t r a  and r e l a t i v e  abundance o f  the  

m o le c u la r  ion as O-methyI o x i m e - t r i m e t h y I s i I y I  e t h e r s  o f  progestagen  

m e t a b o l i t e s .  The most abundant d e r i v a t i s e d  progestero ne  m e t a b o l i t e  

was i d e n t i f i e d  as 58- pregnaned io I  (M+ , m/z=449;  F i g .  4 . 2  b)  which  

had a r e t e n t i o n  t ime o f  22*922  min and the same io n ic  spectrum as 

dete rmined by mass sp ectro m etry  o f  the pure s tan d ard .  From the GC 

( F i g .  4 . 3 )  o f  t h i s  sample,  the amount o f  5{J-pregnanediol was 208 

n g / m l .

The o ther  n e u t ra l  s t e r o i d s  i d e n t i f i e d  were less abundant in 

r e l a t i o n  to p r e g n a n e d i o I , but  remained s i g n i f i c a n t  progesterone  

m e t a b o l i t e s  in the u r i n e .  The SIC o f  peak 2 ( F i g .  4 . 2 c )  was used 

to i d e n t i f y  t h i s  m e t a b o l i t e  as as a 5{5 -p regnanetr io I  (M+, m/z=537;  

Q u i l l i a m  and Westmore, 1980) .  Peak 3 ( F i g .  4 . 2 d )  was i d e n t i f i e d  as 

5 8 - p r e g n - 3 a ,  17, 208,  21 t e t r o l  w i t h  a r e t e n t i o n  t ime o f  27 *604  min 

and peak 4 ( F i g .  4 . 2 e )  rep re sen te d  17a-hydroxypregnanoI  one w i t h  a 

r e t e n t i o n  t ime o f  28*587 min (M+, m /z = 415 ) .

The TIC o f  n e u t r a l  s t e r o i d s  in the u r i n e  o f  a southern  w h i te  

rh in o c e r o s  c o l l e c t e d  d u r in g  l a t e  pregnancy is  shown in F i g .  4 . 4 a .  

The h ig her  b a s e l i n e  va lu es  f o r  the abundance o f  u r i n a r y  compounds 

i n d i c a t e s  t h a t  t h i s  sample conta in ed  more components than t h a t  o f  

the  In d ia n  rh in o c e r o s .  D e s p i t e  the f a c t  t h a t  a c o n c e n t r a t io n  o f  105 

ng PdG/ml had been measured in t h i s  u r in e  sample by EIA,  none o f  the  

peaks seen on the TIC had an io n i c  spectrum corresponding to  the 0 -  

methyI  o x i m e - t r i m e t h y I s i I y I  d e r i v a t i v e  o f  5 8 - p r e g n a n e d i o I . Indeed,  

the most abundant s t e r o i d  in the u r i n e  (peak 2 )  was i d e n t i f i e d  as 

andros terone  from the io n i c  spectrum, shown in F i g .  4 . 4  b, w i t h  a 

r e t e n t i o n  t ime o f  19*574 min and a M+ , m /z=376 .  From the GC (n o t  

shown) the e s t im ated  c o n c e n t ra t io n  o f  a ndros terone  was 135 ng/ml.  

The o n ly  o th er  s t e r o i d  in the n e u t r a l  f r a c t i o n  o f  the u r in e  was 118-  

hydroxyandros terone w i t h  a r e t e n t i o n  t ime o f  23*797 min (peak 1) and 

an io n ic  spectrum shown in F i g .  4 . 4 c .  No s t e r o i d s  were d e tec ted  in 

the second pregnancy u r i n e  sample from t h i s  a n im a l .



F ig u r e  4 . 4 .  To ta l  ion c u r r e n t  chromatogram ( a )  r e p r e s e n t i n g  the

s e p a r a t io n  o f  n e u t r a l  s t e r o i d  d e r i v a t i v e s  in u r i n e  c o l l e c t e d  dur ing  
£

l a t e  pregnany in a southern w h i t e  r h in o c e ro s .  The s e l e c t e d  ion 

c u r r e n t  chromatograms f o r  peaks I and 2 a r e  shown in F ig u res  4 .4 b  

and c. Peak 1 is I 1 f i -hydroxyan drosterone and peak 2 is  

a n d r o s t e r o n e .
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F ig u re  4 . 5 .  T o ta l  ion c u r r e n t  chromatogram ( a )  r e p r e s e n t i n g  the  

s e p a r a t io n  o f  n e u t ra l  s t e r o i d  d e r i v a t i v e s  in u r i n e  c o l l e c t e d  dur in g  

l a t e  pregnancy in a b la c k  r h in o c e r o s .  The s e l e c t e d  ion c u r r e n t  

chromatograms f o r  peaks 1 and 2 a re  shown in F ig u re s  4 .5 b  and c.  

Peak 1 is 5(5-pregn-3a,  17, 20(5, 21 t e t r o l  , and peak 2 is another

p r e g n a n e te t ro l  which could not  be i d e n t i f i e d  from the l i b r a r y  o f  

s t e r o i d s  a v a i l a b l e .
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PdG could not  be d e te c te d  in u r i n e  c o l l e c t e d  from b lac k  

rh inoceroses  d ur ing  l a t e  pregnancy.  Furtherm ore ,  none o f  the  

s t e r o i d s  i d e n t i f i e d  in samples from the w h i t e  spec ies  a t  the same 

stage o f  g e s t a t io n  were present  in the b la c k  rh in o c ero s  u r i n e .  In 

both samples the o n ly  s t e r o i d  peaks ( F i g .  4 . 5 a )  rep res en ted  0 -  

methyI o x i m e - t r i m e t h y I s i I y I  d e r i v a t i v e s  o f  two isomers o f  pregnane 

t e t r o l  ( i o n i c  s p e c t r a  shown in F i g s .  4 . 5  b and c ) ,  one o f  which was 

p o s i t i v e l y  i d e n t i f i e d  from the a n a l y s i s  o f  pure s tandards ,  as 5&-  

p r e g n - 3 a , 1 7 ,20fS, 21- t e t r o  I . The t o t a l  c o n c e n t r a t io n  o f

p r e g n a n e te t ro I  e xc re te d  by the pregnant  r h in o c e r o s ,  nas determined  

from the GC, as 66 ng /m l.  A s i m i l a r  io n ic  spectrum was o bta ined

f o r  the on ly  s t e r o i d a l  peak d e te c te d  by GC/MS a n a l y s i s  o f  u r i n e  from 

a b lack  rh in o ce ro s  in the presumed l u t e a l  phase o f  the o v a r ia n  cyc le  

( F i g .  4 . 6 ) .  Al though the io n i c  spectrum o b ta in ed  f o r  t h i s  s t e r o i d  

( F i g .  4 . 6 b )  was not  i d e n t i c a l  to t h a t  in F i g .  4 .5 b  , the M+

(m/z=537)  was p r e s e n t ,  and the s t e r o i d  had the same r e t e n t i o n  t ime  

w i t h  respect  to  the in t e r n a l  s tandards  as 50-pregn 3a,  17, 20(3, 21 

t e t r o l .  The c o n c e n t r a t io n  o f  p r e g n a n e t e t r o I  in t h i s  l u t e a l  sample 

was 38 ng /m l.  Th is  was the on ly  u r i n e  sample from the o v a r ia n  cyc le  

of  e i t h e r  spec ies o f  A f r i c a n  r h in o c e ro s  to c o n ta in  any peaks t h a t  

were i d e n t i f i a b l e  as s t e r o i d s .

The r e s u l t s  o f  the GC/MS a n a l y s i s  a re  summarised in Tab le  4 . 2 .  

The most abundant u r i n a r y  s t e r o i d  du r in g  pregnancy in the In d ia n  

rh in oceros  was i d e n t i f i e d  as 5 0 - p r e g n a n e d i o I . In the A f r i c a n  

sp ec ie s ,  no pregnaned io l  was d e te c te d  in the u r i n e  from e i t h e r  

pregnancy or the o v a r ia n  c y c le ;  o f  those s t e r o i d s  t h a t  were  

d e t e c t e d ,  androsterone  was the major  u r i n a r y  s t e r o i d  d ur in g  

pregnancy in the w h i te  r h in o cero s  w h i l s t  p r e g n a n e t e t r o I  was the on ly  

s t e r o i d  i d e n t i f i e d  in the  b lack  sp e c ies .

I d e n t i f i c a t i o n  o f  oest rogens using GC/MS was not  p o s s ib le  due 

to very high c o n c e n t r a t io n s  o f  p h yto -o es t ro g en s  (e g .  e q u o l ) ,  l i g n i n s  

and o ther  d i e t a r y  compounds which were p resen t  in the p h e n o l ic  

f r a c t i o n s  e l u t e d  from Sephadex LH-20.  The d i l u t i o n  o f  samples to  

reduce the q u a n t i t y  o f  contaminents to  s u i t a b l e  l e v e ls  to  p revent
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F ig u r e  4 . 6 a .  T o t a l  ion c u r r e n t  chromatogram r e p r e s e n t i n g  the  

s e p a r a t io n  o f  n e u t r a l  s t e r o i d  d e r i v a t i v e s  in u r i n e  c o l l e c t e d  d u r in g  

the  l u t e a l  phase o f  th e  o v a r ia n  c y c l e  in a b la c k  r h i n o c e r o s .

A

3.0ES

2.0EG

1.0EB-

403525 3020
T i  me ( m i n . )

F ig u r e  4 . 6 b .  S e le c t e d  ion c u r r e n t  chromatograms o f  peak I ,  

r e p r e s e n t in g  the  O-methyl  ox i m e - t r  imethysi ly l  e t h e r  o f  5|J-pregn 3a ,  

17, 20&, 21 t e t r o l .
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Tab le  4 . 2 .  Summary o f  the r e s u l t s  o b ta in ed  by GC/MS i d e n t i f i c a t i o n  

o f  s t e r o i d  m e t a b o l i t e s  in rh in o c ero s  u r i n e .  The s t e r o i d s  present  

in each sample re p r e s e n t  the on ly  d e t e c t a b l e  peaks o f  a s t e r o i d a l  

n a tu re  in the sample, and a re  l i s t e d  in o rd er  o f  r e l a t i v e  abundance.

speci es an i ma1 r e p r o d u c t iv e  s t a t u s s t e r o i d s  i d e n t i f i e d

I nd i an 1 pregnant 50-pregnaned i o 1 

56-pregnane 3 a , 17 a , 2 0 a - t r i o 1 

5f$-pregn-3a,  1 7 ,203  , 2 1 - t e t r o  1 

17a -hydroxypregnano1 one

southern  

wh i te

4 p re g n a n t1 

preg nan t*

no s t e r o i d s  d e te c ted

androsterone

113“ hydroxyandrosterone

nor th ern  

wh i te

3 f o 11i c u 1ar  

1u t e a 1

no s t e r o i d s  d e te c ted  

no s t e r o i d s  d e te c te d

b 1 ack 9 pregnant  

f o 11i c u 1ar  

1u t e a 1

p r e g n a n e t e t r o 1s 

no s t e r o i d s  d e tec te d  

53- p r e g n - 3 a , I 7 , 2 0 3 r 2 l - t e t r o l

10 pregnant p r e g n a n e t e t r o 1s
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damage to the machine would have prevented  the d e t e c t i o n  o f  

est im ated  c o n c e n t ra t io n s  o f  oestrogens.

4 . 3 . 2  HPLC a n a l y s i s  o f  u r i n a r y  s t e r o i d s  d u r in g  the o v a r i a n  c y c le

4 . 3 . 2 . I Progesterone  m e t a b o l i t e s

E l u t i o n  p r o f i l e s  o f  immunoreactive p rogesterone  m e t a b o l i t e s  

in u r i n e  c o l l e c t e d  from In d ia n  and A f r i c a n  rh in o cero ses  d ur in g  the  

o v ar ian  cy c le  a re  shown in F ig s .  4 . 7 - 4 . 1 1 .

The HPLC e l u t i o n  p r o f i l e  o f  PdG im m unoreac t iv i t y  in the u r i n e  

o f  an Ind ian  rh in o ce ro s  du r in g  the presumed l u t e a l  phase o f  the  

o v a r ia n  cyc le  is shown in F i g .  4 . 7 .  The p o s i t i o n  o f  the [3HlPdG 

standard is shown by the d o t te d  l i n e ,  i n d i c a t i n g  a r e t e n t i o n  t ime o f  

4*5  min f o r  PdG. Low l e v e l s  o f  immunoreact i vi  ty  were seen in many 

of  the HPLC f r a c t i o n s ,  but  a s i n g l e  prominent  peak o f  

im m unoreact iv i ty  was present  in f r a c t i o n  9 ,  which corresponded w i t h  

the [3HlPdG s tan d ard .  The c o - e l u t i o n  o f  PdG im m unoreac t iv i ty  w i t h  

the t r i t i a t e d  PdG marker gave a good i n d i c a t i o n  t h a t  PdG was present  

in the u r in e  o f  the In d ia n  rh in o cero s  dur in g  the l u t e a l  phase o f  the  

eye I e .

R e p r e s e n ta t iv e  e l u t i o n  p r o f i l e s  o f  PdG im m unoreac t iv i ty  in 

u r i n e  c o l l e c t e d  from n o r th ern  w h i te  and b la c k  rh inoceroses  dur ing  

the presumed l u t e a l  phase o f  the cy c le  a re  shown in F i g .  4 . 8  Ca and 

b r e s p e c t i v e l y ) .  In c o n t r a s t  to  the sample from the In d ian  

rh in o c e ro s ,  no im m unoreact iv i ty  c o - e l u t e d  w i t h  the [3HlPdG marker ,  

i e .  in f r a c t i o n s  9 and 10. The absence o f  immunoreact i v i ty  in the  

f r a c t i o n s  c o n t a in in g  the t r i t i a t e d  PdG sta ndard  suggested t h a t  no 

immunoreact ive PdG was p resent  in these u r i n e  samples,  i e .  PdG was 

not p resent  in u r i n e  c o l l e c t e d  d ur in g  the l u t e a l  phase o f  the  

o va r ian  cyc le  o f  the w h i t e  or the b la c k  r h in o c e r o s .  However, HPLC 

in d ic a te d  the presence o f  a substance in the u r i n e  o f  the A f r i c a n  

rh inoceroses  dur ing  the l u t e a l  phase o f  the c y c le  t h a t  cross r e a c t s  

w i t h  the PdG ant ise ru m .  The substance is i n d i c a t e d  by r e l a t i v e l y
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Figure  4 .7 .  E lu tio n  p r o f i le  showing the le v e ls  o f PdG 

immunoreact i v i ty  in 60 fra c tio n s  c o lle c te d  over a p erio d  o f 30 min 

during the HPLC o f u rin e  c o lle c te d  from an In d ian  rh inoceros during  

the presumed lu te a l phase o f the o varian  c y c le . The e lu t io n

p r o f i fe  o f [3HlPdG is  in d ica ted  by the do tted  l in e .

In a l l  the f o l l o w i n g  p r o f i l e s ,  open c i r c l e s  denote c o n c e n t r a t io n s  

below the assay s e n s i t i v i t y .
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F ig u re  4 .8 a  and b. R e p r e s e n t a t iv e  HPLC e l u t i o n  p r o f i l e s  o f  PdG 

im m unoreact iv i ty  in u r i n e  c o l l e c t e d  from n o r th e rn  w h i t e  and b lack  

rh in oceroses  (a  and b r e s p e c t i v e l y )  du r in g  the  presumed l u t e a l  phase 

o f  the o v a r ia n  cy c le  ( 0 + 7 ) .



Pd
G 

im
m

un
or

ea
ct

iv
ity

 
Pd

G 
im

m
un

or
ea

ct
iv

ity
 

(n
g/

f r
ac

tio
n)

 
17 

(n
g/

fra
ct

io
n)

202

>1600040

r20000

40 PdG

•12000

24 32 40  48  56
Fraction

H 
cpm

/fraction



203

high l e v e l s  o f  PdG im m u no reac t iv i ty  w i t h  a longer r e t e n t i o n  t ime on 

HPLC than [3H]PdG, i e .  in f r a c t i o n s  16-18.  Fur therm ore ,  the c ro ss 

r e a c t i n g  substance was present  in a l l  l u t e a l  phase u r in e  from both  

spec ies C 8) ,  and cont inued  to  e l u t e  w i t h  the same r e t e n t i o n  t ime  

w i t h  resp ect  to  [3H]PdG in a l l  samples a n a ly sed .  The i d e n t i t y  o f  

t h i s  cross r e a c t i n g  substance was not determined in t h i s  s tudy .

The e l u t i o n  p r o f i l e s  o f  20a-DHP im m u n o reac t iv i ty  in u r i n e  

c o l l e c t e d  from a n o r th e rn  w h i t e  rh in o ce ro s  d u r in g  the presumed 

f o l l i c u l a r  ( a )  and l u t e a l  ( b )  phase o f  the o v a r i a n  c y c le  a re  shown 

in F i g .  4 . 9 .  The e l u t i o n  p o s i t i o n s  o f  [ 3 H l l a b e l l e d  progesterone

( a ) ,  20a-DHP ( b )  and pregnanedio l  ( c )  a re  shown by the d o t te d  

l i n e s .  No 20a-DHP im m unoreac t iv i ty  could be d e te c te d  in any 

f r a c t i o n  r e s u l t i n g  from the HPLC a n a l y s i s  o f  u r i n e  samples from 2 

s e p a ra te  f o l l i c u l a r  phases.  However, in both u r i n e  samples from the  

p o s t - o e s t r u s  p e r i o d ,  a s i n g l e  peak o f  20a-DHP im m u n o reac t iv i ty  was 

d e tec te d  in the HPLC f r a c t i o n s  c o n t a in in g  the C3H320a-DHP marker  

( f r a c t i o n s  31 and 3 2 ) ,  i n d i c a t i n g  the presence o f  20a-DHP in the  

u r i n e  o f  the n o r th e rn  w h i te  rh ino c ero s  d u r in g  the l u t e a l  phase o f  

the o v a r ia n  c y c l e .

E l u t i o n  p r o f i l e s  o f  20o-DHP im m u n o rea c t iv i ty  in f r a c t i o n s  

c o l l e c t e d  from HPLC o f  u r in e  from the o v a r ia n  c y c le  o f  a second

n o r th ern  w h i te  female a re  shown in F i g .  4 . 1 0 .  A n a ly s is  o f  l u t e a l

phase u r in e  re v e a le d  a s i n g l e  peak o f  20a-DHP im m unoreac t iv i t y  t h a t  

c o - e lu t e d  w i t h  the r a d i o a c t i v e  20o-DHP marker ( 4 . 1 0 b ) .  However,  

HPLC a n a l y s i s  o f  u r i n e  c o l l e c t e d  d u r in g  the p r e - o e s t r u s  p e r io d

r e s u l t e d  in a d i f f e r e n t  p a t t e r n  o f  e l u t i o n  o f  20a-DHP

im m unoreac t iv i ty  between t h i s  animal  and the fem ale p r e v i o u s ly  

i n v e s t i g a t e d .  Al though n e i t h e r  o f  the presumed f o l l i c u l a r  samples 

conta ined  20a-DHP im m unoreac t iv i t y  which c o - e l u t e d  w i t h  [3H120a-DHP,  

a sep a ra te  peak o f  im m unoreac t iv i ty  was seen in each o f  the samples 

a na ly sed ,  which c o n s i s t e n t l y  e l u t e d  4 f r a c t i o n s  l a t e r  than the 2 0 a -  

DHP m arker.  This im munoreac t iv i ty  in d ic a t e d  the  presence o f  a

substance in the u r i n e  o f  t h i s  animal t h a t  cross re a c te d  w i t h  the  

20a-DHP a n t ib o d y .  However, i t  is  was not p o s s ib le  to  say whether
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F ig u re  4 . 9 a  and b. HPLC e l u t i o n  p r o f i l e s  o f  20<x-DHP

immunoreact iv i ty  in hydro lysed u r i n e  c o l l e c t e d  from a n o r th e rn  w h i te  

rh inoceros  during  the  presumed f o l l i c u l a r  and l u t e a l  phases o f  the  

o va r ian  cyc le  Ca and b r e s p e c t i v e l y ) .  The e l u t i o n  p r o f i l e  o f  3H-  

l a b e l l e d  progesterone  ( a ) ,  20or-DHP ( b )  and pregnaned io l  ( c )  is  

in d ic a te d  by the d o t te d  l i n e .
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F ig u re  4 . 1 0  a and b. HPLC e l u t i o n  p r o f i l e s  o f  20a-DHP 

im munoreact iv i ty  in hydro lysed  u r in e  c o l l e c t e d  from a second 

no r th ern  w h i te  r h in o c ero s  (an imal  3)  d u r in g  the f o l l i c u l a r  and 

l u t e a l  phase o f  the o v a r ia n  cy c le  (a  and b r e s p e c t i v e l y ) .
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F ig u re  4.11 a and b. R e p re s e n t a t iv e  HPLC e l u t i o n  p r o f i l e s  o f  20a -  

DHP im m unoreac t iv i ty  in hydro lysed  u r i n e  c o l l e c t e d  from b lack  

rh in oceroses  dur ing  the f o l l i c u l a r  and lu t e a l  phase o f  the o v a r ia n  

cy c le  (a  and b r e s p e c t i v e l y ) .
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t h i s  c r o s s - r e a c t i n g  substance was p resen t  on ly  in the f o l l i c u l a r  

phase samples,  as g r e a t e r  d i l u t i o n  o f  lu t e a l  samples p r i o r  to  assay 

may have prevented the d e t e c t i o n  o f  t h i s  im m u n o re ac t iv i ty .

R es u l ts  o f  e q u iv a l e n t  HPLC a n a l y s i s  o f  samples from b lack

rh in ocero ses  a re  shown in F i g .  4 . 1 1 .  HPLC o f  f o l l i c u l a r  phase 

samples ( 0 - 1 ;  4 samples from 4 a n im a ls )  d e te c te d  no

im munoreact iv i ty  in any o f  the samples.  A s i n g l e  peak o f

im munoreact iv i ty  c o - e l u t i n g  w i t h  [3H120a-DHP ( i e .  in f r a c t i o n  31)  

was d e te c te d  in a l l  l u t e a l  samples ana lysed  ( n = 4 ) ,  i n d i c a t i n g  the

presence o f  20<x-DHP in the u r in e  o f  the b lack  rh ino c ero s  d ur in g  the  

p o s t - o e s t r u s  p e r i o d .

The r e s u l t s  f o r  the HPLC a n a l y s i s  o f  u r i n a r y  progeste rone  

m e t a b o l i t e s  a re  summarised in T ab le  4 . 3 .  The l e v e l s  o f  PdG

im m u n o re a c i t i v i ty  determined dur in g  the l u t e a l  phase o f  the cy c le  in 

the In d ian  rh in o ce ro s  r ep res en ts  a d i r e c t  measurement o f  PdG. 

However, PdG im m unoreac t iv i ty  d e t e c t a b l e  in the u r in e  o f  the  

A f r i c a n  spec ies  o f  rh ino c ero s  a t  t h i s  t ime is due to  the presence o f  

a compound t h a t  c r o s s - r e a c t s  w i t h  the PdG a n t i  serum and is not a 

d i r e c t  measurement o f  PdG. In a l l  u r i n e  samples c o l l e c t e d  from  

A f r i c a n  rh in o c ero ses ,  20a-DHP was p resent  d ur in g  the l u t e a l  phase 

and absent  dur in g  the p r e - o e s t r u s  p e r i o d .  The excep t io n  was one 

female n or th ern  w h i te  rh in o cero s  in which 20a-DHP im m unoreact iv i ty  

was d e t e c t a b l e  in the f o l l i c u l a r  phase o f  the c y c le  a l though  t h i s  

im munoreact iv i ty  was not due to  the presence o f  20a-DHP but  a c ross

r e a c t i n g  substance.

4 . 3 . 2 . 2  Qestroqens

The e l u t i o n  p r o f i l e s  o f  oes trogen im m unoreac t iv i ty  in u r i n e  

f rom A f r i c a n  rh in oceroses  d ur in g  the o v a r ia n  cy c le  a re  shown in 

F i g s . 4 . 1 2  and 4 . 1 3 .

P r o f i l e s  o f  immunoreact ive oes trogens in f r a c t i o n s  e l u t e d  from  

HPLC o f  hydrolysed u r i n e  samples c o l l e c t e d  from a female n o r th ern
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Table  4 . 3 .  Summary o f  the r e s u l t s  o b ta in e d  by HPLC a n a l y s i s  o f  

u r i n e  samples c o l l e c t e d  from female rh in o ce ro ses  a t  v a r io u s  s tages  

o f  the r e p r o d u c t i v e  c y c l e .  A /  i n d i c a t e s  the  presence o f  

im munoreac t iv i ty  c o - e l u t i n g  With the  r e s p e c t i v e  3 H - l a b e l l e d  s ta ndard  

( • ) ,  an X i n d i c a t e s  t h a t  no im m un o reac t iv i ty  c o - e l u t e d  W ith  the  

t r i t i a t e d  s ta nd a rd .  Samples t h a t  Were not  an a lysed  a r e  i d e n t i f i e d  

( - ) .  Im m u n o rea c t iv i ty  in f r a c t i o n s  o t h e r  than those c o n t a i n in g  the  

r a d i o l a b e l  is  noted ,  and the r e t e n t i o n  t ime W ith  r es p ec t  t o  the  

r a d i o  labe l  recorded .

speci es an ima 1 s tag e  cyc le

PdG
immunoreact i v i t y

20o-DHP 
immunoreact i v i  ty

PdG* o th e r  
( r e t .  t ime  
Wrt PdG)

20a-DHP* o th e r  
( r e t .  t ime  

Wrt 20a)

1nd i an 1 1u t e a 1 / - - -

b 1 ack 6 f o 11i c u 1ar - - X -

1u t e a 1 X 7&8 / -

II 7 f o 1 1i c u 1ar — - X —

1u t e a 1 X 7 / -

II 8 f o 11i c u 1ar — - X _

1u t e a 1 X 6 - 8 / -

II 9 f o 11i c u 1ar - — X _

1u t e a 1 X 7&8 / -

nor thern
wh i te 2 f o 11i c u 1ar - - X -

f o 11i c u 1ar - - X -
1utea  i X 6&7 / -

1u t e a 1 X 6 - 8 / -

II 3 f o 11i c u 1ar - - X 4
f o 11i c u 1ar - - X 4
1u t e a 1 X 7 / -
1 u t e a 1 X 6 - 8 /
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w h i te  rh inoceros  3 days and 1 day p r i o r  to  mating a re  shown in F ig .

4 . 1 2 .  The e l u t i o n  p o s i t i o n s  o f  t 3H l l a b e l l e d  oestrone  ( a ) ,  

o e s t r a d i o I - 1 7a ( b )  and o e s t r a d i o I -173  ( c )  a re  shown by the d o t ted  

l i n e .  In the f i r s t  p r o f i l e  ( 0 - 3 )  no oestrogen im munoreac t iv i ty  was 

seen in the f r a c t i o n  c o n t a in in g  the o e s t r a d io ! - l 7 o c  standard  

( f r a c t i o n  18) ,  but im m unoreact iv i ty  c o - e l u t e d  w i t h  both the

[ 3H lo es t rone  and t 3H l o e s t r a d i o I -1 70  markers .  Al though the cross 

r e a c t i v i t y  o f  the an t ise ru m  w i t h  these oest rogens d i f f e r s  in the EIA  

system used (100% w i t h  oestrone  versus 161% w i t h  o e s t r a d i o I - 1 7 0 ) ,  

i t  is p o s s ib le  to e s t im a te  the r e l a t i v e  p r o p o r t io n s  o f  each s t e r o i d  

and i d e n t i f y  o e s t r a d i o I -170  as the most abundant oes trogen in u r in e  

c o l l e c t e d  3 days p r i o r  to o e s t r u s .  A n a ly s is  o f  u r i n e  c o l l e c t e d  on 

the day p r i o r  to o e s t ru s  ( F i g .  4 . 1 2  b) a ls o  showed oestrogen

immunoreact iv i ty  in HPLC f r a c t i o n s  c o n t a in in g  r a d i o I a b e I  Ied oes trone  

and o e s t r a d io I  - 1 7 0 ,  w i t h  no im m unoreac t iv i ty  c o - e l u t i n g  w i th

[ 3H l o e s t r a d i o I  -  I 7a.  The constant  c r e a t i n i n e  c o n te n t ,  i n d i c a t i n g

c o n s is te n t  water  conten t  o f  the samples, a l low ed  comparison o f  

oestrogen l e v e l s  between the samples. O e s t r a d io I  -  170 c o n c e n t r a t io n s  

increased over the 3 days p r i o r  to o e s t ru s ,  w h i l s t  oes trone l e v e l s  

remained con stan t .  A s i m i l a r  p a t t e r n  o f  e x c r e t i o n  o f  oest rogens  

over the 3 days p r i o r  to o e s t ru s  was seen f o r  the second n o r th ern  

w h i te  female under i n v e s t i g a t i o n .

An example o f  the e l u t i o n  p r o f i l e s  ob ta in ed  a f t e r  HPLC 

s e p a r a t io n  o f  u r i n a r y  oest rogens in f o l l i c u l a r  phase u r in e  from  

black  rh in ocero ses  ( 6  samples from 3 fem a les )  is  shown in F i g .

4 . 1 3 .  Oestrogen im m unoreac t iv i ty  was seen to  c o - e l u t e  c o n s i s t e n t l y  

w i t h  [ 3H lo e s t r o n e , w i t h  h igher l e v e ls  being  observed in the samples 

c o l l e c t e d  on the day p r i o r  to  the onset  o f  be hav io ura l  o es t ru s  than 

in those c o l l e c t e d  3 days p r i o r  to  o e s t r u s .  No oestrogen  

im munoreact iv i ty  was d e t e c t a b l e  in the f r a c t i o n s  c o n t a in in g  

t 3H l o e s t r a d i o I  - 170 in any o f  the samples t e s t e d .  Small amounts o f  

im munoreact iv i ty  were measurable in the p o s i t i o n  o f  the o e s t r a d i o l -  

17a marker in u r i n e  c o l l e c t e d  3 days p r i o r  to o es t ru s  in 2 out  o f  

the 3 fem ales .
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F ig u re  4 . 1 2  a and b. R e p re s e n t a t iv e  HPLC e l u t i o n  p r o f i l e s  o f

oestrogen im m unoreac t iv i ty  in hydro lysed u r i n e  c o l l e c t e d  from  

n o r th ern  w h i te  rh in o cero ses  3 days p r i o r  to mating  ( a )  and the day 

p r i o r  to  mating  ( b ) .  The leve l  o f  3H-rad  i oac t  i v i ty  in each

f r a c t i o n  is in d ic a t e d  by the d o t te d  l i n e .  The peak o f  r a d i o a c t i v i t y  

w ith  the s h o r t e s t  r e t e n t i o n  t ime re p re s e n ts  [3 H lo e s t ro n e  w h i l s t  the  

second and t h i r d  peaks re p res en t  [3 H ]o e s t r a d  io I - 17oc ( E 2 l 7 a )  and 

[ 3H lo e s t r a d  i o I - 1 7P (E2l7(S) r e s p e c t i v e l y .
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F ig u re  4 .1 3  a and b. R e p re s e n t a t iv e  HPLC e l u t i o n  p r o f i l e s  o f  t o t a l  

oestrogen im m unoreact iv i ty  in hydro lysed u r i n e  c o l l e c t e d  from b la ck  

rh in oceroses  3 days p r i o r  to mating ( a )  and the day p r i o r  to  mating  

( b ) .
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The r e s u l t s  f o r  the HPLC a n a l y s i s  o f  u r i n a r y  oestrogens a re  

summarised in Table  4 . 4 .  The f i g u r e s  shown a re  the co n c e n t r a t io n s  

o f  each oestrogen ( n g / m l )  which have been c o r r e c t e d  f o r  the X cross  

r e a c t io n  w i t h  the t o t a l  oestrogen an t is e rum  r e l a t i v e  to oes trone  

( IOOX).

4 . 3 . 3  HPLC a n a l y s i s  o f  u r i n a r y  s t e r o i d s  d u r in g  pregnancy

4 . 3 . 3 . I U r i n a r y  progesterone  m e t a b o l i t e s  d u r in g  pregnancy

E l u t i o n  p r o f i l e s  o f  u r i n a r y  progestero ne  m e t a b o l i t e s  during  

pregnancy in In d ia n  and A f r i c a n  rh in oceroses  a re  shown in F ig s .  

4 . 1 4 - 4 . 1 8 .

The e l u t i o n  p r o f i l e s  o f  PdG im munoreact iv i ty  in u r in e  excre ted  

by an In d ian  rh in o ce ro s  d ur in g  e a r l y  and l a t e  pregnancy a re  shown in 

F i g . 4 . 1 4  (a  and b r e s p e c t i v e l y ,  /t= I ) .  In the sample c o l l e c t e d  

during  the e a r l y  stages  o f  g e s t a t i o n ,  a s i n g l e  peak o f  

im munoreact iv i ty  was seen in the same f r a c t i o n  as the [3HlPdG 

marker.  In c o n t r a s t ,  the sample from l a t e  pregnancy contained  many 

substances t h a t  c r o s s - r e a c t e d  w i t h  the PdG an t is e ru m  r e s u l t i n g  in 

measurable amounts o f  im m unoreac t iv i t y  in almost  a l l  HPLC 

f r a c t i o n s .  However, the la r g e s t  peak o f  im m unoreact iv i ty  cont inued  

to c o - e l u t e  w i t h  the PdG s tan d ard ,  i e .  in f r a c t i o n  10.

F ig .  4 .1 5  shows the e l u t i o n  p r o f i l e  o f  PdG im munoreact iv i ty  (a  

and c) and 20a-DHP im m unoreac t iv i t y  (b and d) in u r i n e  from e a r l y  

and l a t e  pregnancy in a no r thern  w h i t e  r h in o c e r o s .  PdG 

im munoreact iv i ty  was not measurable in e a r l y  pregnancy u r in e  but  a 

s i n g l e  peak o f  im m unoreac t iv i t y  was seen to  c o - e l u t e  w i t h  the  

[3H320oc-DHP marker a f t e r  HPLC o f  t h i s  sample. In c o n t r a s t  to  the  

s i t u a t i o n  dur in g  e a r l y  pregnancy,  a l l  samples c o l l e c t e d  dur ing  l a t e  

g e s t a t i o n  conta ined  la rge  amounts o f  im m unoreac t iv i t y  which were 

almost e x c l u s i v e l y  as s o c ia te d  w i t h  the PdG s tan d ard .  Some 20a-DHP 

was d e te c ted  in l a t e  pregnancy u r i n e ,  a l though  l e v e l s  were
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Tab le  4 . 4 .  L e v e ls  o f  oes tro gen im m un o reac t iv i ty  c o - e l u t i n g  With 3H-  

l a b e l i e d  standards*  c o r r e c t e d  f o r  d i f f e r i n g  c r o s s - r e a c t i v i t i e s  With  

the t o t a l  oes trogen a n t ise ru m  With  o es t ro n e  as a s tandard  ( i e .  

o e s t r a d i o l - 1 7 a  63%, o e s t r a d i o I - 1 70 161%). R e s u l ts  a re  expressed as 

ng/  f r a c t i o n  (1 m l )  c o l l e c t e d  a f t e r  HPLC o f  u r i n e  from days 3 and 

1 p r i o r  to o e s t r u s  in n o r th e rn  White and b la c k  rh in o c e ro s e s .  A (—) 

in d i c a t e s  t h a t  no im m u n o reac t iv i ty  Was seen to  c o - e l u t e  With the 3H-  

l a b e l l e d  s tan d ard .

—

speci es an ima 1 t  i me Wr t  

o e s t ru s

oestrogen im m u n o re ac t iv i ty  ( n g / m l ) *

oes trone o e s t r a d i o l - 1 7 a o e s t ra d  iol -17|J

nor t h e m

wh i te 2 0 - 3 2-13 - 7-45

0-1 3-02 - 13-04

3 0 - 3 1 *77 - 9 -4 3

0-1 1 -98 — 19-28

b 1 ack 6 0 - 3 4-65 2-5 0

0-1 7-90 - -

7 0 - 3 14-01 3 -4 2 -

0-1 16-54 - -

9 0 - 3 2-97 - —

0-1 3-22 - -

* co r r e c te d  f o r  d i f f e r i n g  cross r e a c t i v i t y  o f  the an t iserum  f o r  

these s t e r o i d s .
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F ig u re  4 . 1 4  a and b. E l u t i o n  p r o f i l e s  o f  PdG im m unoreac t iv i ty  in 

u r in e  c o l l e c t e d  from an In d ian  rh in oceros  d ur in g  e a r l y  ( a )  and l a t e

( b )  pregnancy.
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Fig u re  4 . 1 5 .  E l u t i o n  p r o f i l e s  o f  PdG im m unoreact iv i t y  ( a  and c)  and 

20oc-DHP im m unoreac t iv i ty  (b and d) in u r in e  c o l l e c t e d  from w h i te  

rh in ocero ses  du r in g  e a r l y  (a  and b)  and l a t e  ( c  and d) pregnancy.

Peaks a,  b and c rep res en t  p r o g e s t e s t e r o n e , 20a-DHP and pregnanediol  
respect  i v e I y .
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c o n s i s t e n t l y  lower than those d e te c te d  d u r ing  the e a r l y  stages of  

g e s t a t i o n .

R esu l ts  f o r  the a n a l y s i s  o f  u r i n e  from pregnant  b lack  

rh in oceroses  a re  shown in F i g .  4 . 1 6 .  No 20oc-DHP im munoreact iv i ty

was measurable in any HPLC f r a c t i o n  a f t e r  a n a l y s i s  o f  samples from

e a r l y  pregnancy.  However, low l e v e l s  o f  PdG irrmunoreactivi  ty  were

d e tec te d  ( F i g .  4 . 1 6  a )  which c o - e l u t e d  e x c l u s i v e l y  w i t h  the PdG 

marker,  i n d i c a t i n g  t h a t  PdG is e xc re te d  d u r in g  e a r l y  pregnancy in 

the b lac k  rh in o c e r o s .  In l a t e  pregnancy u r in e  samples (n=4 ,  from 4 

a n i m a l s ) ,  HPLC e l u t i o n  p r o f i l e s  from a l l  animals showed larg e  

amounts o f  PdG im munoreact iv i ty  in a s i n g l e  peak which corresponded  

to the PdG marker.  Low l e v e ls  o f  20a-DHP were a ls o  measured in each 

sample du ring  l a t e  g e s t a t i o n .

4 . 3 . 3 . 2  U r i n a r y  oest roqens during  pregnancy

R e p r e s e n t a t iv e  HPLC e l u t i o n  p r o f i l e s  o f  oestrogen  

im munoreact iv i ty  in u r i n e  c o l l e c t e d  d ur in g  e a r l y  and l a t e  pregnancy  

from w h i te  and b lack  rh in o cero ses  have been combined in F i g .  4 . 1 7 .

W h i ls t  the la r g e s t  peak o f  oes trogen im m unoreac t iv i ty  co

e l u t e d  w i t h  the o e s t r a d i o I  -  170 marker in e a r l y  pregnancy u r in e  

c o l l e c t e d  from a n o r th ern  w h i t e  rh in o c e r o s ,  the major  oestrogen  

ex c re te d  in to  the u r i n e  by the b la c k  rh in o cero s  a t  t h i s  t ime was 

o e s t ro n e .  As d ur in g  the f o l l i c u l a r  phase o f  the o v a r ia n  c y c le ,  

oestrone was the on ly  oes trogen measurable in the u r in e  o f  the b lack  

r h in o c e r o s ,  a l though smal l amounts o f  o es t rone  accompanied 

o e s t r a d i o I  - 170 in the no r th ern  w h i te  rh in o c e r o s .

During l a t e  pregnancy in w h i t e  r h in o c ero ses ,  no oestrogen  

im munoreact iv i ty  was seen in the p o s i t i o n  o f  [ 3 H 3 o e s t r a d i o I - 170,  

but a s i n g l e  peak c o - e l u t e d  w i t h  t 3H]oes trone  in a i l  an imals t e s t e d .  

In the b lack  rh in o c e r o s ,  oestrone  cont inued to be the major  

oest rogen in the u r in e  d ur ing  l a t e  g e s t a t i o n .  However, a second 

peak o f  imm unoreact iv i ty  was measured in f r a c t i o n s  32 and 33 which
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F ig u re  4 . 1 6 .  E l u t i o n  p r o f i l e s  o f  PdG i m m u n o re a c t iv i ty (a  and c)  and 

20a-DHP immunoreact i v i ty  (b and d) in u r in e  c o l l e c t e d  from b lack  

rh in ocero ses  du ring  e a r l y  (a  and b)  and l a t e  ( c  and d)  pregnancy.

Peaks a,  b and c rep res en t  p rogesterone ,  20a-DHP and pregnanediol  

respect  i v e I y .
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F ig u re  4 . 1 7 .  E l u t i o n  p r o f i l e s  o f  t o t a l  oest rogen  im munoreact iv i ty  

in u r in e  c o l l e c t e d  d ur in g  e a r l y  (a  and c)  and l a t e  (b and d)  

pregnancy in w h i te  (a  and b) and b la ck  ( c  and d)  r h in o c ero ses .
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was l a t e r  i d e n t i f i e d  as the e l u t i o n  p o s i t i o n  o f  o e s t r i o l  ( E . M o s t l ,  

personal  communicat ion) .

The r e s u l t s  o f  HPLC a n a l y s i s  o f  oest rogens and progesterone  

m e t a b o l i t e s  in u r in e  c o l l e c t e d  dur in g  the e a r l y  and l a t e  stages  of  

pregnancy in both spec ies  o f  rh in o cero s  a re  summarised in Tab le  4 . 5 .

4 . 3 . 3  Sequential  hydro lys is  and so Ivo ly s is

4 . 3 . 3 . 1  Sequent ia l  h y d r o ly s i s  and so I v o l y s i s  o f  20a-DHP conjugates

R esu l ts  o f  se q u e n t ia l  h y d r o ly s is  o f  20oc-DHP co njugates  in

u r in e  samples c o l l e c t e d  d ur in g  the presumed lu t e a l  phase o f  the 

o v a r ia n  cyc le  in n o r th e rn  w h i te  and b la ck  rh in oceroses  a re  shown in 

Tables  4 . 6  and 4 . 7 .  Tab le  4 . 6  shows the c o n c e n t r a t io n  o f  20a-DHP 

im munoreact iv i ty  ( n g /m l )  present  ( a )  in the unconjugated form, ( b )  

as s t e r o i d s  conjugated  to  g lu cu ro n id es  or s u lp h a tes  and ( c )  as

conjugates which had remained unhydrolysed by enzyme a c t i o n  but  were  

cleaved by s o l v o l y s i s  ( r e s i d u a l ) .  In Tab le  4 . 7 ,  the r e s u l t s  are  

expressed as a % o f  the t o t a l  amount o f  20oc-DHP immunoreact i v i ty  

( n g /m l )  measurable in each sample ( i e .  t o t a l =  a+b+c) .  Also shown 

are  the meanis .e .m .  % o f  the t o t a l  20o-DHP c o n c e n t r a t io n  present  f o r  

each c o n jugate .

In both the n o r th e rn  w h i te  and b la c k  rh in o cero ses ,  the  

m a j o r i t y  o f  the u r i n a r y  20a-DHP was present  in the conjugated form.  

Less than 14% was unconjugated as in d ic a t e d  by the im munoreact iv i ty  

measurable a f t e r  e t h e r  e x t r a c t i o n .  Of the co njugates  c leaved by 

enzyme h y d r o ly s i s  over 53% were found to  be su lphates  in the  

no r th ern  w h i t e  rh in o c e r o s ,  w i t h  the p ercentage  o f  g lu cu ro n ide  

conjugates ranging from as l i t t l e  as 7*4% to 31*12%. In the b lack  

rh in o c e r o s ,  on ly  15*46% o f  the t o t a l  20a-DHP re le a s e d  by h y d r o l y s is  

and s o l v o l y s i s  was present  as a s u lp h a t e .  In t h i s  spec ies ,  

g lucuron id es  predominated and accounted f o r  over 50% o f  the t o t a l  

20a-DHP immunoreact i v i t y . In both species  less than 22% o f  the  

t o t a l  im m unoreact iv i ty  was in the r e s id u a l  p o r t i o n ,  i e .  measurable
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Tab le  4 . 5 .  Summary o f  the r e s u l t s  o f  HPLC s e p a r a t io n  o f  

progesterone  m e t a b o l i t e s  and oestrogens in u r i n e  c o l l e c t e d  from  

I n d ia n ,  White and b la c k  rh in o ce ro se s  a t  v a r io u s  s tages  o f  

pregnancy.

speci es an ima stage  o f  

g e s t a t  ion

pregnancy PdG 20a-DHP Ei E2 - 17a E2-17P e 3

I nd i an 1 ear 1 y 1 / — — _ _ —

l a t e 1 / - - - - -

nor thern

wh i te 3 ear 1 y 1 X / / X / X

ear 1 y 1 X / / X / X
1 a t e 1 / / / X / X

southern

wh i te 4 la t e 1 / / / X / X

I a te 2 / / / X / X

b 1 ack 9 ear 1 y 1 / X / X X X

ear 1 y 1 / X / X X X

l a t e 1 / / / X X /

10 l a t e 1 / / / X X /

1 1 I a te 1 / / / X X /

12 1 a te 1 / / / X X X
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Tab le  4 . 6 .  C o n c e n t ra t io n s  o f  20a-DHP im m u n o re ac t iv i ty  in ng/ml

u r i n e  from the l u t e a l  phase o f  b la c k  and n o r th ern  White

rh in o c e r o s e s ,  measurable a f t e r  e t h e r  e x t r a c t i o n  ( i n  the  unconjugated

form,  U ) ,  and r e le a s e d  a f t e r  s e q u e n t ia l  h y d r o l y s i s  With

g lu curon id ase  (c o n ju g a ted  as a g lu c u ro n id e ,  G ) ,  su lp h a tas e  (S )  and 

s o l v o l y s i s  ( R ) .

20a-DHP immuno r e a c t i v i t y  ( n g / m l )

n o r th e rn  White  rh in o c e ro s ' b la c k rh i noceros2

U G S R t o t a  1 U G S R t o t a l

2 -93 10-67 16-82 3-87 34 -29 0-95 5-13 1 -63 2-15 9 - 8 6

2 -24 8 -00 16-82 2-9 6 30 -02 1 -40 5-47 1 -96 5- 13 13-96

3-17 6 - 0 5 10-09 1 -34 20 -67 0 -8 0 4 - 8 6 0 - 6 6 1 -81 8- 13

2-33 1 -39 12-69 2-33 18-74 3 -26 7-41 2-37 1 -07 14- 10

2 - 3 6 8 -73 18- 14 9 - 3 0 38 -53 4- 12 13-75 6 -0 0 4 -6 2 27-50

i 5 samp Ies from 2 an ima 1 s

2 5 samp i es from 4 an ima 1 s
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Tab le  4 . 7 .  P r o p o r t io n  o f  the t o t a l  20o-DHP im m u n o reac t iv i ty  

( to ta l= u n c o n ju g a te d  + g lu c u ro n id e  + s u lp h a te  + r e s i d u a l )  measurable  

a f t e r  each s e q u e n t ia l  h y d r o l y s i s  procedure in u r i n e  from the  

n o r th ern  White ( a )  and b la c k  rh in o cero ses  ( b )  d u r in g  the lu t e a l  

phase o f  the o v a r ia n  c y c l e .

% t o t a l  20a-DHP im m u n o rea c t iv i ty  

unconjugated g lu cu ro n id e  s u lp h a te r e s id u a l

8 -5 0 31 -12  4 9 -05 11 - 29

no r th ern 7- 46 26 -65  56 -03 9 - 8 6

Wh i te 15-34 29 -27  48-81 6 -4 8

rh in o ce ro s 12-43 7-42  6 7 -7 2 12-43

6 -1 2 22 -65  4 7 -08 24- 14

mean

♦sem 9 -9 7  +1-53 23 -4 2 + 3 -8 0  53-74+3 -41 12 -8412-68
b

X t o t a l 20a-DHP im m u n o re ac t iv i ty

unconjugated 9 ucuron i de s u 1phate re s id u a l

9 -6 2 52 -02 16-53 21 -80

b la c k  10-03 39-  18 14-04 36 -74

rh in o cero s  9 - 8 4 59 -77 8-1 1 22 -26

23 -12 52 -55 16-80 7 -5 9

14-98 50 -00 21 -82 16-80

mean

±sem 13-52+2 -33 5 0 -7 0+ 2 -97 15-46+1-99 2 1 -0 4+ 4 -23
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a f t e r  s o l v o l y s i s ,  r e p r e s e n t in g  those conjugates  o f  unknown i d e n t i t y  

which a re  r e s i s t a n t  to enzyme h y d r o l y s i s .

4 . 3 . 3 . 2  Sequent ia l  h y d r o ly s i s  and s o l v o l y s i s  o f  oestrogen  

conjugates

Immunoreactive o e s t r a d i o I  -  173 (expressed as ng/ml and % t o t a l  

o e s t r a d i o I -173  im m u n o rea c t iv i ty )  c leaved from conju gates  by 

s eq u en t ia l  h y d r o l y s is  and s o l v o l y s i s  o f  u r i n e  c o l l e c t e d  from 

n or thern  w h i te  rh in oceroses  on the day p r i o r  to o e s t r u s ,  a re  shown 

in Tab Ie 4 . 8 .

A smal l p ro p o r t io n  o f  o e s t r a d i o I  -  I 73 imm unoreact iv i ty  ( l e s s  

than 2%) was measurable a f t e r  e th e r  e x t r a c t i o n  ( i e .  p resent  in the 

unconjugated fo rm ) .  W h i ls t  o e s t r a d i o I  -  I 73 immunoreact iv i ty  

l i b e r a t e d  by su lphatase  enzymes represented  on ly  2*16% o f  the t o t a l  

im m unoreact iv i ty  p re s e n t ,  s p e c i f i c  g lu c uron id ase  enzymes l i b e r a t e d  

over 80% o f  the t o t a l  i m m u n o re a c t iv i t y , i n d i c a t i n g  t h a t  the m a j o r i t y  

o f  o e s t r a d i o I -173  e xc re te d  in t o  the u r i n e  by the no r th ern  w h i te  

rh in o cero s  is in the form o f  a g lu c u ro n id e .  However, ap prox im ate ly  

16% o f  the o e s t r a d i o I - I 73 im munoreac t iv i ty  remained unhydrolysed by 

enyzme h y d r o ly s i s  a lo ne  and was on ly  measurable a f t e r  ac id  

so Iv o Iy s  i s .

Table 4 . 9 a  shows the amounts o f  oes trone  immunoreact iv i ty  

( n g / m l )  measurable by immunoassay a f t e r  s eq u e n t ia l  h y d r o l y s is  and 

s o l v o l y s i s  o f  u r in e  c o l l e c t e d  from b la c k  rh in o cero ses  dur in g  the 

f o l l i c u l a r  phase o f  the o v a r ia n  c y c le .  These r e s u l t s  a re  a lso  

expressed as a percentage o f  the t o t a l  oes t rone  immunoreact iv i ty  

recovered  in Tab le  4 . 9 b .

Very l i t t l e  (1*42%) oestro ne  im munoreac t iv i ty  was present  in 

the unconjugated form, w h i l s t  over 97% o f  the oestrone  measurable  

was presen t  in the u r in e  as con ju gates .  Of these c on jugates .
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T ab le  4 . 8 a .  C o n c e n t ra t io n s  o f  o e s t r a d i o l -1 7 $  im m unoreac t iv i t y  in 

ng/ml u r i n e  from the day p r i o r  to  mat ing  in n o r th e rn  White  

rhinoceroses"! measurable a f t e r  e t h e r  e x t r a c t i o n  ( i n  the unconjugated  

f o r m ) ,  and re le a s e d  a f t e r  s e q u e n t ia l  h y d r o ly s i s  With g lucuron id ase  

(co n jug a ted  as a g l u c u r o n i d e ) ,  su lp h a tase  and s o l v o l y s i s

( r e s i d u a l ) .

0 e s t r a d i o l - 1 7 f J  immunoreact i v i t y  ( n g / m l )  

unconjugated g lu c u ro n id e  s u lp h a te  r e s i d u a l t o t a  1

0*23  16-14 0 -2 4  2 -97 19-58
0 -13  12-26 0-61 2 -7 6 15-76
0-25  8 -5 8 0 -42  2 - 0 9 1 1 - 34
0 -1 8  8 - 2 9 0 - 1 9  1-21 9 -8 7
0 -0 9  8 -3 5 0 -08  1-75 10-28

Tab le  4 . 8 b .  P ro p o r t io n  o f  the  t o t a l o e s t r a d i o l - 1 7 $  im m unoreac t iv i ty

( t o t a l = u n c o n j u g a t e d  + g lu cu ro n id e  + su lp h a te  + r e s i d u a l )  measurable

a f t e r  each s e q u e n t ia l  h y d r o ly s i s procedure in u r i n e  from the

n o r th ern  White r h in o cero s  on the day p r i o r  to  m at in g .

X t o t a l  o e s t r a d i o 1-17$ immunoreact i vi  t y
unconjugated g lu c u ro n id e  s u lp h a te  r e s id u a l

1-16 82 -43 1-23 15-17
0 -0 8  77 -79 3-87 17-51
2- 20  75 -66 3 -7 0 18-43
1-82 8 3 -9 9 1 -92 12-26
0 - 0 9  8 1 -23 0 -0 8 17-02

mean
isem 1 -07+0-39  80*22+ 1-37 2 -1 6 + 0 -6 5 16-08+0 -98

i 5 samples from 2 animals
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Tab le  4 . 9 a .  C o n c e n t ra t io n s  o f  o es t ro n e  in vnunoreact iv i ty  in ng/ml  

u r i n e  from the day p r i o r  to  mat ing  in b la c k  rhinoceroses"!  measurable  

a f t e r  e t h e r  e x t r a c t i o n  ( i n  the unconjugated f o r m ) ,  and re le a s e d  

a f t e r  s e q u e n t ia l  h y d r o l y s is  With g lu cu ro n id a se  (co n ju g a te d  as a 

g lu c u r o n i d e ) ,  su lp hatase  and s o l v o l y s i s  ( r e s i d u a l ) .

unconjugated
o es t ro n e  im m unoreact iv i t y  

g lu cu ro n id e  s u lp h a te
( n g / m l ) 

r e s id u a l t o t a  1

0*09 7*08 1-25 0*15 8 -57
0 - 1 6 4 -5 2 1-27 0 - 3 4 6 - 2 9
0 -07 5-91 1 -07 0 -10 7* 15
0-0 8 7 -85 1 -50 0- 18 9*61
0*12 4 -83 1 -46 0 - 4 9 6*90

[ T ab le  4 . 9 b .  P r o p o r t io n  o f  the t o t a l  o es t ro n e  im m unoreac t iv i ty

| ( to ta l= u n c o n ju g a te d  + g lu c u ro n id e  + s u lp h a te  + r e s i d u a l )  measurable

a f t e r  each s e q u e n t ia l  h y d r o l y s is  procedure in u r i n e  from the b lac k
I
| rh in o cero s  on the day p r i o r  to  m ating .

X t o t a l  oestrone immunoreact i v i  ty

unconjugated g lu cu ro n id e s u lp h a te  re s id u a l

1*02 82*65  
2*51 71*92  
0*91 82*72  
0*86  81*63  
1*79 69*92

14*63 1*70 
20*21 5*36  
14*97 1*41 
15*63 1*88 
21*16  7*16

mean
isem 1*42+0*29 77*77+2*52 17*32+1*24 3*5 0+1*04

i 5 samples from 2 animals
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oestrone  g lu c u ro n id e  predominated in the u r i n e ,  r e p r e s e n t in g  78% o f  

the t o t a l  im m unoreac t iv i t y  l i b e r a t e d  by h y d r o l y s is  and s o l v o l y s i s  p r 

ocedures.  However, s i g n i f i c a n t  amounts o f  oestro ne  im m unoreact iv i ty  

remained unhydrolysed by g lucuron id ase  a lo n e ,  w i t h  17% present  as 

su lp hate  co njugates  and 3*5% remain ing unhydrolysed by enzymatic  

procedures but  l i b e r a t e d  by s o l v o l y s i s .

4 . 4  DISCUSSION

The aim o f  t h i s  study was to i n v e s t i g a t e  the metabol ism and 

e x c r e t i o n  o f  endogenous o e s t r a d i o I  - 1 7ft and progesterone  d ur ing  the  

ovar ia n  cyc le  and pregnancy in the b lac k  and w h i te  rh in o ce ro ses .  

Three approaches were used to  ach ieve  t h i s  end.

F i r s t l y ,  GC/MS was used to i d e n t i f y  the s t e r o i d  components 

o f  u r i n e .  Mass spectrom etry  has been w id e ly  used to  e l u c i d a t e  the  

molecula r  s t r u c t u r e  o f  b i o l o g i c a l  compounds and to study m e ta b o l ic  

pathways (Wilson and Gould ing ,  1986) .  The co up l ing  o f  a gas l i q u i d  

chromatograph s i m p l i f i e s  the i n t e r p r e t a t i o n  o f  the s t r u c t u r e  o f  any 

u r i n a r y  compound by ensuring  t h a t  i t  is in a r e l a t i v e l y  pure s t a t e .  

Such GC/MS a n a l y s i s  has been usefu l  f o r  the d e f i n i t i v e  

i d e n t i f i c a t i o n  o f  s t e r o i d s  in the u r in e  o f  humans (Sh a ck le to n  and 

Honour, 1977) and o th e r  mammals, eg. the horse (Houghton, Copsey,  

Dumasia, Haywood, Moss and T e a l e ,  1984; M a r s h a l l ,  Gower, Houghton,  

Dumasia, P a t e l ,  Byrne and M o r t i s h i r e - S m i t h , 1990) .

The GC/MS procedure was i n i t i a l l y  te s t e d  by the a p p l i c a t i o n

prov id ed  a mass spectrum o f  the a u t h e n t i c  s t e r o i d  f o r  re f e r e n c e .

U r in e  from l a t e  pregnancy in an In d ian  rh in o cero s  was used as a

b i o l o g i c a l  t e s t  as p rev io u s  s t u d ie s  (Kasman e t  a / . ,  1986; Hodges

and Green, 1989) had pro v id ed  a good i n d i c a t i o n  t h a t  PdG was an

a n a ly s is  o f  t h i s  u r i n e  conf irmed t h a t  pregnanedio l  was the most

o f  pure 20cx-hydroxy-4-pregnen-3-one s ta n da rd ,  which a lso

abundant u r i n a r y  progesterone  m e t a b o l i t e  a t  t h i s  t im e .  GC/MS
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abundant p rogesterone  m t a b o l i t e  during  pregnancy in the Ind ia n  

rh in o c e ro s ,  and a ls o  re v e a le d  the presence o f  o t h e r ,  less abundant  

C21  s t e r o i d s .  Amongst these m e t a b o l i t e s  were 17a-

hydroxypregnanoI  one and a p r e g n a n e t r i o I , both o f  which a re  u r i n a r y  

m e t a b o l i t e s  o f  I 7 a -h ydro xyp ro g es te ro n e  (Samarajeewa and K e l l i e ,  

1985) .  17a-Hydroxyproges tero ne has been shown to  be an important

pro gestero ne m e t a b o l i t e  during  pregnancy in o th e r  mammalian spec ies  

in c lu d in g  the human (Harkness and Love,  1966) and the goat  ( F l i n t ,  

Kingston,  Robinson and Thorburn,  1978) .

In the b la c k  and w h i t e  r h in o c e r o s ,  u r i n e  samples from la t e  

pregnancy were i n i t i a l l y  analysed by GC/MS as the presence o f  PdG 

had a l r e a d y  been i n d ic a t e d  by HPLC (Ramsay e t  a l .  1987) and the  

measurement o f  e le v a t e d  l e v e l s  o f  PdG im m unoreac t iv i t y  d ur ing  the  

t h i r d  t r i m e s t e r  o f  g e s t a t i o n  (Hodges and Green,  1989) .  Fur thermore ,  

u r in e  samples from l a t e  pregnancy were presumed to con ta in  h igher  

l e v e ls  o f  progestero ne  m e t a b o l i t e s  than samples voided during  aon-  

pregnancy when the r e p r o d u c t i v e  s t a t u s  o f  the animal could not be 

a c c u r a t e l y  determined .

Pregnanedio l  was not d e te c ted  in l a t e  pregnancy u r in e  o f  

e i t h e r  the w h i t e  or the b la c k  r h in o cero s  by GC/MS. Fur thermore ,  

there  was no ev idence  o f  the presence o f  20a-DHP in the u r i n e  a t  

t h i s  t ime.  Androsterone was i d e n t i f i e d  as the major n e u t ra l

s t e r o i d  in the u r i n e  o f  the southern w h i t e  r h in o c e r o s ,  w h i l s t  a 

p r e g n a n e t e t r o I  was the major s t e r o i d  m e t a b o l i t e  in the b lack  

rh in o c e r o s .  Androsterone has been shown to  be an important  

m e t a b o l i t e  o f  exogenously a d m in is te r e d  [ 14C Ip ro g es te ro ne  in the  

female p i g - t a i l  macaque ( J e f f e r y ,  1966) and may be an important  C1 9 -  

17 - o x o s t e r o id  d ur in g  pregnancy in the w h i t e  r h in o c e r o s .  However,  

t h i s  s t e r o i d  was on ly  i d e n t i f i e d  in one out  o f  the two samples 

analysed  from two pregnancies  in a s i n g l e  ind iv id ua l  and the  

s i g n i f i c a n c e  o f  t h i s  f i n d i n g  is not  c l e a r .

P re g n a n e te t ro I  was i d e n t i f i e d  as the o n ly  s t e r o i d  in the u r i n e  

o f  2 pregnant  b la ck  rh in o ce ro s es .  However, t h e r e  is  no l i t e r a t u r e
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a v a i l a b l e  on the u r i n a r y  e x c r e t i o n  o f  p re g n a n e t e t r o I  in any o ther  

mammalian sp ec ies .  Indeed,  mu 11 i -hydroxy  Ia t e d  C\9  s t e r o i d s  a re  

g e n e r a l l y  thought to be formed by the metabol ism o f  c o r t i c o s t e r o i d s ,  

eg.  3 a , 5 a -  and 3fJ, 5 0 - t e t r a h y d r o  d e r i v a t i v e s  o f  a ld o s t e r o n e  which a re  

found in human u r in e  ( K e l l y  and Lieberman,  1964) ,  and the  

p r e g n a n e te t r o I  exc re te d  by t h i s  spec ies may simply be a m e t a b o l i t e  

o f  a range o f  c o r t i c o i d s  produced by the maternal  and /o r  f o e t a l  

ad re n a ls  dur ing  l a t e  pregnancy.  Furthermore ,  the i d e n t i f i c a t i o n  o f  

the same p r e g n a n e t e t ro I  in u r i n e  c o l l e c t e d  from a female b lack  

rh in o cero s  dur ing  the o v a r ia n  cy c le  i n d ic a t e s  t h a t  t h i s  s t e r o i d  is  

not pregnancy s p e c i f i c ,  and thus the r e leva n c e  o f  i t s  measurement  

f o r  pregnancy d ia g n o s is  may be l i m i t e d .

Thus GC/MS f a i l e d  to co n f i rm  the presence o f  PdG or 20a-DHP 

dur in g  pregnancy in the A f r i c a n  spec ies  o f  rh in o ce ro s  but  in d ic a te d  

t h a t  o ther  s t e r o i d s ,  eg.  andro sterone  in the w h i te  and 

p r e g n a n e te t r o I  in the  b lack  rh in o c e ro s ,  a re  d e t e c t a b l e .  These 

f i n d i n g s  a re  s u r p r i s i n g  in view o f  the HPLC r e s u l t s  o b ta in ed  in 

t h i s  s tudy ,  and quest io n  the use o f  GC/MS f o r  s t e r o i d  i d e n t i f i c a t i o n  

in an imals in which r e l a t i v e l y  low l e v e l s  o f  hormones a re  e xcre ted  

in to  the u r i n e .  A s i m i l a r  study using GC/MS to  i d e n t i f y  the major  

u r i n a r y  progesterone m e t a b o l i t e  in the baboon, re p o r te d  t h a t  

3a,6f$, I 16 , 17 2 1 -pentahydro xy-5 fJ -pregnan-20-one  (6fS-hydroxy-THF) was 

the only  s t e r o i d  d e t e c t a b l e  by t h i s  method ( S e t c h e l l ,  Gontscharow,  

Axelson and S j o v a l l ,  1976) .  However, pregnaned io l  had p re v io u s ly  

been i d e n t i f i e d  as the major m e t a b o l i t e  o f  [ 14C]progesterone  in t h i s  

spec ies  (G o ld z ie h e r  and A x e l ro d ,  1969) and the measurement o f  PdG 

had been in f o r m a t iv e  in c h a r a c t e r i s i n g  the o v a r ia n  cy c le  and 

pregnancy in the female baboon (Hodges e t  a I . ,  1986) .

Even though la rge  volumes o f  u r in e  a re  g e n e r a l l y  prepared f o r  

GC/MS a n a l y s i s ,  on ly  a f r a c t i o n  ( 1 / 1 0 0 0 )  o f  the o r i g i n a l  sample is  

i n j e c t e d  onto the GC/MS. Procedural  losses d u r in g  the p r e p a r a t io n  

o f  samples f o r  GC/MS by the methods used in t h i s  study a re  h igh ,  and 

i t  was i n d ic a te d  t h a t  a 40% recovery  o f  s t e r o i d  may be expected  

a f t e r  d e r i v a t i z a t i o n  procedures .  Fu ture  s t u d i e s  may be improved by
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the e x t r a c t i o n  and p u r i f i c a t i o n  o f  s t e r o i d s  on A m b e r l i t e  XAD-2 

columns which have been shown to  g ive  opt imal  r e c o v e r ie s  o f  s t e r o i d s  

w h i l s t  r e t a i n i n g  any n o n -p o la r  m a t te r  (Axe lson and S j o v a l I  , 1974) .

In a d d i t i o n  to the high procedura l  losses,  r e p e t i t i v e  magnet ic  

scanning used in t h i s  and o t h e r  such exper im ents  has a d e t e c t io n  

l i m i t  o f  5 -500  ng ( H e w le t t  Packard,  personal  communicat ion) .  .The 

u r i n e  samples from pregnant  b la c k  and w h i t e  rh in o cero ses  t h a t  

underwent GC/MS were known to have a PdG c o n c e n t r a t io n  o f  between 

100 and 200 ng/ml , as determined by EIA .  A f t e r  procedura l  losses  

and the a p p l i c a t i o n  o f  a smal l f r a c t i o n  o f  th e  sample,  l e v e l s  o f  

s t e r o i d  may have been below the d e t e c t i o n  l i m i t  o f  the machine.  

Repeated a n a l y s i s  w i t h  r e p e t i t i v e  a c c e l e r a t i o n  v o l t a g e  scanning  

( B r o o k s ,M i d d I e d i t c h  and Harvey,  1971) would in crease  the s e n s i t i v i t y  

o f  the machine to  d e t e c t  10 pg and may enable low l e v e l s  o f  o v a r ia n  

s t e r o i d  m e t a b o l i t e s  to be i d e n t i f i e d .  Whatever the reason f o r  the  

f a i l u r e  to d e t e c t  PdG in l a t e  pregnancy u r i n e  o f  A f r i c a n  

r h in o cero ses ,  samples from non-pregnant  an im als  (presumed to  co n ta in  

even lower l e v e ls  o f  s t e r o i d )  were not e x t e n s i v e l y  an a lysed .

I t  is  not  p o s s ib le  to  comment on the use o f  GC/MS f o r  the  

i d e n t i f i c a t i o n  o f  u r i n a r y  oes t rogens .  The i n i t i a l  i n j e c t i o n  o f  

p h e n o l ic  e x t r a c t s  i d e n t i f i e d  the n o n - s t e r o i d a l  oes t ro g en ,  equol ( 7 -  

hydro xy-3 -<4 ' -h yd ro p h eny I>ch ro m an )  as the major  p h e n o l ic  c o n s t i t u e n t  

o f  rh in oc ero s  u r i n e  (see  F ig u re  4 . 1 8  f o r  s t r u c t u r e ) .

F ig u re  4 . 1 8 .  The chemical s t r u c t u r e  o f  equol ( 7 - h y d r o x y - 3 - { 4 * -  

hydrophenyI>chroman).
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Equol was p resent  In r h in o cero s  u r in e  in very  la rge  

q u a n t i t i e s  which prevented  the i d e n t i f i c a t i o n  o f  any o th e r  oestrogen  

and a ls o  prevented  i n j e c t i o n  o f  f u r t h e r  p h e n o l ic  e x t r a c t s  onto the  

machine.  Over the pas t  10 years t h e re  has been much i n t e r e s t  in 

the l e v e l s  o f  d i e t a r y  oest rogens and t h e i r  p o s s ib le  p h y s io l o g ic a l  

s i g n i f i c a n c e .  High l e v e l s  o f  equol have been re p o r te d  in the u r in e  

o f  many spec ies ,  in c lu d in g  the cow (Dewar, Glower,  Elsworth  and 

S a n d le r ,  1986) ,  sheep (Cox and Braden, 1974) and pr im ates  

(Ad I e r c r e u t z , Musey, F o t s i s ,  Bannwart ,  Wahala, Makela,  Brunon and 

Haste ,  1986) .  This poses a concern,  as equol is  the molecule  

re s p o n s ib le  f o r  c lo v e r  d isease  in sheep which leads to female  

i n f e r t i l i t y  and f o e t a l  m o r t a l i t y  r e s u l t i n g  in a b o r t i o n  (Moule,  

Braden and Lamond, 1963) .  However, la rge  q u a n t i t i e s  o f  equol in the 

female rh in o cero s  would appear to have no a f f e c t  on f e r t i l i t y .  

U r in e  from 4 pregnancies  was analysed  by GC/MS, and a l l  an imals  were 

shown to  e x c r e t e  c o n s ide rab le  amounts o f  eq u o l .  However, on ly  one 

o f  these  pregnancies r e s u l t e d  in a b o r t i o n ,  and a l l  females  

subsequently underwent f e r t i l e  o v a r ia n  cy c les  t h a t  led to  

co ncep t io n .  I t  is p o s s ib le  t h a t ,  l i k e  o th e r  spec ies  in c lu d in g  the  

macaque (Thompson, Las ley .  Rideout  and Kasman, 1984) ,  the rh inoceros  

is  r e s i s t a n t  to  equol p o i s / o n i n g .

In a d d i t i o n  to GC/MS a n a l y s i s ,  the metabol ism and e x c r e t i o n  o f  

s t e r o i d s  was a ls o  i n v e s t i g a t e d  by HPLC. The wide a p p l i c a b i l i t y ,  

speed and s e n s i t i v i t y  o f  HPLC have r e s u l t e d  in i t  becoming the most 

popu la r  form o f  chromatography,  e s p e c i a l l y  f o r  p o la r  compounds such 

as s t e r o i d s .  Using re v e rs e  or  normal phase HPLC, the s t e r o i d  

components o f  u r in e  may be s e p ara te d ,  each e l u t i n g  from the column 

s e p a r a t e l y ,  in order  o f  p o l a r i t y ,  w i t h  a unique r e t e n t i o n  t ime.  

Immunoreact i v i ty  in each HPLC f r a c t i o n  may then be determined by 

immunoassay. By combining the i n j e c t i o n  o f  u r i n e  w i t h  the  

a p p l i c a t i o n  o f  r a d i o I a b e I  Ied s t e r o i d s ,  co-chromatography o f  

im m unoreac t iv i t y  w i t h  r a d i o I a b e I  Ied s tandard  p ro v ides  a good 

i n d i c a t i o n  o f  the presence o f  a s t e r o i d  in u r i n e .  Im m unoreac t iv i t y  

which e l u t e s  w i t h  a d i f f e r e n t  r e t e n t i o n  t ime than the r a d i o I a b e I  Ied 

marker in d i c a t e s  the presence o f  a another substance in the u r i n e
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th a t  c r o s s - r e a c t s  w i t h  the a n t i  serum used. HPLC may thus be used to  

conf irm  the presence o f  a u r i n a r y  s t e r o i d  and to  v a l i d a t e  

immunoassays f o r  the measurement o f  t h a t  s t e r o i d  in a p a r t i c u l a r  

s p e c ie s .  However, HPLC is l i m i t e d  to the i d e n t i f i c a t i o n  o f  s t e r o i d s  

f o r  which th e re  a re  immunoassays a v a i l a b l e .  Th is  technique  can only  

conf irm  the presence or absence o f  s t e r o i d s  in b i o l o g i c a l  f l u i d s ,  

and i t  is not  p o s s ib le  to  d e t e c t  a l l  s t e r o i d s  p resent  or to  

determine t h e i r  s t r u c t u r a l  i d e n t i t y .

The r e s u l t s  o f  HPLC a n a l y s i s  o f  u r i n e  from the Indian  

rh in o cero s  i n d i c a t e  t h a t  PdG was p resent  and d e t e c t a b l e  by 

immunoassay dur in g  the lu t e a l  phase o f  the o v a r ia n  cy c le  and during  

pregnancy.  In c o n t r a s t ,  PdG could on ly  be d e te c te d  dur in g  pregnancy  

in the A f r i c a n  spec ies  and no PdG could be measured in any sample 

from the non-pregnant  a n im a l .  These r e s u l t s  to g e th e r  w i t h  those o f  

chapter  3 p rov id e  a c l e a r  i n d i c a t i o n  t h a t  PdG is not ex cere ted  as a 

m e t a b o l i t e  of  progesterone d ur in g  o v a r ia n  cyc le s  in the w h i te  and 

the b lack  r h in o c e ro s .  In t h i s  study i t  was not p o s s ib le  to  

determine whether u r in e  samples were taken from o v u l a t o r y  c y c le s .  

However, the f a i l u r e  to  d e t e c t  PdG in p o s t - o e s t r u s  u r in e  is 

c o n s is t e n t  w i th  the o b s e rv a t io n s  made by Ramsay e t  a l .  ( 1 987 )  who 

used s i m i l a r  HPLC techniques in the b la c k  rh in o c e ro s .  In t h i s  

respect  i t  can be concluded t h a t  the A f r i c a n  rh in oceroses  d i f f e r  

f rom the In d ian  spec ies  in which PdG is the major u r i n a r y  

progestero ne  m e t a b o l i t e  d u r in e  the lu t e a l  phase o f  the o v a r ia n  

eye I e .

Although PdG immunoreact i v i ty  was not  seen to  c o - e l u t e  w i t h  

[3H3PdG in p o s t - o e s t r u s  u r i n e ,  a s e p ara te  peak o f  im m unoreac t iv i ty  

was observed in a l l  a n im a ls .  Fur therm ore ,  t h i s  im m unoreact iv i ty  

e l u t e d  w i t h  the same r e t e n t i o n  t ime w i t h  re s p ec t  to  the PdG marker  

in a l l  samples.  T h is  peak o f  im m unoreac t iv i t y  in d i c a t e d  the  

presence o f  a substance in the u r i n e  o f  both the w h i t e  and the b lac k  

rh in o cero s  t h a t  c r o s s - r e a c t e d  w i t h  the PdG a n t i  serum. The i d e n t i t y  

and o r i g i n  o f  t h i s  immunoreact ive substance was not determined in 

t h i s  s tudy ,  a l though i t  was a more p o l a r  substance than PdG as
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in d ic a t e d  by i t s  longer r e t e n t i o n  t ime on rev e rs e  phase HPLC. 

Suggest ions as to i t s  i d e n t i t y  may be made by c o n s id er in g  the  

s p e c i f i c i t y  o f  the PdG an t ise ru m  used in t h i s  study and t h a t  o f

Ramsay et  a l .  (1 9 8 7 )  who f a i l e d  to d e t e c t  t h i s  immunoreact i v i ty by 

HPLC a n a ly s i s  o f  p o s t - o e s t r u s  u r in e  in the b la c k  rh in o c e ro s .  The 

a n t i  serum o f  Ramsay e t  a l .  (1 987 )  is more s p e c i f i c  f o r  PdG than t h a t  

used in t h i s  s tudy ,  the s p e c i f i c i t y  o f  which has been determined by 

Hodges and Green ( 1 989 )  who found t h a t  20a-DHP cross reac ted  

s i g n i f i c a n t l y  (12*1% by mass) w i t h  the a n t is e ru m .  The

immunoreact ive substance d e te c te d  by HPLC could p o s s ib ly  be 20a-DHP,  

but is more l i k e l y  to re p re s e n t  the  conjugated  form o f  t h i s  s t e r o i d  

(20a-DHP g lu curon id e  or 20a-DHP s u l p h a t e )  which has been shown by

se q u e n t ia l  h y d r o l y s i s  to  predominate in the u r i n e  o f  w h i t e  and b lack

rh in o ce ro ses .  However, i t  is not p o s s ib le  to  determine  the cross  

r e a c t i o n  o f  conjugated  20a-DHP w i t h  the PdG a n t i  serum, or the

e l u t i o n  p a t t e r n  on HPLC,|as 20a-DHP conjugates a r e  not commercial ly  

a v a i l a b l e .  Fur therm ore ,  i t  is not p o s s ib le  to  deduce whether t h i s  

substance is o f  o v a r ia n  o r i g i n  as u r i n e  samples from the f o l l i c u l a r  

phase were not an a lysed .

Combined HPLC and EIA techniques d e te c te d  20oc-DHP 

im m unoreact iv i ty  t h a t  c o - e l u t e d  w i t h  [3H]20a-DHP in a l l  l u t e a l  phase 

u r in e  samples from both spec ies  o f  A f r i c a n  r h in o c e r o s .  These 

r e s u l t s  conf im the f i n d i n g s  o f  chap ter  3 f o r  the w h i t e  rh in oceros  

and extend the o b se rva t io n s  to the b la ck  sp ec ies .  Al though the 20 a -  

DHP ant is erum  is n o n - s p e c i f i c  f o r  severa l  C2 1  s t e r o i d s ,  the s i n g l e  

peaks o f  immunoreact i v i ty  o b ta in ed  on HPLC suggest  t h a t ,  in most 

cases,  the measurement o f  20a-DHP in hydro lysed ,  p o s t - o e s t r u s  u r in e  

samples is s p e c i f i c .  Together these resu lts  suggest t h t  20a-DHP is 

the major  u r i n a r y  progestero ne  m e t a b o l i t e  in A f r i c a n  rh in o cero ses .  

20a-DHP was not  d e t e c t a b l e  in any u r i n e  sample from the f o l l i c u l a r  

phase, t h e r e f o r e  i t s  presence v a r i e s  accord in g  to  the stage  o f  the  

o v ar ian  c yc le  and the measurement o f  20a-DHP should be usefu l  f o r  

r e f l e c t i n g  progesterone  s e c r e t io n  and t h e r e f o r e  l u t e a l  f u n c t i o n .  

The only  except ion  was one n o r th e rn  w h i te  rh ino c ero s  (animal  3 ) ,  in 

which small amounts o f  an immunoreact ive substance o th er  than 20a -
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DHP were d e te c ted  in some samples ( 0 - 1 ,  n=2)  a f t e r  HPLC, g i v i n g  r i s e  

to e le v a t e d  20a-DHP im m unoreac t iv i ty  dur in g  the p r e - o e s t r u s  p er io d  

(see chapter  5 ) .

Sequent ia l  h y d r o l y s i s  i n d ic a t e d  t h a t ,  o f  the t o t a l  20a-DHP 

i m m u n o r e a c t iv i ty , ap p ro x im ate ly  15% e x i s t s  in the unconjugated form,  

suggest ing t h a t  the A f r i c a n  spec ies  o f  r h in o ce ro s  e x c r e te  the  

m a j o r i t y  (85%) o f  20a-DHP in the conjugated  form. However, the  

r e s u l t s  from chapte r  3 suggest  t h a t  a l l  20a-DHP is e x cre te d  in to  the  

u r i n e  in the conjugated form w i t h  no 20a-DHP p resent  in the  

unconjugated f r a c t i o n .  In the present  study the la rge  p ro p o r t io n  o f  

unconjugated 20a-DHP im munoreac t iv i ty  present  in the u r in e  may 

r ep rese n t  h y d r o ly s is  o f  the con jugate  dur ing  s to rag e  and subsequent  

thawing,  as u r in e  is f r o z e n  w i t h o u t  p r e s e r v a t i v e .  Of the 20a-DHP 

present  in the conjugated form, g lu cu ron id es  predominated in l u t e a l  

phase u r in e  from the b la c k  rh in o ce ro s  whereas su lp h a tes  were more 

abundant in the n o r th ern  w h i te  spec ies .  However, in both spec ies  a 

range o f  conjugates  were ex c re te d  in c lu d in g  over 13% which remained  

uncleaved by enzymat ic h y d r o ly s i s  and were not rep resen ted  in the  

HPLC e l u t i o n  p r o f i l e s  d esc r ib ed .

I t  is d i f f i c u l t  to compare the e x c r e t i o n  o f  20a-DHP by A f r i c a n  

rh inoceroses  to s t u d ie s  on o th e r  mammalian spec ie s  in which 20a-DHP 

is thought to be an impor tant  m e t a b o l i t e  o f  progestero ne  du ring  the  

o v a r ia n  cy c le  and pregnancy,  eg. the l i o n - t a i l e d  macaque ( S h i d e l e r  

e t  a l . ,  1985) and the k i l l e r  whale (Walker  e t  a l . ,  1988) .  In these  

s t u d i e s ,  u r i n a r y  20a-DHP was not  measured by a s p e c i f i c  enzyme 

immunoassay as descr ibed  here ,  but  by cross  r e a c t i o n  in a 

radioimmunoassay system w i t h  a n o n - s p e c i f i c  a n t ib o d y  r a is e d  a g a in s t  

PdG and 20a-DHP s tan dard s .  The au thors  o f  such r e p o r t s  in d ic a te d  

t h a t  the data  rep res en t  the amount o f  2 0 a - D H P - I ik e  im munoreact iv i ty  

in u r i n e ,  a l though HPLC re v e a le d  the presence o f  many immunoreact ive  

substances and t h e r e f o r e  the measurement is  l i k e l y  to  be non

s p e c i f i c  f o r  a range o f  u r i n a r y  p rogestero ne  m e t a b o l i t e s .  

Furthermore ,  the r e s u l t s  re p r e s e n t  a t o t a l  c o n c e n t ra t io n  o f  

conjugated  and unconjugated s t e r o i d  and in no r e p o r t  was se q ue n t ia l
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h y d r o ly s i s  performed to e s t a b l i s h  the p r o p o r t io n s  o f  20a-DHP in the  

con jugated and unconjugated form.

HPLC a n a l y s i s  o f  u r in e  from la t e  pregnancy in b la c k  and w h i te  

rh in oceroses  rev e a le d  the presence o f  PdG im m unoreac t iv i t y  co

chromatograph i ng w i t h  the t r i t i a t e d  PdG marker in a l l  cases. The

measurement o f  e le v a t e d  l e v e l s  o f  PdG du r in g  m i d - l a t e  g e s t a t i o n  has 

been described  in the b la c k  (Ramsay et  a l . ,  1987; Hodges and Green,  

1989)  and the southern w h i t e  rh in oceroses  (Hodges and Green,  1989) ,  

and the r e s u l t s  o b ta in ed  in t h i s  study a ls o  in d i c a t e  t h t  PdG is an 

abundant m e t a b o l i t e  o f  progesterone  d ur in g  the l a t e  stages o f  

pregnancy in these s p ec ies .

Such accounts a re  l i m i t e d  to the measurement o f  PdG d ur in g  mid 

to l a t e  pregnancy, and Ramsay et  a l .  ( 1 9 8 7 )  descr ib ed  a p o s s ib le  

d elay  in PdG e x c r e t i o n  r e f l e c t i n g  a m i d - g e s t a t i o n a l  s h i f t  in 

progesterone metabol ism in the b la c k  sp e c ie s .  Al though the HPLC 

r e s u l t s  presented here f o r  e a r l y  pregnancy a re  l i m i t e d  to  a s i n g l e  

b lac k  rh in o c e r o s ,  PdG im m unoreac t iv i ty  c o - e l u t i n g  w i t h  [3HIPdG was 

i d e n t i f i e d  in two s ep era te  samples c o l l e c t e d  d ur in g  t h i s  p e r io d .  A 

p o s s ib le  e x p la n a t io n  f o r  the e a r l i e r  d e t e c t i o n  o f  PdG during

pregnancy in t h i s  study is the use o f  a d i f f e r e n t  PdG an t ib od y  to  

t h a t  o f  Ramsay et  a l .  (198 7 )  in an EIA system o f  increased

s e n s i t i v i t y  (Hodges and Green, 1989) .  C e r t a i n l y ,  when the PdG assay  

used by Ramsay e t  a l .  ( 1 9 8 7 ) ,  was v a l i d a t e d  f o r  use in the g i a n t  

panda (Hodges e t  a l . ,  1984) i t  was found t h a t  the assay 

underest imated  the amount o f  PdG in the u r i n e  by a p p ro x im a te ly  40%, 

as determined by recovery  o f  known amounts o f  PdG from panda u r in e  

c o n t a in in g  low l e v e l s  o f  endogenous hormone. The accuracy o f  the  

PdG RIA w i t h  b la c k  rh in o cero s  u r i n e  has not  been determined,  but  

could p o s s ib ly  be lower than 101*5% de termined  by EIA in t h i s  s tudy .  

Such a r e d u c t io n  in accuracy ,  coupled w i t h  a decrease in s e n s i t i v i t y  

may have led to the f a i l u r e  to  d e t e c t  PdG in e a r l y  pregnancy samples 

f rom b la ck  rh in oceroses  in p rev ious  s t u d i e s .  The PdG EIA o f  Hodges 

and Green (19 8 9 )  may t h e r e f o r e  p ro v id e  a d i a g n o s t i c  t e s t  f o r  e a r l y  

pregnancy in the b lac k  r h in o c e ro s ,  and increased e f f i c i e n c y  may be
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ob ta in ed  i f  the immunoreact ive substance present  d ur in g  the lu t e a l  

phase o f  the o v a r ia n  c yc le  can be removed.

In c o n t r a s t  to  the b la c k  r h in o c e ro s ,  no PdG im munoreact iv i ty  

was seen to c o - e l u t e  w i t h  the PdG marker in u r i n e  c o l l e c t e d  dur ing  

e a r l y  pregnancy in a no r th e rn  w h i t e  rh in o c e r o s .  Even though t h i s  

o b s erv a t io n  is r e s t r i c t e d  to  one i n d i v i d u a l ,  HPLC a n a l y s i s  suggests  

t h a t  PdG is not a major  u r i n a r y  p rg es tero n e  m e t a b o l i t e  d ur ing  e a r l y  

g e s t a t io n  in the w h i t e  r h in o c e r o s .  However, a s i n g l e  peak o f  20a -  

DHP im m unoreact iv i ty  in e a r l y  pregnancy u r in e  from the nor thern  

w h i te  rh in oceros  was seen to c o - e l u t e  w i t h  C3H120a-DHP, i n d i c a t i n g  

t h a t  20a-DHP is the most abundant p rogestero ne  m e t a b o l i t e  dur ing  

e a r l y  pregnancy as w e l l  as dur in g  the o v a r ia n  c y c l e .  In c o n t r a s t ,  

no 20a-DHP im m unoreac t iv i ty  was seen in u r i n e  from an e a r l y  pregnant  

b la ck  rh in o c ero s .

Late  pregnancy u r in e  from w h i t e  and b la c k  rh in oceroses  

re v e a le d  im m unoreact iv i ty  t h a t  c o - e l u t e d  w i t h  the 20a-DHP marker in 

a l l  samples. Thus in both spec ies  o f  r h in o c e r o s ,  PdG and 20a-DHP 

a re  excre ted  in to  the u r in e  d ur in g  the t h i r d  t r i m e s t e r  o f  pregnancy.

Using HPLC, the major  u r i n a r y  oest rogens e x c re te d  3 days and I 

day p r i o r  to the onset  o f  behav ioura l  oe s t ru s  in the n o r th e rn  w h i te  

and the b lack  rh in oceros  were i d e n t i f i e d .  Co-chromatography o f  

oestrogen im munoreact iv i ty  on HPLC in d ic a t e d  t h a t  o e s t r a d i o l - 1 7 3  

was the most abundant u r i n a r y  oest rogen in the no r th ern  w h i te  

r h in o c e ro s ,  w i t h  s m a l l ,  and r e l a t i v e l y  constant  amounts o f  oestrone  

a ls o  being  excre te d  around the t ime o f  o e s t r u s .  Sequent ia l  

h y d r o l y s is  in d ic a t e d  t h a t  over 98% o f  the o e s t r a d i o l - 1 7 3  e x cre te d  

was present  in the u r in e  in the conjugated form, predominant ly  as a 

g lu c u r o n id e .  There a re  in c o n s is t e n c ie s  in the r e s u l t s  ob ta in ed  f o r  

the e x c r e t i o n  o f  endogenous oest rogens and those i d e n t i f i e d  a f t e r  

i . v .  i n j e c t i o n  o f  H C - l a b e l l e d  o e s t r a d i o l - 1 7 3  in the w h i te  

r h in o c e r o s .  In the metabol ism s tu dy ,  unmetabol ised  [ 1* C ] o e s t r a d i o I  -  

173 was excre te d  in to  the u r i n e ,  a l l  o f  which was removed by e t h e r  

e x t r a c t i o n ,  i e .  p resent  in the unconjugated form. Oestrone,  p resent
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in both the conjugated  and unconjugated form was found to be the  

major u r i n a r y  m e t a b o l i t e  o f  [1 * C ] o e s t r a d i o I - 173» a l though  HPLC 

in d ic a t e d  t h a t  oestrone  accounted f o r  on ly  a small  p r o p o r t io n  o f  the  

t o t a l  oestrogen im m u n o r e a c t iv i t y . Furtherm ore ,  no o e s t r a d i o I - 17a 

was i d e n t i f i e d  by HPLC, a l though  t h i s  was the second most abundant  

m e t a b o l i t e  i d e n t i f i e d  by the metabol ism s tu dy .

The r e s u l t s  o f  metabol ism study t h e r e f o r e  d i f f e r  f rom those  

obta ined  in t h i s  s tudy .  Al though i t  is not  c l e a r  which r e s u l t  is

c o r r e c t ,  the f i n d i n g s  o f  the present  study on the metabol ism and 

e x c r e t io n  o f  endogenous o v a r ia n  s t e r o i d s  is l i k e l y  to be the most 

r e l i a b l e  as the p a t t e r n  o f  metabol ism o f  exogenously ad m in is te red  

r a d i o l a b l l e d  s t e r o i d s  may be a l t e r e d  by the exper im enta l  procedure .  

O e s t ra d io l  has been i d e n t i f i e d  in the u r in e  o f  some u n g u la tes ,  eg.  

the okapi ( L o s k u t o f f  et  a ! . ,  1987) and pr im a te  sp e c ie s ,  eg. G o e l d i ' s

monkey ( C a r r o l l  e t  a l . ,  1990) and may be usefu l  in the d e t e c t i o n  o f

o v u l a t i o n  in the w h i t e  r h in o c e r o s .  Fur thermore ,  the increase  in

o e s t r a d i o l - 1 7 3  e x c r e t i o n  between days 3 and 1 p r i o r  to o es t rus  

i n d ic a t e s  t h a t  the measurement o f  u r i n a r y  o e s t r a d i o l - 1 7 3  may be used 

f o r  m o n i to r in g  f o l l i c u l a r  development in t h i s  s p ec ie s .

In the b lack  rh in o c e r o s ,  as in the m a j o r i t y  o f  o th e r  ungula te  

spec ies  in c lu d in g  the In d ian  rh in o ce ro s  (Kassam and L a s le y ,  1981) ,  

the major u r i n a r y  oest rogen was i d e n t i f i e d  as o e s t ro n e .  Over 98% o f  

the t o t a l  oes trone  im m unoreact iv i t y  measurable a f t e r  se q u en t ia l  

h y d r o ly s i s  was found to be p resent  in the conjugated  form, a s i m i l a r  

percen tage to  t h a t  o b ta in ed  by Ramsay e t  a l .  ( 1 9 8 7 ) .  In t h e i r  

study ,  Ramsay e t  a l .  ( 19 87 )  a ls o  i d e n t i f i e d  oes trone  g lucu onide as 

the major oes trone  conjugate  w i t h  s m a l le r  (30%) amounts o f  the  

t o t a l  oestrone  co n jugate  im m unoreac t iv i ty  being present  as a 

s u l p h a t e .  Th is  is in accordance w i t h  the r e s u l t s  o b ta in ed  in t h i s  

study ,  but  in c o n t r a s t  to the co n ju g a t io n  o f  oestrone  in the  

m a j o r i t y  o f  u ngu la te  spec ies  which e x c r e t e  oestrone  su lp h ate  

( L a s l e y ,  Troedsson and Haggerty,  1989) .
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Co-chromatography on HPLC o f  p r e - o e s t r u s  u r i n e  f a i l e d  to  

d e te c t  o e s t r a d i o l - 1 7 3  in a l l  samples c o l l e c t e d  from b lack  

rh in o cero s es .  Ramsay e t  a l .  (1 9 8 7 )  r e p o r t  the i d e n t i f i c a t i o n  o f  

o e s t r a d i o l - 1 7 3  in u r in e  using s i m i l a r  HPLC tech n iq u es ,  and f u r t h e r  

r e p o r te d  the measurement o f  comparable l e v e l s  o f  oestrone  and
f

o e s t a d io I  -1 73  in u r i n e  c o l l e c t e d  from 3 female  b lac k  rh in o c ero se s .A

However, these measurements were made w i t h  a t o t a l  oes trogen RIA,  

the s p e c i f i c i t y  o f  which is not  f u l l y  known, and re p re s e n t  oestrogen  

m e t a b o l i t e s  in u r in e  c o l l e c t e d  on the day o f  presumed f e r t i l e  

bre ed in g .  The r e s u l t s  presented  here r e f e r  to the p r o p o r t io n  o f  

oest rogens in u r i n e  c o l l e c t e d  on the day p r i o r  to  those analysed by 

Ramsay e t  a l .  ( 1 9 8 7 ) .  The presence o f  o e s t r a d i o I - 1 7a in u r in e  

c o l l e c t e d  3 days p r i o r  to  o e s t r u s ,  and i t s  absence in u r in e  

c o l l e c t e d  2 days l a t e r  i n d ic a t e s  the r a p id  change in the metabol ism  

of  oestrogens in t h i s  s p ec ies ,  and i t  may be p o s s ib le  t h a t  ye t  

another  oestrogen,  eg. o e s t r a d i o l - 1 7 3 .  may be p resent  in the u r in e  

a t  the t ime o f  o e s t ru s  t h a t  is u s u a l l y  a s s o c ia te d  w i t h  peak l e v e l s  

of  oestrogen e x c r e t i o n .

In a d d i t i o n  to suggest ing spec ies  d i f f e r e n c e s  in oestrogen  

metabol ism between the w h i te  and the b la c k  r h in o ce ro s  during  the  

p r e - o e s t r u s  p e r i o d ,  HPLC a n a l y s i s  o f  u r in e  i n d i c a t e d  t h a t  such 

d i f f e r e n c e s  may a ls o  e x i s t  throughout pregnancy.  During e a r l y  

pregnancy, o e s t r a d i o l - 1 7 3  cont inued  to  be the major  oest rogen in the  

u r in e  o f  the n o r th e rn  w h i te  rh in o c e r o s ,  w h i l s t  oes tr one  remained 

the on ly  immunoreact ive oest rogen in the u r i n e  o f  the b la ck  

r h in o c e r o s .  During l a t e  g e s t a t i o n ,  oest rogen  im m unoreac t iv i t y  co

e l u t e d  w i t h  [ 3H lo es t ro n e  in the u r i n e  o f  both the w h i t e  and the  

b la ck  rh in o c ero ses ,  i n d i c a t i n g  t h a t  o es t rone  is  the q u a n t i t a t i v e l y  

most important  u r i n a r y  oestrogen d u r in g  l a t e  pregnancy in both  

A f r i c a n  rh in o cero se s .  The absence o f  im m unoreac t iv i t y  c o - e l u t i n g  

w i t h  the o e s t r a d i o l - 1 7 3  marker in l a t e  pregnancy u r i n e  from n or th ern  

and southern w h i te  rh inoceroses  suggests a s h i f t  in the metabol ism  

o f  oest rogens dur ing  mid g e s t a t i o n  in t h i s  s p ec ies .
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In co n c lu s io n ,  t h i s  study has conf irmed the r e s u l t s  o f  the  

metabol ism study descr ib ed  in chapter  3,  t h a t  20a-DHP and not PdG is  

the most abundant p rogestero ne  m e t a b o l i t e  in the no n-p regnant ,  

female  w h i te  rh in oc ero s  and extended t h i s  o b s e r v a t io n  to the b la ck  

sp ec ies .  The r e s u l t s  a l s o  i l l u s t r a t e  spec ie s  d i f f e r e n c e s  in 

progesterone metabol ism between the A f r i c a n  rh in oceroses  and the  

In d ia n  spec ie s ,  in which PdG is the most abundant u r i n a r y  

progesterone m e t a b o l i t e  a t  a l l  stages o f  the r e p ro d u c t iv e  c y c le .  

Co-chromatography on HPLC suggested t h a t ,  w h i l s t  20a-DHP was 

present  in p o s t - o e s t r u s  u r i n e  from w h i te  and b la c k  r h in o c ero ses ,  in 

a l l  but  one animal  no 20a-DHP im m unoreact iv i t y  was seen in 

f o l l i c u l a r  phase samples. The measurement o f  u r i n a r y  20a-DHP in 

hydro lysed u r in e  from A f r i c a n  rh in oceroses  may t h e r e f o r e  p ro v id e  a 

method o f  m o n i to r in g  l u t e a l  f u n c t io n  in these spe c ies .  During

pregnancy however,  the A f r i c a n  spec ies  o f  rh in o cero s  e x c r e t e  PdG 

in to  the u r in e  a l though the t ime a t  which PdG becomes an important  

m e t a b o l i t e  o f  progeste rone  would appear to  vary between the b lack  

and the w h i te  rh in o ce ro ses .

Oestrogen e x c r e t io n  d ur in g  the f o l l i c u l a r  phase o f  the o v a r ia n  

cyc le  and in pregnancy a ls o  d i f f e r e d  between the w h i t e  and b lack  

rh in o cero se s .  Oestrone g luc u ro n id e  was the most abundant oestrogen  

in the u r in e  o f  the b lack  rh in oc ero s  d ur in g  the o v a r ia n  cy c le  and 

pregnancy. In the w h i te  rh in o c e r o s ,  o e s t r a d i o l - 1 7 3  (con ju gated  as a 

g lu c u r o n id e )  was the most abundant oest rogen d ur in g  the o v a r ia n  

c y c le ,  w h i l s t  oestrone  appeared to be importan t  dur ing  l a t e  

g e s t a t i o n .  The i d e n t i f i c a t i o n  o f  the major u r i n a r y  m e t a b o l i t e s  o f  

endogenous o v a r ia n  s t e r o i d s  in the A f r i c a n  r h in o ce ro s  should enable  

a p p r o p r ia t e  assay methods to  be developed f o r  t h e i r  measurement  

throughout the r e p r o d u c t iv e  c y c le  in these s p e c ie s .



248

CHAPTER 5 .

MONITORING THE REPRODUCTIVE CYCLE OF AFRICAN RHINOCEROSES 

BY THE MEASUREMENT OF STEROID HORMONE METABOLITES IN URINE

5.1  INTRODUCTION

5 . 2  MATERIALS AND METHODS

5 . 2 . 1  An i maIs and samp Ie coI  I e c t  i on

5 . 2 . 2  Hormone assay o f  con jugated  s t e r o i d s

5 . 2 . 3  Hormone assay o f  unconjugated s t e r o i d s

5 . 3  RESULTS

5 . 3 . 1  Measurement o f  u r i n a r y  s t e r o i d s  d u r in g  the  o v a r i a n  c y c le

5 . 3 . 1 . 1  U r i n a r y  s t e r o i d  e x c r e t i o n  d ur in g  the o v a r ia n  cy c le  in the

wh i te  rh i noceros

5 . 3 . 1 . 2  U r in a r y  s t e r o i d  e x c r e t io n  du r in g  the o v a r ia n  cy c le  in the  

b la c k  rh in o ce ro s

5 . 3 . 2  Measurement o f  u r i n a r y  s t e r o i d s  d u r in g  pregnancy

5 . 4  DISCUSSION



249

CHAPTER 5

MONITORING THE REPRODUCTIVE CYCLE OF AFRICAN RHINOCEROSES 

BY THE MEASUREMENT OF STEROID HORMONE METABOLITES IN URINE

5.1 INTRODUCTION

The r e s u l t s  o f  chapters  3 and 4 i n d i c a t e  t h a t  conjugated 20a -  

DHP is the major u r i n a r y  m e t a b o l i t e  o f  progesterone  during  the  

o v a r ia n  cy c le  in both the w h i te  and the b lack  rh in o c e ro s .  

Furtherm ore ,  spec ies  d i f f e r e n c e s  in the metabol ism o f  o e s t r a d i o l  

were suggested.  The w h i te  rh in oc ero s  e x c r e te s  o e s t r a d i o I  - 1 73 w h i l s t  

the b lac k  rh in o cero s  p r e f e r e n t i a l l y  e x c r e te s  oestro ne  in to  the u r in e  

around the t ime o f  o e s t ru s .

In c o n t r a s t  to the s i t u a t i o n  dur ing  the o v a r ia n  c y c l e ,  the  

measurement o f  u r i n a r y  PdG im munoreac t iv i ty  has been in f o r m a t iv e  in 

m o n i to r in g  mid to l a t e  g e s t a t i o n  in the A f r i c a n  spec ies o f  

rh in o cero s  (Ramsay et  a / . ,  1987; Hodges and Green,  1989) ,  and HPLC 

r e s u l t s  from Chapter  4 have conf irmed the presence o f  PdG in the 

u r i n e  o f  the b lac k  and w h i te  rh ino c ero s  a t  t h i s  t im e .  There is ,  

however,  no data a v a i l a b l e  on the p a t t e r n  o f  e x c r e t i o n  o f  s t e r o i d  

m e t a b o l i t e s  in to  the u r in e  d ur ing  the e a r l y  stages o f  pregnancy, nor 

have any s tu d ie s  in v e s t i g a t e d  in d e t a i l  the e x c r e t i o n  o f  oestrogens  

d ur ing  g e s t a t i o n .

The aim o f  t h i s  study was to  i n v e s t i g a t e  the p a t t e r n  o f  

e x c r e t io n  o f  oest rogens and progestero ne m e t a b o l i t e s  in to  the u r in e  

o f  A f r i c a n  rh in oceroses  d ur in g  the o v a r ia n  cy c le  and pregnancy. By 

comparing the p r o f i l e  o f  e x c r e t i o n  o f  seve ra l  d i f f e r e n t  s t e r o i d s ,  

the m e t a b o l i t e s  t h a t  most a c c u r a t e l y  r e f l e c t  o v a r ia n  f u n c t i o n  and 

g e s t a t io n  may be i d e n t i f i e d .  The o v e r a l l  o b j e c t i v e  o f  t h i s  study  

was to measure u r i n a r y  oest rogens and progesterone  m e t a b o l i t e s  

w i t h  a view to m o n i to r in g  o v a r ia n  f u n c t i o n  and pregnancy in A f r i c a n  

rh i noceroses .
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5 . 2  MATERIALS AND METHODS

5 . 2 . 1  Animals and sample c o l l e c t i o n

Hormonal p r o f i l e s  o f  the o v a r ia n  c y c le  a re  d e r iv e d  from d a i l y  

samples c o l l e c t e d  over a 60 day p e r io d  from a j u v e n i l e  female b lack  

rh in o cero s  (aged 4 - 6  months over the c o l l e c t i o n  per i od; animal 13) 

adult female b lac k  rh inoceroses  (n=4,  an imals 6 - 9 ) ,  a d u l t  female nor thern  

w h i t e  rh in oceroses  (n =2,  an imals 2 and 3)  and an a d u l t  female  

southern  w h i te  rh in o ceros  (animal  5 ) .  Animals were observed d a i l y  

by keeper s t a f f  and the occurence o f  mat ing and /o r  oes trous  

behaviour were recorded.  Oestrous behav iour  was c h a r a c t e r i z e d  by 

s w e l l i n g  o f  the v u lv a ,  increased frequency  o f  u r in e  s p ra y in g ,  

w h i s t l i n g  and i n t e r e s t  in the male ( R i t c h i e ,  1963; Mukinya, 1973)

Hormonal p r o f i l e s  during  mid to  l a t e  pregnancy a re  d e r iv e d  

from weekly samples c o l l e c t e d  w i t h i n  the l a s t  12 months p r i o r  to  

b i r t h  o f  a l i v e  c a l f  f rom female b lac k  rh in oceroses  (n=4 ,  an imals 9 -  

12) ,  a female  n o r th e rn  w h i t e  rh in o ce ro s  (animal  3 ) ,  a female  

southern w h i te  rh in o cero s  (animal  4 )  and a female  Ind ia n  rh in o cero s  

(animal  1 ) .  Hormonal p r o f i l e s  f o r  complete pregnancies  were

d e r iv e d  from weekly samples c o l l e c t e d  from a female  b lack  rh in o cero s  

(animal  9 )  and a female no r th e rn  w h i te  r h in o ceros  (animal  3)  who 

concieved and gave b i r t h  dur in g  the course o f  t h i s  s tudy .

Samples were c o l l e c t e d  accord ing to the procedure o u t l i n e d  in

s e c t io n  2 . 1 .  Each sample was analysed  f o r  c r e a t i n i n e  content  

immediately upon the  f i r s t  thawing ( s e c t i o n  2 . 2 )  and hormone 

c o n c e n t r a t io n s  were indexed to  c r e a t i n i n e  throughout t h i s  s tudy.

5 . 2 . 2  Hormone assay o f  con jugated  s t e r o i d s

Conjugated hormones were measured d i r e c t l y  in u r in e  a f t e r  

c e n t r i f u g a t i o n  to remove p a r t i c u l a t e  m a t t e r .  H y d ro ly s is  and 

e x t r a c t i o n  were not c a r r i e d  o u t .
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Oestrone conjugates  were measured d i r e c t l y  in u r i n e  by RIA (see  

s e c t io n  2 .1 0  f o r  method and v a l i d a t i o n  f o r  use in the r h in o c e r o s ) .  

P r i o r  to a n a l y s i s ,  u r i n e  from both b la ck  and w h i t e  rh inoceroses  was 

d i I u  ted 1:2.

PdG was measured in un e x t ra c te d  u r i n e  by EIA accord in g  to the  

method o f  Hodges and Green ( 1 9 8 9 )  (see  s e c t i o n  2 . 1 2  f o r  method and 

v a l i d a t i o n ) .  P r i o r  to a n a l y s i s ,  u r in e  c o l l e c t e d  du r ing  pregnancy  

was d i l u t e d  1:20 f o r  samples from the In d ia n  r h in o ce ro s  and 1:5 f o r  

samples from the A f r i c a n  s p e c ie s .  U r in e  samples from the o v a r ia n  

cy c le  in the w h i te  and b la ck  rh inoceroses  were assayed a t  a d i l u t i o n  

o f  1:5 in the f i r s t  in s tan ce ,  samples c o n t a in in g  u n d e te c ta b le  le v e ls  

o f  PdG im munoreac t iv i ty  were then re -assayed  a t  a d i l u t i o n  o f  1:2.

5 . 2 . 3  Hormone assay o f  unconjugated  s t e r o i d s

U r in e  samples were hydro lysed and e x t r a c t e d  b e fo r e  assay f o r  

oe s t ro n e ,  o e s t r a d i o I  - 173,  progestero ne  and 20a-DHP. R esu lt s  were 

co r r e c te d  f o r  h y d r o ly s is  and e x t r a c t i o n  e f f i c i e n c i e s .  Data from  

these assays rep res en t  a summation o f  l e v e l s  o f  s t e r o i d s  fo r m e r ly  

present  in the u r i n e  in the unconjugated form and those as 

conjugates  which were hydrolysed by the enzymat ic  procedures .

Unconjugated oes tr one  was measured in u r in e  a f t e r  h y d r o l y s is  

and e x t r a c t i o n  by the RIA o f  Hodges et  a l .  (1983a;  see s e c t io n  2 . 8  

f o r  method and v a l i d a t i o n ) .  R esu l ts  p resented  t h e r e f o r e  rep re sen t  

t o t a l  oestro ne  im m unoreact iv i t y  in u r in e  ( i e .  unconjugated oestro ne  

in a d d i t i o n  to those conjugates  c leaved by enzyme h y d r o l y s i s ) .  

U r in e  samples were assayed a t  a d i l u t i o n  o f  1:40 which a ls o  

accounted f o r  the d i l u t i o n s  made dur in g  sample p r e p a r a t i o n .  The 

co n c e n t r a t io n  o f  oestrone  im m unoreac t iv i ty  in each sample, as 

determined by RIA, was then c o r r e c t e d  f o r  h y d r o l y s i s  e f f i c i e n c y  and 

each in d i v id u a l  e x t r a c t i o n  recovery  (see s e c t io n  2 . 8 . 1  f o r  method) .

Unconjugated o e s t r a d i o I -1 73  was measured in u r i n e  a f t e r  

h y d r o ly s i s  and e x t r a c t i o n  accord ing  to the method o f  Shaw et  a l .
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(1989 )  (see s e c t io n  2.11 f o r  method and v a l i d a t i o n ) .  U r in e

samples were assayed a t  a d i l u t i o n  o f  1:20 .  Progesterone  was 

measured in u r in e  a f t e r  h y d r o l y s is  and e x t r a c t i o n  accord ing  to  the  

method o f  Hodges e t  a l .  (1983b)  (see  s e c t io n  2 . 9  f o r  method and 

v a l i d a t i o n  f o r  use w i t h  r h i n o c e r o s ) .  U r in e  samples were

assayed a t  a d i l u t i o n  o f  1 :30 .  Unconjugated 20a-DHP was measured in 

u r in e  a f t e r  h y d r o ly s i s  and e x t r a c t i o n  as descr ib ed  in s e c t io n  2 .1 3 .  

U r in e  samples from the w h i te  rh in o cero ses  were assayed a t  a 

d i l u t i o n  o f  1:400 and samples from b la c k  rh in oceroses  were assayed 

a t  a d i l u t i o n  o f  1:40.

5 . 3  RESULTS

5 . 3 . 1  Measurement o f  u r i n a r y  s t e r o i d s  d u r in g  the o v a r ia n  c y c le

5 . 3 . 1 . 1  U r i n a r y  s t e r o i d  e x c r e t io n  dur ing  the o v a r ia n  cyc le  in the  

w h i te  rh in oceros
|

The p a t t e r n  o f  e x c r e t i o n  o f  20a-DHP, PdG and progesterone  

throughout 2 oes trous cyc les  in a n o r th ern  w h i t e  r h in o ce ro s  (animal  

2) a re  shown in F ig .  5 . 1 .  During the sample c o l l e c t i o n  p e r io d ,

p o s i t i v e  matings (M) were observed on days 11 and 35 as in d ic a te d  

by an arrow.  Leve ls  o f  u r i n a r y  immunoreact ive PdG ( F i g .  5 . 1 . b ) were 

low ( l e s s  than 30 ng/mgCr) ,  but  d e t e c t a b l e  throughout the sample 

c o l l e c t i o n  p e r io d .  Al though some f l u c t u a t i o n s  in l e v e l s  were seen,  

l e v e ls  o f  PdG were e le v a t e d  a t  the t ime o f  o e s t ru s  and th e r e  were 

no c y c l i c a l  changes which corresponded to the t ime o f  observed  

m at in g .  T h e r e f o r e ,  changes in l e v e ls  o f  PdG were not  r e l a t e d  to the 

stage  o f  the o v a r ia n  c y c l e .  U r in a r y  immunoreact ive progesterone  

l e v e l s  were a ls o  low ( l e s s  than 15 ng/mgCr) d ur in g  the 60 day 

p er io d  and showed no c l e a r  c y c l i c  p a t t e r n .
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F ig u re  5 . 1 .  P a t t e r n  o f  e x c r e t i o n  o f  20a-DHP ( a ) ,  PdG ( b )  and 

pro gestero ne ( c )  d ur in g  success ive oestr ous  cyc le s  in a nor thern  

w h i te  rh in o ce ro s  (an imal  2 ) .  The arrows re p r e s e n t  the t ime of

mat ing (M ).



pr
og

es
te

ro
ne

 
(n

g/
m

gC
r) 

Pd
G

(n
g/

m
gC

r) 
2O

0C
DH

P 
(n

g/
m

g 
Cr

)

254

a 100

days



255

Peak le v e ls  o f  20o-DHP in the u r in e  were c o n s id era b ly  h igher  

than those measured by immunoassays f o r  p rogestero ne  and PdG. There 

was a c l e a r ,  c y c l i c  p a t t e r n  o f  20oc-DHP e x c r e t i o n  in which a marked 

increase  in 20a-DHP occurred immediately f o l l o w i n g  the day o f  

mat ing .  Leve ls  o f  20oc-DHP were e i t h e r  low ( l e s s  than 10 ng/mgCr) or  

u n d e tec ta b le  f o r  a t  l e a s t  10 days p r i o r  to  m at in g .  E le v a te d ,  

( g r e a t e r  than 10 ng/mgCr) a l though somewhat v a r i a b l e  l e v e l s  were 

measured during  both p o s t - o e s t r u s  p e r io d s ,  dur in g  which le v e ls  

remained e l e v a t e d  above 10 ng/mgCr f o r  16 and 19 days. Maximum 

l e v e ls  o f  20a-DHP ( 7 0 - 8 0  ng/mgCr) were observed 8 and 9 days a f t e r  

o e s t r u s ,  corresponding to the middle o f  the presumed i u t e a i  phase.

Behavioura l  da ta  suggest  t h a t  the cyc les  descr ib ed  by 20<x-DHP 

e x c r e t io n  were o v u l a t o r y .  A d d i t i o n a l  ev idence is pro vided  by the  

u r i n a r y  oestrogen p r o f i l e .  U r in a r y  oes trogen p r o f i l e s  (o es t ro n e  

con jugates ,  oes trone  and o e s t r a d i o I - 1 7 0 )  f rom the same nor thern  

w h i te  female  (animal  2)  a re  shown in F ig u re  5 * 2 .  Leve ls  o f  oest rone  

conjugates in the u r i n e  were c o n s i s t e n t l y  low and showed no 

e l e v a t i o n  p r i o r  to or around the t ime o f  observed mat ing .  

S i m i l a r l y ,  the p r o f i l e  o f  unconjugated oestrone  a f t e r  h y d r o ly s is  

showed low le v e ls  ( 0 * 2 5 - 2  ng/mg Cr)  p r i o r  to mat ing  al though  

e le v a t e d  l e v e ls  were observed dur ing  the oestrous  p e r io d .  Maximum 

va lues  dur ing  t h i s  p e r io d  were app ro x im a te ly  5 ng/mgCr.

In c o n t r a s t ,  the l e v e ls  o f  o e s t ra d  i o I -170  showed a c y c l i c  

p a t t e r n  o f  e x c r e t i o n .  In t h i s  animal th e re  were th re e  d i s t i n c t  

pe r io ds  o f  e le v a t e d  o e s t rad  i o I - 1 7 0 ,  w i t h  maximum values ( 7 - 8  

ng/mgCr) on two occasions occurring e i t h e r  the day o f  or the day 

preceeding mat ing .  A t h i r d  peak o f  o e s t r a d i o I -170  e x c r e t i o n  is 

shown al though behav ioura l  o es t rus  was not  d e t e c t e d .  The d u ra t io n s  

o f  the increases in l e v e l s  o f  o e s t r a d i o I -170  were 9 and 7 days.

The combined p r o f i l e s  o f  20a-DHP and o e s t r a d i o I -170  e x c r e t i o n  

dur ing  the sample c o l l e c t i o n  p e r io d  from t h i s  n o r th ern  w h i te  

rh in o cero s  a re  shown in F ig .  5 . 3 .  From t h i s  f i g u r e  the temporal  

r e l a t i o n s h i p  between 20a-DHP and o e s t r a d i o I -170  e x c r e t i o n  can be
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F ig u re  5 . 2 .  P a t t e r n  o f  e x c r e t i o n  o f  o es t ro n e  conjugates  ( a ) ,

o es t rone  ( b )  and o e s t r a d i o I  - 1 7& ( c )  d ur ing  success ive oes trous

cy c le s  in a no r th ern  w h i te  rh in o c ero s  (animal  2 ) .  The arrows  

r ep rese n t  the t ime o f  mat ing (M ) .
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F ig u re  5 . 3 .  P a t t e r n  o f  e x c r e t i o n  o f  20a-DHP and o e s t r a d i o I - 170 

dur in g  success ive oes trous  cy c le s  in a n o r th e rn  w h i te  rh in oceros  

(animal  2 ) .  The p r o f i l e s  a re  compiled from F i g .  5 . 1 a  and 5 . 2 c .
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seen.  Peaks o f  o e s t r a d i o I -1 73  e x c r e t i o n  occured d u r in g  per io d s  of  

low 20oc-DHP e x c r e t i o n  in a l l  cases, i e .  a t  the t ime o f  mat ing .  

L eve ls  reached a n a d i r  a t  the t ime o f  maximum 20a-DHP e x c r e t i o n .  As 

20a-DHP l e v e ls  f e l l ,  eg.  a t  days 27 and 56,  the c o n c e n t ra t io n  o f  

o e s t r a d i o l - 1 7 3  in the u r i n e  began to  r i s e  and thus may be

i n t e r p r e t e d  as s i g n i f y i n g  the onset  o f  the f o l l i c u l a r  phase.  The 

t ime between observed mat in gs ,  i e .  the i n t e r - o e s t r u s  i n t e r v a l ,  in

t h i s  animal was 24 days.  The c y c le  length  as determined by

o e s t r a d i o I  - 17& e x c r e t i o n ,  i e .  the t ime between peak l e v e l s  o f

o e s t r a d i o I - 1 7 3 ,  was 23 days f o r  both cy c les  i l l u s t r a t e d .

The combined p r o f i l e s  o f  20a-DHP and o e s t ra d  i o I -1 73  e x c r e t i o n  

in a second female n o r th e rn  w h i te  rh in o cero s  (animal  3)  over a 60 

p e r io d  a re  shown in F i g .  5 . 4 .  P r e - o e s t r u s  l e v e ls  o f  20a-DHP in 

t h i s  animal were c o n s id erab ly  h ig her and more v a r i a b l e  (1 8 - 3 5  

ng/mgCr) than the l e v e ls  seen in animal  2 ( t h e  f i r s t  n o r th e rn  w h i te  

rh in o cero s  d e s c r ib e d ) .  However, as in animal  2 ,  th e re  was a c le a r  

and marked increase  in 20a-DHP e x c r e t i o n  f o l l o w i n g  the day o f  

observed mating and the p r o f i l e  o f  20a-DHP e x c r e t i o n  f o l lo w e d  a 

s i m i l a r  c y c l i c  p a t t e r n .  Maximum l e v e ls  o f  20a-DHP ( 7 5 - 9 0  ng/mgCr)  

were s i m i l a r  to those in animal 2 ( 6 0 - 8 0  ng/mgCr) and were a ls o

reached around 8 -12  days a f t e r  o e s t r u s ,  in the middle o f  the l u t e a l  

phase .

The p a t t e r n  o f  u r i n a r y  o e s t r a d i o I  - 173 e x c r e t i o n  in t h i s  animal  

is less c l e a r ,  a l though  l e v e l s  do f a l l  w i t h i n  the same range as 

those in animal 2 and increase  during  both p e r io d s  o f  low 20a-DHP 

e x c r e t i o n .  The i n t e r - o e s t r u s  i n t e r v a l  in t h i s  animal was 29 days.  

The t ime between o e s t r a d i o I -1 73  peaks was 24 days.

F ig u re  5 . 5  shows the combined 20a-DHP and o e s t r a d i o I -173  

p r o f i l e s  in u r in e  samples c o l l e c t e d  from a southern w h i te  

r h in oceros  (animal  5 ) .  No behav io ura l  s igns  o f  oes t ru s  were seen,  

a l though the hormonal p r o f i l e s  c l e a r l y  show a c y c l i c  p a t t e r n  o f  

e x c r e t i o n .  Low l e v e l s  o f  20a-DHP ( l e s s  than 10 ng/mgCr) were seen 

f o r  16 and 19 days p r i o r  to a ra p i d  increase  on days 18 and 47
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F ig u re  5 . 4 .  P a t t e r n  o f  e x c r e t i o n  o f  20<x-DHP and o e s t r a d i o I - 170 

d ur in g  success ive  oestrous  c yc les  in a n o r th e rn  w h i t e  rh inoceros  

(an imal  3 ) .  The arrows in d i c a t e  the t ime o f  observed mating  (M).
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F ig u re  5 . 5 .  P a t t e r n  o f  e x c r e t i o n  o f  20a-DHP and o e s t ra d  i o I - 1 7fJ

d ur in g  success ive  oes trous  cyc les  in a southern  w h i te  rh in o cero s  

(an imal  5 ) .  There was no be hav io ura l  da ta  to  accompany these

hormonal p r o f i l e s .
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r e s p e c t i v e l y .  Maximum l e v e ls  o f  20a-DHP ( 7 0 - 9 0  ng/mgCr) dur ing  the  

p o s t - o e s t r u s  p e r io d ,  were s i m i l a r  to  those in the no r th ern  w h i te  

rh i noceroses .

The c y c l i c  p a t t e r n  o f  o e s t r a d i o I -1 7 0  e x c r e t i o n  in t h i s  animal  

f u r t h e r  suggests t h a t  i t  was undergoing oestrous cycl es a t  the t ime  

o f  sample c o l l e c t i o n .  Al though t h e re  was no outward signs o f  

o e s t ru s ,  peaks in o e s t r a d i o I - 170 e x c r e t i o n  were c l e a r l y  seen on 

days 16 and 48.  Peak l e v e l s  o f  o e s t r a d i o I -17 0  ( 6 - 8  ng/mgCr) which

were s i m i l a r  to those seen d ur ing  o es t ru s  in the n o r th e rn  w h i te  

r h in o c e ro s ,  a ls o  occur red a t  a t ime o f  low 20a-DHP e x c r e t i o n ,  and 

l e v e ls  began to f a l l  a t  the t ime o f  in c re a s in g  20a-DHP e x c r e t i o n .  

As the re  was no o es t ru s  an d /o r  mat ing in t h i s  a n im a l ,  the i n t e r 

o es t ru s  i n t e r v a l  cannot be e s t im a te d .  However,  ̂ the d is tan ce

between peaks in o e s t r a d i o I -1 70  e x c r e t io n  in the southern w h it e  

rh in o ce ro s  was 31 days.

P r o f i l e s  shown in F igs  5 . 1 - 5 . 5  i n d i c a t e  c y c l i c  o v ar ia n  

f u n c t i o n .  Accurate d e s c r i p t i o n  o f  " f o l l i c u l a r "  and " l u t e a l "  phase 

components o f  the cy c le  is not p o s s ib le  w i t h o u t  knowledge o f  the  

t ime o f  o v u l a t i o n .  However, in order  to  a t te m p t  some p a r t i t i o n i n g  

between the two phases o f  the c y c le ,  the f o l l o w i n g  c r i t e r i a  have 

been used. The onset  o f  the l u t e a l  phase was c o - i n c i d e n t  w i t h  the  

f i r s t  r i s e  in 20a-DHP l e v e ls  above 10 ng/mgCr (an im a ls  2 and 5)  and 

35 ng/mgCr f o r  animal 3,  a f t e r  a t  l e a s t  8 days below t h i s  l e v e l .  On 

t h i s  bas is  the mean f o l l i c u l a r  and lu t e a l  l e v e ls  o f  20o-DHP and 

peak l e v e l s  o f  o e s t r a d i o I - 170 in the w h i t e  rh in oc ero s  a re  summarised 

in Tab le  5 . 1 .  From these da ta  the d i f f e r e n c e  between l e v e l s  o f  

u r i n a r y  20a-DHP between the f o l l i c u l a r  and l u t e a l  phase can be 

c l e a r l y  seen in a l l  th re e  an im a ls .  I t  is not  p o s s ib le  to  c a l c u l a t e  

average  l e v e ls  o f  20a-DHP d ur in g  each p e r io d  f o r  the w h i te  

r h in o ceros  as the r e s u l t s  would not be meaningful  because o f  the  

l a rge  d i f f e r e n c e  between animal  3 and the o th e r  animals  

i n v e s t i g a t e d .  In an imals 2 and 5,  the average f o l l i c u l a r  phase 

va lu es  o f  20a-DHP appear to be below 5 ng/mg C r , w h i l s t  mean lu te a l
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Table  5 . 1 .  Meanisem u r i n a r y  20cx-DHP Cng/mgCr) in samples c o l l e c t e d  

during  the presumed f o l l i c u l a r  and l u t e a l  phase o f  the o v a r ia n  

c y c le ,  and meanisem peak l e v e l s  o f  o e s t ra d  i o I -17 3  in the w h i te  

rh in o cero s  ( n=3 ) .

an ima1 20a-DHP (ng/mgCr) peak 

e s t r a d  i o 1-173 

(ng /mgCr)f o 11i c u 1ar

<

1u t e a 1

mean

isem

range mean

isem

range

21 4 - 3 8 i 0 - 4 6 0 - 0 - 9 - 0 2 9 - 3 0 i 3 .11 11-0-83-C 7 • 2 0 i 0 -  14

31 25 -07+1*30 1 8 - 0 - 2 5 - 0 5 8 - 7 9 i 3 - 6 9 3 5 - 0 - 9 0 - 0 7 - 5 0 i 0 - 14

52 4 -6 0 + 0 -5 6 0 - 0 - 9 - 0 3 8 - 8 7 i 5 - 8 6 1 2 - 0 - 8 9 - 0 7 - 0 0 i 0 -  14

1 n o r th e rn  w h i te  rh in o cero s

2 southern w h i t e  rh in o cero s
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Tab le  5 . 2 .  Meanisem c y c le  length  (d a ys )  in the  w h i t e  rh in o ce ro s  

(n=3 )  as determined by i n t e r - o e s t r u s  i n t e r v a l ,  20a-DHP and peak 

o e s t r a d i o l - l 7 P  (E2~ I7B )  e x c r e t i o n .

subspeci  es animal cycl e length  (days )

i n t e r - o e s t r u s  

i n t e r v a l

f i r s t  r i s e  

in 20<x-DHP

peak

E2- I7 B

nor thern  

wh i te 2 24 25 23

23

3 29 33 24

southern  

wh i te 5 - 31 31

meanisem 26 -5 + 1 * 8 29 - 7 + 2 - 0 2 5 - 2 i 1-7
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l e v e l s  were a p p ro x im a te ly  30 ng/mgCr. Peak l e v e l s  o f  o e s t r a d i o l - 1 7 3  

w ere  s i m i l a r  (a p p r o x im a te ly  7 ng/mgCr) in a l l  t h re e  an im a ls .

Tab le  5 . 2  shows the mean cy c le  length  as determined by i n t e r 

o es t ru s  i n t e r v a l ,  20a-DHP l e v e l s  and peak o e s t ra d  i o I - 173 e x c r e t io n  

in the w h i te  rh in o c e r o s .  From the l i m i t e d  da ta  a v a i l a b l e  f o r  t h i s  

sp e c ie s ,  the mean c y c le  length was c a l c u l a t e d  as 27*14  days from 

means o f  cy c le  length as determined by i n t e r - o e s t r u s  i n t e r v a l ,  20oc- 

DHP and o e s t r a d i o I -17 3  e x c r e t i o n .

5 . 3 . 1 . 2  U r i n a r y  s t e r o i d  e x c r e t i o n  dur in g  the o v a r ia n  cy c le  in the  

b lac k  rh in o c e r o s .

The p a t t e r n  o f  20a-DHP e x c r e t i o n  over a 60 day p e r io d  in a 

j u v e n i l e  female  b la c k  rh in oc ero s  re v e a le d  low ( l e s s  than 0*5  

ng/mgCr) and m ain ly  u n d e te c ta b le  l e v e l s  in a l l  samples ana ly sed .  

The p r o f i l e  o f  e x c r e t i o n  is t h e r e f o r e  not  shown.

Matched p r o f i l e s  o f  20a-DHP, PdG and progestero ne  e x c r e t i o n  

throughout success ive oes trous  c yc les  in an a d u l t  female  b lac k  

rh in o cero s  (animal  6 )  a re  shown in F i g .  5 . 6 .  The occurrence o f  two 

matings and a p e r io d  o f  observed oestrous behav iour  a re  in d ic a t e d  by 

arrows.  As in the w h i t e  r h in o c e ro s ,  l e v e ls  o f  u r i n a r y  progesterone  

were low, v a r i a b l e  and showed no changes which corresponded to  the  

t imes o f  observed sexual  a c t i v i t y .  L e v e ls  o f  u r i n a r y  PdG 

im m unoreac t iv i ty  were g e n e r a l l y  lower than in the w h i t e  rh in o c e r o s ,  

w i t h  many samples below the s e n s i t i v i t y  o f  the assay .  Some peaks 

o f  PdG e x c r e t i o n  were seen,  eg.  on days 14 and 38,  but  o v e r a l l  

th e re  was no c y c l i c  p a t t e r n  o f  e x c r e t i o n .

In c o n t r a s t ,  the l e v e l s  o f  u r i n a r y  20a-DHP ( F i g .  5 . 6 a )  showed 

a c y c l i c  p a t t e r n  o f  e x c r e t i o n  w i t h  marked and very  ra p i d  increases  

o c c u r r in g  immediately f o l l o w i n g  o e s t ru s  an d /o r  m at in g .  The f i g u r e  

demonstrates t h a t  l e v e l s  o f  20a-DHP e x c r e t i o n  during  the p r e 

o e s t ru s  p e r io d  a re  ex t rem e ly  low ( l e s s  than 1 ng/mgCr) and o f t e n  

below the assay s e n s i t i v i t y .  The p e r io d  o f  low 20a-DHP e x c r e t i o n
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F ig u re  5 . 6 .  P a t t e r n  o f  e x c r e t i o n  o f  20a-DHP ( a ) ,  PdG ( b )  and

progesterone ( c )  d ur in g  success ive oestrous  c yc les  in a b la c k  

rh in ocero s  (animal  6 ) .  The arrows i n d i c a t e  the t ime o f  observed  

oestrus  ( 0 )  or  mat ing (M ) .
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( l e s s  than 1 ng/mgCr) was s h o r t ,  in t h i s  case less than 7 days 

p r i o r  to mat ing .  Maximum va lu es  o f  20<x-DHP d u r in g  the presumed 

l u t e a l  phase were between 6 and 8 *5  ng/mg C r , much lower than in the  

w h i te  rh in o c e r o s .  U r in a r y  20a-DHP remained e le v a t e d  f o r  a p o s t 

o e s t ru s  p e r io d  o f  a t  l e a s t  17 days.

P r o f i l e s  o f  oes trone  con ju g a te s ,  oes trone  and o e s t r a d i o l - 1 7 3  

e x c r e t i o n  over the 60 day sample c o l l e c t i o n  p e r io d  a re  shown in F i g ,  

5 . 7 .  Leve ls  o f  oes trone  conjugates  were g e n e r a l l y  low ( 0 - 5  ng/mgCr)  

w i t h  e l e v a t i o n s  up to  20 ng/mgCr around the t ime o f  observed  

mating and /o r  o e s t r u s .  However, a l though  increased l e v e l s  o f  

oestro ne  co njugates  were observed a t  the t ime o f  mat ing an d /o r  

o e s t r u s ,  f l u c t u a t i o n s  were not e x c l u s i v e l y  a s s o c ia te d  w i t h  these  

pe r io d s  o f  sexual  a c t i v i t y .  The p a t t e r n  o f  e x c r e t i o n  o f  oestrone  

conjugates  was not r e l i a b l e  enough to  p ro v id e  a good i n d i c a t i o n  o f  

the t ime o f  presumed o v u l a t i o n  in t h i s  sp e c ie s .  However, l e v e l s  o f  

u r i n a r y  oestrone  a f t e r  h y d r o l y s i s  ( F i g .  5 . 7 . b )  showed a c l e a r  

c y c l i c a l  p a t t e r n ,  w i t h  the h ig h es t  va lu es  o c c u r r in g  on the  day 

preceeding or the day a f t e r  oes trus  or  mat in g .  These peaks ( 5 . 5 - 7 . 8  

ng/mgCr) were a ls o  c o - i n c i d e n t  w i t h  the t ime o f  peak l e v e l s  o f  

o estro ne  co njugate e x c r e t i o n .  A t h i r d  p e r io d  o f  observed mating is  

in d ic a t e d  dur ing  the sample c o l l e c t i o n  p e r io d  a l though  t h e r e  is  no 

peak o f  oes tro ne  e x c r e t i o n  to accompany t h i s .

In c o n t r a s t  to  the p a t t e r n  o f  oestro ne  e x c r e t i o n ,  the p r o f i l e  

o f  u r i n a r y  o e s t r a d i o I - 173 showed no e l e v a t i o n  from b a s e l i n e  l e v e l s  

( l e s s  than 2 ng/mgCr) .

F ig u re  5 . 8  shows the matched p r o f i l e s  o f  20a-DHP and oes trone  

e x c r e t i o n  in t h i s  b la c k  rh in o c ero s  (animal  6 ) .  In both cy c les  

shown, l e v e ls  o f  oes trone  r i s e  to  peak va lu e s  a t  the t ime o f  low 

l e v e l s  o f  20o-DHP e x c r e t i o n ,  and f a l l  r a p i d l y  to  reach a n a d i r  a t  

the t ime o f  maximum e x c r e t i o n  o f  20ot-DHP. The in te i—oes t ru s  

i n t e r v a l s  in t h i s  animal  were 25 and 26 days r e s p e c t i v e l y ,  and the  

t ime between peaks in o es t rone  e x c r e t io n  was 24 days.
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F ig u re  5 . 7 .  P a t t e r n  o f  e x c r e t i o n  o f  oes t rone  conju gates  ( a ) ,  

oestrone  (b )  and o e s t r a d i o I - 17f} ( c )  d ur in g  success ive oes trous

c yc les  in a b lack  rh in o cero s  (an imal  6 ) .  The arrows in d i c a t e  the  

t ime o f  observed o e s t ru s  ( 0 )  or mat ing (M) .
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F ig u r e  5 . 8 .  P a t t e r n  o f  e x c r e t i o n  o f  20a-DHP and oes trone  d ur in g  

success ive oestrous  cy c les  in a b la c k  rh ino c eros  (animal  6 ) .  The 

p r o f i l e s  a re  compiled from F i g .  5 . 6 a  and 5 .7 b .
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F ig u re  5 . 9  shows the p a t t e r n  o f  e x c r e t i o n  o f  20a-DHP and 

oestrone  during  a sample c o l l e c t i o n  p e r io d  in which mat ing  was 

observed 3 t imes (animal  8 ) .  U r in a r y  20a-DHP e x c r e t io n  showed a 

s i m i l a r  c y c l i c  p a t t e r n  to  t h a t  o f  animal 6 ,  w i t h  low l e v e l s  o f  20 a -  

DHP f o r  a t  l e a s t  3 days preceedin g  m at ing .  The p e r io d  o f  sexual  

a c t i v i t y  was f o l lo w e d  by a very ra p i d  r i s e  in 20a-DHP reach ing  

maximum l e v e ls  w i t h i n  7 days.  P r e - o e s t r u s  l e v e l s  o f  20a-DHP were 

s i m i l a r  to  those o f  animal  6 ,  i e .  below 2 ng/mgCr and o f t e n  

u n d e t e c t a b le ,  a l though  u r i n a r y  c o n c e n t r a t io n s  o f  20a-DHP were 

g e n e r a l l y  h igher  ( 9 - 1 5  ng/mgCr) and less v a r i a b l e .

The p a t t e r n  o f  oes trone  e x c r e t i o n  in t h i s  female  was c l e a r e r  

than t h a t  in animal  6 ,  w i t h  peak l e v e l s  o f  oes trone  ( 6 - 8  ng/mgCr)  

being observed on the day o f  mat ing in both cases. In ter -oes tr«»us  

i n t e r v a l s  f o r  t h i s  animal  were 20 and 16 days,  the l a t t e r  o f  which  

was a ls o  the cy c le  length as determined by oestrone  e x c r e t i o n .  

C onsid ering  the p a t t e r n  o f  20a^DHP e x c r e t i o n ,  the c y c le  length  was 

17 days,  c o n s id e ra b ly  s h o r t e r  than t h a t  observed in animal 6 .

Matched u r i n a r y  20a-DHP and oestrone  p r o f i l e s  throughout  3 

cy c le s  in another  b la c k  r h in o ce ro s  (animal  9 )  a re  shown in F ig u re  

5 . 1 0 .  Concept ion occurred  f o l l o w i n g  the mat ing on day 33.  S i m i l a r  

r e s u l t s  were ob ta in ed  f o r  the p a t t e r n  o f  20a-DHP e x c r e t i o n  in t h i s  

animal as those p r e v i o u s l y  recorded.  Due to  in f re q u e n t  sample 

c o l l e c t i o n ,  on ly  one peak o f  oes trone  is shown, which occurred on the  

day o f  mat ing  from which concept ion r e s u l t e d .  The i n t e r - o e s t r u s  

i n t e r v a l  was 15 days.

The p r o f i l e  o f  e x c r e t i o n  o f  20a-DHP and oestro ne  in a f o u r t h  

animal (animal  8 )  over  a 60 day p e r io d ,  where mating was observed  

on two occas ions,  is  shown in F ig u re  5 . 1 1 .  U r i n a r y  20a-DHP l e v e ls  

in t h i s  animal were g e n e r a l l y  h ig her  (peak l e v e l s  o f  over 20 

ng/mgCr) than those observed p r e v i o u s l y ,  a l t hough  a c l e a r  c y c l i c  

p a t t e r n  in r e l a t i o n  to mat ing and oestrone  e x c r e t i o n  was s t i l l  

e v i d e n t .  Peaks o f  oes tr one  e x c r e t i o n  ( 5 - 6  ng/mgCr) were s i m i l a r  to 

those observed in o th e r  female b la c k  rh in o cero ses  and occurred on the
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F ig u r e  5 . 9 .  P a t t e r n  o f  e x c r e t i o n  o f  20oc-DHP and oes trone  d ur ing  

success ive oestrous  cyc les  in a b la c k  rh in o ce ro s  (animal  8 ) .  The 

arrows i n d i c a t e  the t ime o f  observed mat ing (M ) .
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F ig u r e  5 . 1 0 .  P a t t e r n  o f  e x c r e t i o n  o f  20<x-DHP and oes trone  d ur in g  

success ive oestrous  cy c le s  in a b la c k  rh in o ce ro s  (animal  9 ) .  The 

arrows in d i c a t e  the t ime o f  observed o es t ru s  ( 0 )  and mat ing  (M ).  

The p e r io d  o f  o es t ru s  in d ic a t e d  on the f i g u r e  r e s u l t e d  in concept ion  

(M+C).
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F ig u re  5 . 1 1 .  P a t t e r n  o f  e x c r e t i o n  o f  20or-DHP and oestrone  d ur in g  

success ive oestrous  c yc les  in a b la c k  rh in o ce ro s  (animal  7 ) .  The 

arrows in d i c a t e  the t ime o f  observed mating (M ) .
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day o f  mat ing in both cases. The i n t e r - o e s t r u s  i n t e r v a l  and t ime  

between peaks o f  oes trone  e x c r e t i o n  were a constant  28 days.

In the b la ck  rh in o c e r o s ,  the c r i t e r i a  used to  dete rm in e  the  

onset  o f  the lu t e a l  phase was the f i r s t  r i s e  in 20a-DHP l e v e ls  

above 1 ng/mgCr , a f t e r  a t  l e a s t  3 days below t h i s  l e v e l .  On t h i s  

b as is  the mean presumed f o l l i c u l a r  and lu t e a l  l e v e l s  o f  20o-DHP and 

peak l e v e ls  o f  oestrone  in the b la c k  r h in o ce ro s  a re  summarised in 

Tab le  5 . 3 .  Once aga in  the d i f f e r e n c e  between l e v e l s  o f  u r i n a r y  20a -  

DHP between the f o l l i c u l a r  and lu t e a l  phase can c l e a r l y  be seen in 

a l l  four  a n im a ls .  Mean f o l l i c u l a r  l e v e l s  o f  20a-DHP were 0*23  

ng/mgCr and l u t e a l  l e v e l s  were 7 *64  ng/mgCr. Peak l e v e l s  o f

oes trone were s i m i l a r  in a l l  an im als  (mean ± sem, 6 *44 +0 *35  ng/mgCr,  

c o f  v = 10 *8 X ) .  Tab le  5 . 4  shows the mean c y c le  len gth  as

determined by i n t e r - o e s t r u s  i n t e r v a l ,  20a-DHP le v e l s  and peak 

oest rone  e x c r e t i o n  in the b lack  rh in o c e r o s .  The mean c yc le  length  

was c a l c u l a t e d  as 22*51 days from i n t e r - o e s t r u s  i n t e r v a l ,  20a-DHP 

and oestrone e x c r e t i o n .

F ig u re  5 .1 2  shows the mean+sem u r i n a r y  20a-DHP and oes trone  

c o n c e n t ra t io n s  from 144 u r i n e  samples taken from a t o t a l  o f  9  cyc les  

in 4 female b la c k  rh in o c e ro s e s .  I n d i v i d u a l  c yc les  were a l i g n e d  a t  

Day 0,  corresponding to  the day o f  observed o es t ru s  a nd /o r  m at ing ,  

and combined to  produce composite u r i n a r y  20a-DHP and oes trone  

p r o f i l e s  f o r  t h i s  s p e c ie s .  Mean l e v e l s  o f  20a-DHP f e l l  3 days 

b e fo re  o es t ru s  and increased markedy 1 day a f t e r  o e s t r u s .  Using a 

va lu e  o f  1 ng/mgCr to  d i s t i n g u i s h  between f o l l i c u l a r  and lu t e a l  

phases, the composite p r o f i l e  in d ic a t e d  a f o l l i c u l a r  phase length  o f  

3 - 4  days and a l u t e a l  phase o f  ap p ro x im a te ly  17 days.  Thus the  

o v e r a l l  c y c le  length  was 21 -2 2  days. Mean oes trone  l e v e l s  rose  

above b a s e l i n e  (1 ng/mgCr) ,  5 days p r i o r  to  o e s t r u s .  Maximum l e v e l s  

were a t t a i n e d  on the day o f  o e s t r u s ,  and f e l l  to  basal  va lu es  

ap p ro x im ate ly  5 days l a t e r .
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T a b le  5 . 3 .  Meanisem u r i n a r y  20a-DHP (ng/mgCr)  in samples

c o l l e c t e d  d ur in g  the presumed f o l l i c u l a r  and lu t e a l  phase o f  the  

o v a r ia n  c y c le s ,  and measn±sem peak l e v e l s  o f  o es t ron e  in the  b la c k  

rh in o ce ro s  ( / f 3 ) .

an imal 20a-DHP ( ng/mgCr) peak

oest rone

(ng/mgCr)f o l 1i c u l a r 1u t e a l

mean

isem

range mean

isem

range

6 0 - 0 9 + 0 - 0 6 0 - 0 - 8 4 - 5 3 i 0 - 3 7 1 - 2 - 8 - 2 6 - 6 5 i 0 - 8 1

8 0 -1 6 + 0 -1 0 0-1 -0 8 - 3 1 i 0 - 69 1 - 2 - 1 5 - 0 6 - 8 8 i 0 - 4 4

9 0 - 3 0 + - 0 - 12 0 - 0 - 6 6 - 6 6 i 0 - 72 2 - 0 - 1 6 - 2 7 -00

7 0 - 3 7 + 0 -0 5 0 - 0 - 5 11- 0 7 i 1-09 4 - 0 - 2 9 - 7 5 - 2 5 i 0 - 11

meanisem 0 - 2 3 + 0 -0 5 7 - 6 4 i 3 - 8 2 6 - 4 4 i 0 - 3 5
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Table  5 . 4 .  Meanisem c y c l e  length  in th e  b la c k  rh in o c e ro s  as

determined by i n t e r - o e s t r u s  i n t e r v a l ,  f i r s t  r i s e  in 20o-DHP le v e l s  

above those du r in g  the  f o l l i c u l a r  phase and peak oes t rone  e x c r e t i o n .

an ima 1 c y c le  length  (d ays )

i n t e r - o e s t r u s  

i n t e r v a l

f i r s t  r i s e  

in 20ot-DHP

peak

E2-170

6 25 24 24

26 31

20 17 16
8

16

9 15 15 -

7 -v 28 29 28

meanisem 2 1 * 6 7 i 2 * 0 4 2 3 * 2 i 2 * 8 3 2 2 * 6 7 i 2 * 8 8
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F ig u re  5 . 1 2 .  Meanisem u r i n a r y  20a-DHP ( a )  and oes trone  ( b )  

c o n c e n t ra t io n s  from 144 u r i n e  samples taken from a t o t a l  o f  9 

cyc le s  in 4 b lac k  r h in o c ero ses .  I n d i v i d u a l  c y c le s  were s tan d a r d iz e d  

a t  Day 0 ,  cor responding  to  the day o f  observed behav io ura l  oestrt fus  

an d /o r  m at ing ,  and combined to  produce composite u r i n a r y  p r o f i l e s  o f  

20<x-DHP and oestrone  f o r  the o v a r ia n  c y c le  in the b la c k  rh in o c e ro s .  

Each p o in t  is meanisem o f  in d i v i d u a l  va lu es  ob ta in ed  f o r  a 

p a r t i c u l a r  day ( n = 6 - 9 ) .
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5 .3 .2  Measurement o f u r in a ry  s te ro id s  during pregnancy in  

rhinoceroses

L eve ls  o f  PdG immunoreact i v i ty  d u r in g  the  l a s t  6 months o f  

pregnancy in the In d i a n ,  b la c k  and w h i t e  rh in o ce ro se s  a r e  shown in 

Fig u re  5 . 1 3 .  A l l  t h re e  p r o f i l e s  show increased PdG im m unoreac t iv i ty  

as so c ia te d  w i t h  pregnancy and a r a p id  f a l l  in l e v e l s  a t  the end o f  

the g e s t a t i o n  p e r i o d .  Al though PdG im m unoreac t iv i t y  was e l e v a t e d  in 

a l l  t h re e  sp e c ie s ,  the a b s o lu te  va lu es  f o r  PdG im m unoreact iv i ty  

v a r i e d  co n s id e r a b ly  between the s p e c ie s .  W h i l s t  l e v e l s  o f  PdG were 

c o n s i s t e n t l y  above 4 pg/mgCr in the In d ian  rh in o ce ro s  over the la s t  

6 months o f  g e s t a t i o n ,  l e v e ls  in the b la ck  rh ino c ero s  and w h i te  

rh in oceros  were 10 f o l d  lower,  being between 0 *2  and 0 * 6  pg/mgCr.

During the course o f  t h i s  s tudy ,  immunoreact ive PdG was 

measured in mid to  l a t e  pregnancy u r in e  o f  4 b la c k  rh in o cero ses  

dur ing 6 p reg n anc ies .  F ig u re  5 * 14a shows meanisem va lu es  from 232 

u r in e  samples over the la s t  11 months o f  pregnancy.  Each p o in t  

re p re sen ts  the mean va lu es  f o r  samples c o l l e c t e d  du r ing  each week 

p r i o r  to  b i r t h .  A c l e a r  e l e v a t i o n  o f  PdG immunoreact i v i t y  was

seen throughout the 11 months o f  g e s t a t i o n  as compared w i t h  the  

average PdG im m u n o reac t iv i ty  measurable f o l l o w i n g  p a r t u r i t i o n .  Mean 

PdG im m u n o react iv i ty  remained above 100 ng/mgCr throughout the  

second and t h i r d  t r i m e s t e r  o f  pregnancy,  but  f e l l  r a p i d l y  from 475 

ng/mgCr on the day p r i o r  to  b i r t h  to  10 ng/mgCr on the day a f t e r  

p a r t u r i t i o n .  U r in a r y  c o n c e n t ra t io n s  o f  PdG im m u n o reac t iv i ty  then  

remained low.

However, F i g .  5 .14 b  shows the u r i n a r y  PdG im m unoreac t iv i t y  

from each o f  6  pregnancies  in 4 b la c k  rh in o c e ro s e s ,  f rom which the  

composite p r o f i l e  was o b ta in e d  and p l o t t e d  in res p ec t  to  the day o f  

p a r t u r i t i o n .  Al though each animal e x c r e te d  c o n s i s t e n t l y  h igher  

amounts o f  PdG throughout the l a s t  11 months o f  g e s t a t i o n  than  

dur ing the o v a r ia n  c y c l e ,  a wide range o f  v a lu es  were o b ta in e d  f o r  

in d iv id u a l  an imals and between u r in e  samples c o l l e c t e d  from a s i n g l e  

an im a I .
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F ig ure  5 . 1 3 .  PdG immunoreact i v i ty  d ur ing  the l a s t  6  months o f

pregnancy in an In d ian  ( a ) ,  b lac k  ( b )  and southern  w h i t e  Cc) 

rh in o c ero s .  A l l  pregnancies  were f u l l  term.
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Figure  5 .1 4 a .  Meanisem u r i n a r y  PdG im m unoreact iv i t y  f rom 232 u r in e  

samples taken from a t o t a l  o f  6 pre gnac ie s  in 4 b la c k  r h in o c e ro s e s .  

In d iv id u a l  pregnancies  were s t a n d a r d iz e d  a t  Day 0 t corresponding to  

the day o f  p a r t u r i t i o n ,  and combined to  produce a composite p r o f i l e  

of PdG e x c r e t io n  dur ing  the l a s t  11 months o f  pregnancy in the b la ck  

rh in o cero s .  Each p o in t  is meanisem o f  in d iv i d u a l  va lues  ob ta ined  

f o r  a p a r t i c u l a r  week p r i o r  to  b i r t h  < n = 3 - 6 ) .

F igure  5 .1 4 b .  U r in a r y  PdG im m unoreact iv i ty  va lues  from 6

pregnancies in 4 b la c k  r h in o ce ro se s ,  a l ig n e d  to the day o f  

p a r t u r i t i o n  (Day 0 ) .
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The p a t t e r n s  o f  20o-DHP and PdG e x c r e t i o n  throughout a 

complete pregnancy in a n o r th e rn  w h i t e  rh in o ceros  (animal  3 )  a re  

shown in F i g . 5 . 1 5 .  T h is  animal was presumed to  have concieved in 

March 1988 when the la s t  p o s i t i v e  mat ing  was observed.  Thus the  

length o f  g e s t a t i o n  f o r  t h i s  animal  was determined to  be 482 days 

( a p p ro x im a te ly  16 months) .  Thus 1 month a f t e r  concept ion 20<x-DHP 

l e v e ls  were s i m i l a r  to  peak lu t e a l  phase va lues  ( i e .  90 ng/mgCr) and 

then f e l l  to below 20 ng/mgCr f o r  a p e r io d  o f  3 weeks. A f t e r  t h i s  

p e r io d ,  20o-DHP le v e l s  remained e l e v a t e d  a l though  v a r i a b l e  and rose  

s t e a d i l y  to  reach l e v e l s  o f  0 *1 8  pg/mgCr a t  mid-pregnancy .  Samples 

were not  c o l l e c t e d  d ur in g  the p e r io d  October 1 9 8 8 -A p r i l  1989 by 

which t ime l e v e l s  had f a l l e n .  Leve ls  o f  20a-DHP rose once more to  

reach 0*17  pg/mgCr a week p r i o r  to  b i r t h ,  and f e l l  to less than 20 

ng/mgCr a t  the t ime o f  p a r t u r i t i o n .  T h e r e a f t e r  l e v e l s  remained  

w i t h i n  the f o l l i c u l a r  phase range f o r  t h i s  a n im a l .

Low le v e l s  o f  PdG immunoreact i v i t y  were measurgable in the  

u r in e  a t  2 months a f t e r  concept ion and increased s t e a d i l y  throughout  

g e s t a t i o n  to reach maximal l e v e l s  o f  1*2 pg/mgCr 2 months p r i o r  to  

b i r t h .  A f t e r  reach in g  t h i s  peak, l e v e l s  o f  PdG im m unoreac t iv i ty  

f e l l  to  around 0 *4  pg/mgCr where they remained u n t i l  p a r t u r i t i o n ,  

when the  c h a r a c t e r i s t i c  p r e c i p i t o u s  f a l l  in l e v e l s  was seen.

The e x c r e t i o n  o f  oest rogens d u r in g  pregnancy was a ls o  

i n v e s t i g a t e d ,  and the p r o f i l e s  o f  o e s t r a d io l -1 7 (J  and oestrone  

e x c r e t i o n  a re  shown in F ig .  5 . 1 6 .  Leve ls  o f  both oes trogens were  

low throughout pregnancy ( l e s s  than 40 ng/mgCr) a l though  some 

a p p a r e n t ly  pregnancy s p e c i f i c  changes were observed.  0 e s t r a d i o l - 1 7 &  

remained the most abundant u r i n a r y  oes trogen  throughout the f i r s t  

and second t r i m e s t e r s  o f  g e s t a t i o n ,  w i t h  l e v e l s  c o n s i s t e n t l y  

e le v a t e d  above b a s e l in e  va lu es  seen in the  lu t e a l  phase o f  the  

o va r ian  cy c le  (a p p ro x im a te ly  2 ng/mgCr) .  Leve ls  o f  u r i n a r y  

o e s t r a d i o l - 1 7 &  increased throughout g e s t a t i o n ,  a l though  t h e r e  was 

much v a r i a t i o n  between in d iv id u a l  samples,  to  reach a maximum o f  34 

ng/mgCr 2 months p r i o r  to  b i r t h .  L eve ls  o f  o e s t r a d i o I - 1 7fS then f e l l  

and remained low (around 4 ng/mgCr) u n t i l  b i r t h  which was fo l lo w e d
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F ig u re  5 . 1 5 .  P r o f i l e s  o f  20a-DHP (■" ") and PdG ( -

e x c r e t i o n  throughout a complete pregnancy in a nor thern  

r h in o c e ro s .
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F ig u r e  5 . 1 6 .  P r o f i l e s  o f  o e s t r a d i o l - 1 7 f i  ( - - - - )  and oestrone  

0"" ■ >4 e x c r e t i o n  throughout a complete pregnancy in a n o r th ern

w h i te  rh in o c e ro s .
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by a p er io d  o f  e le v a t e d  o e s t r a d i o I - 1 7& which las ted  f o r  a t  l e a s t  2 

weeks post  par  turn.

Apart  from two samples t h a t  conta in ed  high l e v e l s  o f  oestrone  

im m u n o re a c t iv i ty , values remained below 4 ng/mgCr f o r  a t  l e a s t  the  

f i r s t  7 months o f  g e s t a t i o n .  However, a r a p id  increase  in u r i n a r y  

oestrone was seen 2 months p r i o r  to  b i r t h ,  a lmost  c o - i n c i d e n t  w i t h  

the increased o e s t r a d i o I -173  e x c r e t i o n ,  to  reach l e v e l s  g r e a t e r  than  

12 ng/mgCr. Oestrone l e v e l s  f e l l  to  u n d e t e c t a b le  va lues  6 days 

p r i o r  to  p a r t u r i t i o n  and remained so throughout the post  partum  

per i o d .

S i m i l a r  p r o f i l e s  o f  p rogestero ne  m e t a b o l i t e  and oest rogen  

e x c r e t io n  throughout pregnancy in the b la c k  rh in o ce ro s  (animal  9 )  

are  shown in Figs 5 .1 7  and 5 . 1 8 .  U r in e  samples were c o l l e c t e d  

throughout the concept ion cy c le  in t h i s  animal and u r i n a r y  s t e r o i d  

l e v e ls  during t h i s  p e r io d  a re  shown on the graphs.  The g e s t a t i o n  

length o f  t h i s  animal could thus be a c c u r a t e l y  determined  as 494  

days. In c o n t ras t  to the n o r th e rn  w h i t e  rh in o c e ro s ,  l e v e l s  o f  

u r i n a r y  20a-DHP f e l l  to below 1 ng/mgCr f o l l o w i n g  concept ion ( i e .  

f o l l i c u l a r  phase l e v e l s )  and remained low throughout the f i r s t  10 

months o f  g e s t a t i o n .  L eve ls  o f  u r i n a r y  20o-DHP then rose g r a d u a l l y  

to  reach maximum le v e ls  o f  4 ng/mgCr a month p r i o r  to  b i r t h ,  b e fo r e  

f a l l i n g  to u n detec tab le  a week p r i o r  to  p a r t u r i t i o n .

The p r o f i l e  o f  PdG e x c r e t i o n  throughout g e s t a t i o n  is a l s o  

shown in F ig .  5 . 1 7 .  W i t h in  3 months o f  concep t io n ,  l e v e l s  o f  

immunoreactive PdG were e l e v a t e d  ( 4 0 - 6 0  ng/mgCr)  above those seen 

dur in g  the ov ar ian  cyc le  in t h i s  animal  (maximum o f  5 - 7  ng/mgCr) .  

PdG im munoreact iv i ty  cont inued to  r i s e  s u b s t a n t i a l l y  throughout the  

g e s t a t i o n  p e r io d ,  reach ing  maximum c o n c e n t r a t io n s  o f  0 *1 8  pg/mgCr 2 

months p r i o r  to b i r t h .  In the remain ing two months, PdG l e v e l s  f e l l  

g r a d u a l l y  to be less than 5 ng/mgCr on the day o f  p a r t u r i t i o n .

The p r o f i l e  o f  oestrone  e x c r e t i o n  throughout pregnancy in the  

b lack  rh inoceros  is shown in F i g .  5 . 1 8 .  A peak o f  oes trone  was
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F ig u re  5 . 1 7 .  P r o f i l e s  o f  20a-DHP ( • — —— •) and PdG ( -  

throughout a concept ion c y c le  and complete pregnancy in 

rh i n oceros .

a b lack
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F ig u re  5 . 1 8 .  P r o f i l e  o f  oes trone  e x c r e t i o n  throughout a concept ion  

cyc le  and complete pregnancy in a b lack  rh in o c e r o s .



£4->k.
5

co
ao
oco
O

in

(JQ 6 u i/6 u ) GUOJJS0O

M
on

th
 

of 
ge

st
at

io
n



303

seen in the u r i n e  on the day o f  mat ing from which concept ion  

occurred .  Oestrone l e v e l s  then f e l l  below 2 *5  ng/mgCr where they  

remained f o r  the f i r s t  2 months o f  g e s t a t i o n .  Lev e ls  then rose,  

f o l l o w i n g  a s i m i l a r  p a t t e r n  to  t h a t  o f  PdG e x c r e t i o n ,  and reached  

maximum l e v e l s  o f  40 ng/mgCr 4 months p r i o r  to  b i r t h .  U r in a r y  

oestrone then f e l l  g r a d u a l l y  to become u n d e te c ta b le  a t  the t ime o f  

p a r t u r i t i o n .  The p r o f i l e  o f  o e s t r a d i o I - 1 7fJ e x c r e t i o n  is not  shown 

as i t  d id  not vary from the p a t t e r n  o b ta in e d  d ur in g  the o v a r ia n

cyc le  (see  F i g .  5 . 7 ) .

In both o f  these pregnant  an imals  i t  was a ls o  i n t e r e s t i n g  to  

i n v e s t i g a t e  the e x c r e t i o n  o f  o v a r ia n  s t e r o i d s  du r in g  the post  partum  

p e r io d .  W h i ls t  a l l  u r i n a r y  hormone c o n c e n t r a t io n s  in the nor th ern  

w hi te  rh in oc ero s  remained low or u n d e te c ta b le  f o r  a t  l e a s t  3 months 

a f t e r  b i r t h ,  the p a t t e r n  o f  e x c r e t i o n  o f  oes trone  and 20a-DHP in the  

black  r h in o ce ro s  suggested the presence o f  a post  partum  o e s t ru s  in

t h i s  sp e c ie s .  The l e v e l s  o f  20a-DHP and oes trone  in d a i l y  u r i n e

samples c o l l e c t e d  over a 33 day p e r io d  a f t e r  p a r t u r i t i o n  a re  

presented  in F ig .  5 . 1 9 ,  a l i g n e d  to  the day o f  b i r t h  (Day 0 ) .  

U r in a r y  20a-DHP remained u n d e te c ta b le  f o r  20 days post  par tum , when 

l e v e ls  rose r a p i d l y  to  reach maximum l e v e ls  o f  8 - 9  ng/mgCr w i t h i n  4 

days.  A f t e r  an e l e v a t e d  p e r io d  o f  20a-DHP e x c r e t i o n  which la s ted  

f o r  14 days,  l e v e l s  r e tu r n e d  to  below 1 ng/mgCr. L eve ls  o f  u r i n a r y  

oestrone a ls o  remained low a f t e r  p a r t u r i t i o n  u n t i l  an immediate 

increase to  5 ng/mgCr was seen on day 20 post  partum, the day p r i o r  

to an in crease  in 20a-DHP. However, no beh av io u ra l  o e s t ru s  was

observed a l though  the female was not  given  access to  a male.

5 . 4  DISCUSSION

T his  study d esc r ib e s  the  

s t e r o i d  hormone m e t a b o l i t e s  in 

species  o f  rh in o cero s  throughout

p a t t e r n  o f  e x c r e t i o n  o f  the major  

the u r i n e  o f  the  b la c k  and w h i te  

the o v a r ia n  c y c le  and pregnancy.
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F ig u re  5 . 1 9 .  P r o f i l e  o f  20a-DHP ( a )  and oes tr one  ( b )  throughout the  

post  partum  p e r io d  in a b la c k  rh in o c e r o s .
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The r e s u l t s  p resented  co n f i rm  t h a t  20a-DHP, and not  PdG, is  

the u r i n a r y  m e t a b o l i t e  o f  p rogesterone  t h a t  most a c c u r a t e l y  

r e f l e c t s  o v a r ia n  f u n c t io n  dur ing  the o es t rous  c y c le  in A f r i c a n  

rh in o cero s es .  PdG has been i n f o r m a t iv e  in m o n i to r in g  o v a r ia n  

f u n c t i o n  in the In d ia n  r h in o ce ro s  (Kasman e t  a l . ,  1986) and in many 

o ther  ungu la te  spec ies  in c lu d in g  the cow (F e h 6 r ,  Baksai and 

K a r a s z t i ,  1970) ,  p ig  (Schomberg, Jones,  Erb and Gomes, 1966) ,  okapi  

( L o s k u t o f f  e t  a / . ,  1982) ,  g i r a f f e  ( L o s k u t o f f  e t  a l . t 1986) ,  b la ck  

buck ( H o l t  e t  a I . ,  1988) ,  E l d ' s  deer ( M o n fo r t ,  Wemmer, K e p le r ,  Bush, 

Brown and W i l d t ,  1990) and oryx (Hodges and Hearn,  1983; L o s k u t o f f  

e t  a l . ,  1983) .  C ont ra ry  to the r e s u l t s  o f  Ramsay e t  a l .  ( 1 9 8 7 ) ,  PdG 

im munoreact iv i ty  was d e t e c t a b l e  du ring  the oestrous  c y c le  o f  the  

black  rh in o c e r o s .  However, l e v e l s  o f  u r i n a r y  immunoreact ive PdG 

were low (be low 30 ng/mgCr) throughout the o v a r ia n  c y c le  in both  

A f r i c a n  spec ies  o f  rh in o ce ro s  and the p r o f i l e  o f  e x c r e t i o n  showed no 

i n d i c a t i o n  o f  c y c l i c  o v a r ia n  a c t i v i t y .

The measurement o f  PdG im m unoreac t iv i t y  d ur in g  t h i s  study  

could p o s s ib ly  be a t t r i b u t e d  to the f a c t  t h a t  the PdG EIA is more 

s e n s i t i v e  t h a t  the RIA used by Ramsay e t  a l .  ( 1 9 8 7 ) .  A l t e r n a t i v e l y ,  

d i f f e r e n c e s  in s p e c i f i c i t y  between the PdG an t is e rum  used in t h i s  

study (Hodges and Green, 1989)  and Ramsay e t  a l .  ( 198 7 )  may account  

f o r  the measurement o f  PdG im m unoreac t iv i ty  as re p o r te d  here .  Our 

ant is erum  showed s i g n i f i c a n t  cross r e a c t i o n s  w i t h  5 0 - p r e g n a n e d i o l , 

20a-DHP and 5fJ-pregnanedione but  data  was not  a v a i l a b l e  f o r  the  

a n t i  serum used by Ramsay e t  a l .  ( 1 9 8 7 ) .

HPLC a n a l y s i s  o f  u r i n e  from the l u t e a l  phase in both b lac k  and 

w h i te  rh inoceroses  in d i c a t e d  t h a t  the PdG im munoreact iv i ty  

measurable dur in g  the o v a r ia n  c y c le  was due to  the presence o f  a 

substance in the u r i n e  the cross re a c te d  w i t h  the a n t i -P d G  serum 

used in the EIA (see chapter  4 ) .  The n a tu re  and o r i g i n  o f  the cross  

r e a c t i n g  component o f  u r in e  t h a t  leads to  the measurement o f  PdG 

im munoreact iv i ty  in A f r i c a n  rh in oceroses  du r in g  the o v a r ia n  cy c le  is 

not known. However, the substance is u n l i k e l y  to  be o f  o v a r ia n  

o r i g i n  as l e v e ls  were r e l a t i v e l y  constant  throughout the o v a r ia n
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cyc le  in both sp e c ie s .  The compound is more l i k e l y  to  be a 

u r i n a r y  s t e r o i d  m e t a b o l i t e  o f  adrenal  o r i g i n ,  perhaps one 

i d e n t i f i e d  by GC/MS (eg .  p r e g n a n e t e t r o I ) in the u r in e  o f  non

pregnant  A f r i c a n  rh in o cero ses .

In c o n t r a s t ,  l e v e ls  o f  20a-DHP in the u r i n e  showed a c y c l i c  

p a t t e r n  o f  e x c r e t i o n  in both spec ies  o f  r h in o c e ro s .  Low l e v e ls  o f  

u r in a r y  20<x-DHP were measured p r i o r  to m at ing ,  d ur ing  the presumed 

f o l l i c u l a r  phase, w i t h  e l e v a t e d  l e v e l s  dur ing  the post  oes t ru s  

p e r io d .  The e xcep t io n  was one female n o r th e rn  w h i t e  rh in o c e r o s ,  

(animal  2 ) ,  which showed high l e v e l s  o f  20a-DHP throughout the  

o var ia n  c y c l e .  However, c l e a r  increases in 20<x-DHP e x c r e t i o n  were 

seen to  f o l l o w  each p e r io d  o f  mat ing  in t h i s  a n im a l .  I t  is  o f  

i n t e r e s t  to note t h a t  t h i s  is the on ly  animal in which  

im m unoreact iv i ty  d id  not c o - e l u t e  w i t h  the  20a-DHP marker on HPLC, 

i n c i e a t i n g  t h a t  a cross r e a c t i n g  substance was present  in the u r in e  

during the f o l l i c u l a r  phase o f  the o v a r ia n  c y c le  (see  chap ter  4 ) .  

The n a tu re  o f  t h i s  substance was not de termined  a l though  i t  seems 

u n l i k e l y  t h a t  i t s  e x c r e t io n  is r e l a t e d  to  r e p r o d u c t iv e  d ys fu n c t io n  

as t h i s  female  subsequently conceived and m a in ta in ed  a normal 

pregnancy.

L e ve ls  o f  u r i n a r y  20a-DHP d i f f e r e d  between the b la c k  and w h i te  

species  w i t h  much h igher  l e v e l s  ( g e n e r a l l y  10 f o l d  h i g h e r )  being  

measured in the u r i n e  o f  the w h i te  rh in o c e r o s .  There was a ls o  some 

v a r i a t i o n  between l e v e l s  o f  20<x-DHP e xc re te d  du r in g  the post  o e s t ru s  

per io d  in an im als  o f  the same sp e c ie s ,  which made c r i t e r i a  f o r  

se p a ra t io n  o f  f o l l i c u l a r  and l u t e a l  phases o f  the cy c le  d i f f i c u l t  to  

e s t a b l i s h .  Fur therm ore ,  t h e r e  were wide d a i l y  f l u c t u a t i o n s  in 

hormone c o n c e n t ra t io n  in the same a n im a l ,  as a re  o f t e n  exper ienced  

when m o n i to r in g  o v a r ia n  f u n c t i o n  by u r i n a r y  hormone a n a l y s i s .  

L o s k u t o f f  et  a l f ( 199 0 )  r e p o r te d  d a i l y  f l u c t u a t i o n s  in l e v e l s  o f  

u r in a r y  PdG o f  0 * 4 - 0 * 7  pg/mgCr d ur in g  the l u t e a l  phase o f  a suni  

a n t e lo p e ,  w h i l s t  Walker  e t  a / . ,  ( 1 9 8 8 )  demonstrated t h a t  the

e x c r e t io n  o f  20a-DHP im m unoreac t iv i t y  could vary from 50 -150  

ng/mgCr dur ing  the l u t e a l  phase in a k i l l e r  whale .  These
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f l u c t u a t i o n s  may r e f l e c t  a l t e r a t i o n s  in s e c r e t i o n  o f  progestero ne  by 

the corpus luteum. However, they a r e  more l i k e l y  to  be due to  

changes in q u a l i t y  o f  the u r in e  sample, i e .  changes in the  

c o n c e n t r a t io n  o f  e l e c t r o l y t e s  and p o s s ib le  contam inat ion  w i t h  

bedding m a t e r i a l  or c le a n in g  f l u i d s  which can a f f e c t  hormone 

measurement in s e n s i t i v e  immunoassays. Al though a t tem p ts  were made 

to account f o r  changes in the water  content  o f  u r i n e  samples by 

indexing hormone c o n c e n t r a t io n s  to  the mass o f  c r e a t i n i n e  e x c r e t e d ,  

a low c r e a t i n i n e  content  can lead to  an a r t i f i c i a l l y  high hormone 

v a I u e .

In a d d i t i o n  to  the da i I y jf I u c tu a t  i ons and spec ies  d i f f e r e n c e s  

in l e v e ls  o f  u r i n a r y  20<x-DHP, the p a t t e r n  o f  e x c r e t i o n  d ur in g  the  

oestrous c y c le  a l s o  v a r i e d  c o n s id e ra b ly  between b lack  and w h i te  

rh in oc ero ses .  In the b lack  sp e c ie s ,  l e v e l s  o f  u r i n a r y  20a-DHP were 

low f o r  a s h or t  p e r io d  ( 3 - 4  d)  p r i o r  to  mating and rose very

r a p i d l y  a f t e r  o e s t r u s .  T h is  p a t t e r n  o f  e x c r e t i o n  suggests t h a t ,  as 

in the horse (Witherspoon,  1975) ,  corpus luteum fo rm at io n  r a p i d l y  

f o l lo w s  o v u l a t i o n  to g iv e  an e a r l y  increase  in plasma p ro g estero n e .  

In c o n t r a s t ,  l e v e l s  o f  u r i n a r y  20o-DHP were low f o r  a pp ro x im ate ly  

h a l f  o f  the cy c le  length  in w h i t e  rh in o c e ro s e s ,  r i s i n g  s lo w ly  a f t e r

oes trus  to  reach peak l e v e ls  a f t e r  7 days.  T h is  p a t t e r n  o f

e x c r e t i o n  suggests t h a t ,  as in the cow (Ayalon and Shemesh, 1974) ,

lu te a l  t i s s u e  s lo w ly  ach ie ves  f u n c t i o n a l  s i g n i f i c a n c e  in t h i s  

spec ies .  A l t e r n a t i v e l y ,  the e n t e r o h e p a t i c  c i r c u l a t i o n  o f  o v a r ia n  

s t e r o i d s  in the w h i t e  rh ino c ero s  may be r e s p o n s ib le  f o r  the t ime  

lapse between o v u l a t i o n ,  d u r in g  o e s t r u s ,  and the e x c r e t i o n  o f  

max i mum I eve Is o f  20a-DHP.

I t  can be concluded t h a t  the t ime course o f  20a-DHP e x c r e t i o n  

in r e l a t i o n  to  the occurrence o f  o e s t ru s  or  mat ing and the p a t t e r n  o f  

oestrogen e x c r e t i o n  suggests t h a t  the measurement o f  t h i s  m e t a b o l i t e  

c lo s e l y  r e f l e c t s  p rogestero ne  s e c r e t i o n  and corpus luteum f u n c t i o n  

in the A f r i c a n  spec ies  o f  r h in o c e ro s .  However, in the absence o f  

in fo rm at io n  on the p a t t e r n  o f  p rogesterone  s e c r e t i o n  in these  

spec ie s ,  to g e th e r  w i t h  the  lack o f  d i r e c t  evidence  t h a t  the p r o f i l e s
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descr ibed  here re p re sen t  o v u l a t o r y  c y c le s ,  c o r r e l a t i o n  o f  the t im in g  

o f  hormonal changes w i t h  s p e c i f i c  o v a r ia n  events  is d i f f i c u l t .  

In v a s iv e  techniques  to  p ro v id e  such ev id ence ,  eg.  laparotomy and 

laparoscopy,  a re  not a c c e p ta b le  in such n o n - t r a c t a b I e  spec ies  as 

rh in o cero se s ,  and so f a r  u l t raso u n d  has not been i n f o r m a t iv e .  

However, the oest rogen data  presented  in t h i s  study would suggest  

t h a t  f o l l i c u l a r  development was occurring, and perhaps the  

measurement o f  b i o a c t i v e  gonadotrophin l e v e ls  in the u r in e  would 

prov ide  f u r t h e r  ev idence t h a t  these c yc les  were o v u l a t o r y .

Although the p r e c is e  r e l a t i o n s h i p  between 20<x-DHP and o v a r ia n  

f u n c t i o n  is  not c l e a r  f o r  any sp e c ie s ,  the measurement o f

c i r c u l a t i n g  l e v e ls  o f  20a-DHP a c c u r a t e l y  r e f l e c t  l u t e a l  f u n c t i o n  in 

the horse (Van Rensburg and Van N ie k e r k ,  1968) .  Fur therm ore ,  the  

mesurement o f  u r i n a r y  immunoreact ive 20o-DHP, by n o n - s p e c i f i c  

radioimmunoassay, has enabled the o v a r ia n  c y c le  o f  domestic and 

e x o t i c  equids to be s u c c e s s f u l l y  c h a r a c t e r i s e d  f o r  the f i r s t  t ime by 

n o n - in v a s iv e  methods ( K i r k p a t r i c k  e t  a ! . ,  1990) .  I t  is perhaps

important  to  note t h a t  the p r o f i l e  o f  PdG e x c r e t i o n  d u r in g  the

oestrous  c y c le  o f  the horse has been found to  show no c y c l i c  changes 

corresponding to  o v a r ia n  events  (Kasman e t  a ! . ,  1985) ,  a s i m i l a r

s i t u a t i o n  to  t h a t  in the A f r i c a n  sp ec ie s  o f  rh in o c e r o s .  In 

a d d i t i o n ,  the n o n - s p e c i f i c  measurement o f  20a-DHP has pro v id ed  

v a lu a b le  in fo r m a t io n  on the  o v a r ia n  c y c le  in a d i v e r s e  range o f  

mammals in c lu d in g  the g i a n t  panda (Chaudhuri  e t  a ! . ,  1988) ,  k i l l e r

whale (Walker  e t  a l . ,  1988)  and p r im ates  ( S h i d e l e r  e t  a l . ,  1985;

Monfort  e t  a l . ,  1986) .  The p resen t  study is however the f i r s t  to  

d escr ib e  the s p e c i f i c  measurement o f  u r i n a r y  20a-DHP and i t s  

a p p l i c a t i o n  to m o n i to r in g  o v a r ia n  f u n c t i o n  in an u n g u la te .

The measurement o f  u r i n a r y  oest rogens  in the b la c k  and the

w h i te  rh in o cero s  is  use fu l  in p r o v id in g  a d d i t i o n a l  evidence t h a t  the  

cyc les  d e scr ib ed  a re  o v u l a t o r y ,  and a id s  the i n t e r p r e t a t i o n  o f  the  

20a-DHP da ta  in r e l a t i o n  to  presumed o v a r ia n  e v e n ts .  Al though  

p r o f i l e s  o f  oest rogen e x c r e t i o n  were not  a lways c l e a r ,  they show 

t h a t  i t  is  p o s s ib le  to  measure changes in l e v e l s  o f  u r i n a r y
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oestrogens which appear to  r e f l e c t  the p e r io d  o f  f o l l i c u l a r  

development preceeding  the  t ime o f  o e s t ru s  an d /o r  o v u l a t i o n .  The 

p r o f i l e s  o f  o e s t r a d i o I -1 73  and oes tro ne in F igs  5 . 3 ,  5 . 5  and 5 .1 0  

are  p a r t i c u l a r l y  c l e a r  f o r  the no r th ern  w h i t e ,  southern  w h i te  and 

black  rh inoceroses  r e s p e c t i v e l y .  Each p r o f i l e  shows an increase  

above b a s e l i n e  a t  l e a s t  2 - 3  days p r i o r  to  the onset  o f  behav ioura l  

oe s t ru s ,  w i t h  peak l e v e l s  measuring 6 f o l d  h ig her  than those a t  

the t ime o f  l u t e a l  r e g r e s s i o n .  I t  should t h e r e f o r e  be p o s s ib le  to  

use the measurement o f  u r i n a r y  oestrogens to  monitor  f o l l i c u l a r  

a c t i v i t y  and p r e d i c t  o v u l a t i o n  in both spec ies  o f  A f r i c a n  

rh in o ce ro se s .  The o n ly  o th e r  data  on the p a t t e r n  o f  u r i n a r y  

oestrogen e x c r e t i o n  in a rh in o ce ro s  were o b ta in ed  by Kassam and 

Las ley  (1 9 8 1 )  and Kasman e t  a l .  ( 198 6 )  f o r  the In d ian  sp e c ie s ,  in 

which l e v e l s  a re  g e n e r a l l y  much h ig her  w i t h  a la r g e r  and more 

p r o t r a c t e d  increase  du r ing  the p r e - o v u l a t o r y  p e r i o d .

R es u l ts  o f  t h i s  study a ls o  conf irm  the spec ies  d i f f e r e n c e s  in 

oestrogen metabol ism and e x c r e t i o n  suggested by HPLC a n a l y s i s  o f  

p r e - o e s t r u s  u r i n e  in chapter  4 .  Both the n o r th e rn  and southern  

w h i te  rh in o ce ro se s  were shown to  e x c r e t e  o e s t r a d i o I -170  and 

oest rone ,  w h i l s t  b la ck  rh inoceroses  e x c r e te d  p r i m a r i l y  oestrone  in to  

the u r i n e .  The measurement o f  o e s t r a d i o I  -1 7 3  has been usefu l  f o r  

m o n i to r in g  the o v a r ia n  c y c le  o f  c e r t a i n  p r im a t e s ,  eg.  G o e l d i ' s  

monkey ( C a r r o l l  e t  a l . f 1990)  and the marmoset (Hodges and Eastman,  

1984) ,  but  is thought to  be a minor oest rogen in the  u r in e  o f  

ungula tes (Mel I in ,  Erb and E s te r g re e n ,  1965 ) .  The p a t t e r n  o f  

e x c r e t i o n  o f  o e s t r a d i o I -1 7 3  would appear to  a c c u r a t e l y  r e f l e c t  

o v ar ian  f u n c t i o n  in a t  l e a s t  2 o f  the 3 w h i t e  rh ino cero ses  s tu d ie d  

here.  The p a t t e r n  o f  oes trone  e x c r e t i o n  in t h i s  s p e c ie s .  F i g .  5 . 2 ,  

shows an in crease  du r in g  the p o s t - o e s t r u s  p e r i o d ,  w i t h  low l e v e l s  

around the t ime o f  o v u l a t i o n .  A p o s t - o v u l a t o r y  r i s e  in u r i n a r y  

o e s t r a d i o I -1 7 3  has been demonstrated in c e r t a i n  new w or ld  pr im ates  

(Hodges, 1987) and oest rogen  measurements have been used as an 

a l t e r n a t i v e  to progesterone  m e t a b o l i t e s  f o r  m o n i to r in g  lu t e a l  

fu n c t io n  in these spec ies  (Eastman e t  a l . ,  1984) .  The e x c r e t i o n  o f  

oes trone  dur in g  the l u t e a l  phase o f  the o v a r ia n  cy c le  in the w h i te
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rh in ocero s  suggests t h a t  the corpus luteum produces oest rogens  

which may b e . i n  a d i f f e r e n t  form to  those produced d ur in g  f o l l i c u l a r  

development ( i e .  i n d i c a t i n g  the o v a r ia n  p ro d u c t io n  o f  oestrone  

r a t h e r  than o e s t r a d i o I - 1 7 3 ) .  A l t e r n a t i v e l y ,  the metabol ism o f  

c i r c u l a t i n g  o e s t r a d i o I -173  may a l t e r  f o l l o w i n g  o v u l a t i o n  r e s u l t i n g  

in the e x c r e t io n  o f  con jugated  oes tro ne r a t h e r  than o e s t r a d i o I - 1 7 3 .

The most abundant oestrogen in the u r i n e  o f  the b lack  

rh inoceros  was oestrone .  The measurement o f  con jugated  oestrone  has 

been used e x t e n s iv e l y  to  determ in e  the t ime o f  o v u l a t i o n  in many 

pr imates  (L a s le y ,  Hodges and C ze ka la ,  1980; Czeka la  e t  a l . ,  1986)  

and ungula te  spec ies  ( L a s l e y ,  1985; L as ley  e t  a l . ,  1989) .  

Although over 90% o f  oestrone  in b lack  rh in oc ero s  u r in e  is 

conjugated as a g lu curon id e  (Ramsay e t  a l . ,  1987 and chap ter  4 ) ,  

the p a t t e r n  o f  e x c r e t io n  o f  oestro ne  con ju gates  was not i n f o r m a t iv e  

in determ in ing  the t ime o f  o v u l a t i o n  in t h i s  sp e c ie s .  F ig u re  5 . 7  

shows t h a t  le v e ls  o f  u r i n a r y  oestrone  conjugates  were e le v a t e d  

around the t ime o f  observed mat ing a l though  the p a t t e r n  o f  e x c r e t i o n  

was not c y c l i c .  In c o n t r a s t ,  the measurement o f  unconjugated  

oestrone in hydrolysed u r i n e  gave a c l e a r  p r o f i l e ,  i n d i c a t i n g  a 

c y c l i c  p a t t e r n  o f  e x c r e t i o n  w i t h  peak l e v e l s  o f  oestrone  being  

observed e i t h e r  the day a f t e r  or the day preceeding  m ating .  

However, peak u r i n a r y  o es t rone  c o n c e n t r a t io n s  were c o - i n c i d e n t  

w i t h  e le v a t e d  p er io d  o f  oes trone  co n jugate  e x c r e t i o n  d u r in g  which  

oestrone conjugate l e v e l s  were 2 f o l d  h ig h er  than those o f  

oest rone .  A p o s s ib le  e x p la n a t i o n  f o r  the measurement o f  

unconjugated oest rone being more i n f o r m a t i v e  in m o n i to r in g  o v a r ia n  

f u n c t io n  than oes trone con ju gates  may be o b ta in ed  by c o n s id e r in g  the  

n ature  o f  the assays in v o lv e d .  The oes t rone  co n ju gate  assay is a 

d i r e c t  RIA, which measures the mass o f  oes t rone  g lu cu ro n ide  in 

unextr ac ted  u r in e .  The e le v a t e d  l e v e l s  o f  oes trone  conjugates  

throughout the ovar ia n  c y c le  in the b la c k  rh ino c ero s  could be due to  

the presence o f  substances in the u r i n e ,  perhaps c r o s s - r e a c t i n g  w i t h  

the ant iserum , t h a t  i n t e r f e r e  in the assay.  T h is  may a ls o  e x p l a i n  

the measurement o f  high l e v e l s  o f  oes t rone  co n ju gates  ( 5 - 1 0  ng/mgCr)  

in the u r in e  o f  the w h i t e  rh in o c ero s  when oes t rone  l e v e l s  were less
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than 2 ng/mgCr. Such substances may not  c r o s s - r e a c t  w i t h  the  

oestrone a n t i  serum or i n t e r f e r e  in the oestrone  assay .  

A l t e r n a t i v e l y ,  sample p r e p a r a t io n  procedures  p r i o r  to  assay f o r  

oestrone may remove these contaminants from the u r i n e .

The p r o f i l e s  o f  20oc-DHP and oest rogen e x c r e t i o n  d escr ib ed  in 

t h i s  chapter  re p re s e n t  the measurement o f  unconjugated s t e r o i d s  in 

a d d i t i o n  to  those co n ju gates  which were cleaved by enzyme 

h y d r o l y s is .  Care must be taken in the express ion  o f  ab s o lu te  

hormone v a lu e s ,  as d i f f e r e n t i a l  h y d r o l y s is  suggests t h a t  a 

s i g n i f i c a n t  p r o p o r t i o n  o f  20o-DHP and oes trogen conjugates  in both  

species remain unhydrolysed by enzymat ic  procedures .  The f u t u r e  

measurement o f  s t e r o i d  m e t a b o l i t e s  in u r in e  f o l l o w i n g  s o l v o l y s i s  

would g iv e  a more a c c u r a te  i n d i c a t i o n  o f  the hormone c o n c e n t ra t io n  

o f  u r i n e ,  a l though  i t  is not known whether t h i s  would improve the  

p ro f  i I e  obta i ned.

An approximate  cy c le  length  o f  22 days f o r  the b lack  

rh inoceros  and a s l i g h t l y  longer c y c le  length  o f  27 days f o r  the  

w hite  rh in o cero s  is suggested.  L i t t l e  in fo rm a t io n  is a v a i l a b l e  f o r  

the b lack  r h in o c e ro s ,  and l i m i t e d  behav ioura l  o b s e r v a t io n  o f  animals  

in the w i l d  ( H i t c h i n s  and Anderson,  1983) and in c a p t i v i t y  

( D i t t r i c h ,  1967; Gowda, 1967; Greed,  1967; Hal Is t rom , 1967; 

Yamamotto, 1967) have re p o r te d  cyc le  lengths v a ry in g  from 17-60  

days.  The c yc le  lengths f o r  fou r  c a p t i v e  b la c k  rh in o ce ro s es ,  

determined in t h i s  study by both b e hav io ura l  and hormonal means, 

a ls o  show much i n d i v i d u a l  v a r i a t i o n .  However, w i t h  the e xce p t io n  o f  

one animal which had a s h o r t  cy c le  length  o f  15 days,  the o v a r ia n  

cyc le  lengths o b ta in ed  f o r  the b lack  r h in o cero s  f e l l  between 17 and 

30 days, a much s m a l le r  range than p r e v i o u s ly  r e p o r t e d .  Th is  

demonstrates the increased r e l i a b i l i t y  o f  hormonal da ta  in 

comparison to  b ehav io ura l  o b s e rv a t io n  in the c a l c u l a t i o n  o f  c yc le  

length .  However, a more a c c u r a te  e s t im a t i o n  o f  cy c le  le n g th ,  as 

determined by 20a-DHP and oestrone  e x c r e t i o n  may have been ob ta ined  

i f  samples were c o l l e c t e d  d a i l y  around the t ime o f  o e s t ru s  in a l l  

cases .
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The on ly  pub l ished  da ta  a v a i l a b l e  on the cy c le  length o f  the  

w h i te  rh ino c eros  r e f e r s  to  t h a t  o f  the southern w h i t e  su b -s pe c ies ,  

and behav io ura l  data  i n d ic a t e s  an i n t e r - o e s t r u s  i n t e r v a l  o f  

ap p ro x im ate ly  30 days both in the w i l d  (Owen-Smith,  1973) and in 

c a p t i v i t y  (Lindemann,  1982) .  The cy c le  length o f  the southern w h i te  

rh inoceros  under i n v e s t i g a t i o n  in t h i s  study was 31 days when 

est im ated  by both 20a-DHP and o e s t r a d i o l - 1 7 3  e x c r e t i o n .  I t  was not  

p o s s ib le  to de termine  the in te i—oes t ru s  i n t e r v a l  in t h i s  animal  as 

no o v e r t  s igns o f  o es t ru s  were d e t e c t e d .  The average c y c le  length  

f o r  the no r th ern  w h i t e  rh in oc ero s  was found to be 26 days,  a 

s l i g h t l y  s h o r t e r  cy c le  than t h a t  o f  the southern w h i te  rh in o cero s  in 

t h i s  s tu dy .  There is no da ta  a v a i l a b l e  f o r  the n or the rn  w h i te  

rh inoceros  f o r  comparison and the lack o f  samples makes the acc u ra te  

d e te rm in a t io n  o f  c y c le  length  by hormone measurement very  

d i f f i c u l t .  I t  is t h e r e f o r e  not p o s s ib le  to  comment on whether the  

sh o r te r  cy c le  length o f  the n o r th ern  w h i te  r h in o c ero s  compared to  

t h a t  o f  the southern w h i te  r ep rese n ts  su b-spec ie s  d i f f e r e n c e s  or  

merely r e f l e c t s  in d i v i d u a l  v a r i a t i o n .

In c o n t r a s t  to the lack o f  success in m o n i to r in g  o v a r ia n

f u n c t i o n ,  the measurement o f  PdG im m unoreact iv i t y  was in f o r m a t iv e  in 

i n d i c a t i n g  pregnancy in the A f r i c a n  and In d ian  r h in o c e ro s e s .  In 

t h i s  s tudy ,  e le v a t e d  l e v e ls  o f  PdG im m unoreac t iv i t y  were measured 

during mid to  l a t e  g e s t a t i o n  in the b la c k  and w h i t e  rh in o c e ro s e s ,  in 

accordance w i t h  data  p r e v i o u s l y  pub l ished  by Ramsay e t  a l .  (198 7 )  

and Hodges and Green ( 1 9 8 9 ) .  The lower l e v e l s  o f  u r i n a r y  PdG

during mid to  l a t e  pregnancy in the A f r i c a n  rh in o c e ro s ,  compared to  

those measured in the In d ian  s p ec ies ,  s u b s t a n t i a t e d  the r e s u l t s  o f  

Hodges and Green ( 1 9 8 9 )  who suggested q u a n t i t a t i v e  spec ies  

d i f f e r e n c e s  in p rogestero ne  s e c r e t i o n  dur ing  g e s t a t i o n .

In chapter  4 ,  co-chromatography on HPLC conf irmed t h a t  the PdG

im m unoreact iv i ty  d e te c te d  du r ing  mid to l a t e  pregnancy in the b la ck

and the w h i te  r h in o ce ro s  re p resen ted  a re a l  measurement o f  l e v e l s  o f  

PdG in the u r i n e .  In c o n t r a s t ,  PdG immunoreact i v i t y  in u r i n e  from  

the o v a r ia n  c y c le  in these spec ies  d id  not c o - e l u t e  w i t h  the PdG
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marker on HPLC, suggest in g  the presence o f  a c r o s s - r e a c t i n g  

substance.  . T h e r e f o r e ,  in the A f r i c a n  spec ies  o f  rh in o c e r o s ,  the  

e x c r e t io n  o f  PdG in to  the u r i n e  would appear to be pregnancy  

s p e c i f i c .  The combined use o f  HPLC and the enzyme immunoassay to  

o b t a in  a s p e c i f i c  measurement o f  PdG would a l l o w  mid to  l a t e  

pregnancy to  be d e te c te d  by a n a l y s i s  o f  a s i n g l e  u r i n e  sample from  

both b lack  and w h i t e  rh in o c e ro s e s .  A l t e r n a t i v e l y ,  the EIA o f

Hodges and Green (19 8 9 )  may be adapted to  in c o rp o ra te  the an t ibody

used by Ramsay et  a l .  ( 1 9 8 7 )  w i t h  which the substance i d e n t i f i e d  in 

t h i s  study d id  not appear to  cross r e a c t .  However, the conversion  

o f  a RIA to an EIA can lead to changes in the s p e c i f i c i t y  o f  an 

a n t i  serum as demonstrated by Hodges and Green ( 1 9 8 9 ) .

The measurement o f  PdG im m unoreact iv i t y  d ur in g  the concept ion  

cyc le  and e a r l y  pregnancy in a b lack  rh in o c ero s  ( F i g .  5 . 1 7 )  showed 

t h a t  l e v e l s  o f  u r i n a r y  PdG im m unoreac t iv i t y  begin to  r i s e  during

the e a r l y  stages o f  pregnancy,  2 - 3  months a f t e r  concept ion .  HPLC 

a n a ly s i s  conf irmed t h a t  the PdG im m unoreac t iv i ty  measurable a t  t h i s  

stage o f  pregnancy was due to the e x c r e t i o n  o f  PdG (c h a p te r  4 ) .  

The only o th e r  pub l ish ed  da ta  on PdG d ur ing  e a r l y  g e s t a t i o n  in the  

b lack  spec ie s  (Ramsay e t  a l . ,  1987) r e p o r te d  t h a t  no PdG

im m unoreact iv i ty  was d e t e c t a b l e  a t  t h i s  stage  o f  pregnancy.  The use

o f  a more s e n s i t i v e  PdG EIA (Hodges and Green, 1989) could account  

f o r  the d e t e c t i o n  o f  PdG d u r in g  e a r l y  pregnancy in t h i s  s tudy ,  

although the r e s u l t s  a re  from a s i n g l e  animal and r e q u i r e

c o n f i rm a t io n  in more an imals b e fo re  any conc lus io n  can be drawn on

the stage  o f  g e s t a t i o n  a t  which PdG becomes d e t e c t a b l e  in the  

u r i n e .  In the b la c k  r h in o c ero s  in t h i s  s tu dy ,  PdG l e v e l s  were seen 

to increase  4 f o l d  3 months a f t e r  concept ion whereas 20a-DHP 

e x c r e t i o n  f e l l  to  very  low l e v e l s  a f t e r  the l u t e a l  phase o f  the

concept ion c y c le  and remained low (< Ing/mgCr) u n t i l  a shor t  

increase to  around 4 ng/mgCr in the t h i r d  t r i m e s t e r  o f  pregnancy.

In c o n t r a s t  to  the s i t u a t i o n  in the b la c k  rh in o c e r o s ,  PdG 

im munoreact iv i ty  remained low u n t i l  a p p ro x im a te ly  5 - 6  months o f  

g e s t a t i o n  in the n o r th e rn  w h i t e  rh in o cero s  ( F i g u r e  5 . 1 5 ) .  As t h i s
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is the f i r s t  r e p o r t  on e a r l y  pregnancy in the w h i t e  rh in o cero s  

th e re  are  .no o th e r  data f o r  comparison. Leve ls  o f  u r i n a r y  

immunoreact ive PdG increased d u r in g  m i d - g e s t a t i o n  and remained  

high u n t i l  p a r t u r i t i o n ,  as demonstrated by Hodges and Green ( 1 989 )  

and f u r t h e r  by the data  o f  t h i s  s tudy .  D i f f e r e n c e s  between the  

p a t t e r n  o f  e x c r e t i o n  o f  20o-DHP d ur ing  e a r l y  pregnancy in the b la ck  

and w h i te  rh inoceroses  were a ls o  e v i d e n t .  W h i l s t  l e v e ls  o f  u r i n a r y  

20oc-DHP were low a f t e r  concept ion in the b la c k  rh in o c e r o s ,  e l e v a t e d  

l e v e ls  o f  20a-DHP ( a t  l e as t  20 -30  ng/mgCr h igher  than d u r ing  the  

l u t e a l  phase) were observed 3 months p o s t -c o n c e p t io n  in the n o r th e rn  

w h i te  spec ies .  L e ve ls  o f  u r in a r y  20a-DHP remained high u n t i l  4 - 8  

months p r i o r  to p a r t u r i t i o n ,  when l e v e l s  f e l l  c o in c id e n t  w i t h  an 

increase  in PdG e x c r e t i o n .

The data o b ta in ed  in t h i s  study may a f f o r d  an in s ig h t  in to  the  

physiology o f  pregnancy in the b la c k  and w h i t e  rh in o c ero s es ,  w i t h  

s p e c i f i c  regard to  the r e l a t i v e  importance o f  o v a r ia n  and p l a c e n t a l  

progestagen s e c r e t i o n .  The absence o f  PdG in u r i n e  d u r in g  the

ovarian cyc le  suggests th a t  t h i s  is not  a major m e t a b o l i t e  o f  

progesterone s ecre te d  by the o vary .  The presence o f  PdG d ur in g  

e a r l y  g e s t a t io n  in the b lack  rh in o ce ro s  suggests an a l t e r n a t i v e  

source o f  progestagens f o r  the maintenance o f  pregnancy in t h i s  

spec ies .  I t  is  p o s s ib le  t h a t  the ovary  o f  the b la c k  rh in o cero s  

plays  very l i t t l e  r o l e  in s t e r o id o g e n e s is  d u r in g  pregnancy in the  

b lack  rh in o ce ro s ,  and as in the sheep (Heap, e t  a l . ,  1973)

progestagens may be produced by the  p la c e n t a  throughout g e s t a t i o n .  

The p la c e n ta l  p rod u c t io n  o f  pregnaned io i  has been documented in 

goats ( C u r r i e ,  1977)  and may be the pr im ary  source o f  t h i s  u r i n a r y  

progestagen in the b la c k  r h in o c e ro s .  A l t e r n a t i v e l y ,  the e x c r e t i o n  

of  PdG in e a r l y  pregnancy may be a r e s u l t  o f  a change in the

metabol ism o f  o v a r ia n  s t e r o i d s  d u r ing  g e s t a t i o n ,  r e s u l t i n g  in the  

e x c r e t i o n  o f  PdG r a t h e r  than 20a-DHP.

In the w h i te  r h in o c e ro s ,  e le v a t e d  l e v e l s  o f  20o-DHP throughout  

the f i r s t  7 months o f  pregnancy suggest  t h a t  e a r l y  pregnancy may be 

m ainta ined by the ovary  as in the horse ( S q u i r e s ,  Wentworth and
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G i n t h e r ,  1974) and the cow ( H e n r ic k s ,  Dickey and Niswender,  1970) .  

The hormonal mechanisms f o r  the maintenance o f  the l i f e s p a n  o f  the  

corpus luteum cannot be determined  from the p r o f i l e s  o b ta in e d .  The 

corpus luteum may be m a in ta in ed  by the p roduct ion  o f  a c h o r io n i c  

gonadotrophin ,  as in pr im ates  ( F i n d l a y ,  1980) and the horse ( A l l e n ,

1970 ) ,  and i t  may be i n t e r e s t i n g  to look f o r  b i o a c t i v e  gonadotrophin  

l e v e l s  in the u r in e  o f  t h i s  spec ies  p o s t - c o n c e p t io n .  A l t e r n a t i v e l y ,  

the sharp f a l l  in 20a-DHP 2 months a f t e r  co ncept ion ,  fo l lo w e d  by a 

s u b s t a n t i a l  in crease  to l e v e l s  exceeding 0*1 pg/mgCr in the t h i r d  

and f o u r t h  months o f  pregnancy may in d i c a t e  the f o rm a t io n  o f  

accessory corpora lu t e a .  C e r t a i n l y  in the horse,  a red u c t io n  in the

s e c r e t o r y  a c t i v i t y  o f  the pr im ary  corpus luteum from around day 16

causes a d e c l i n e  in the p roduct io n  o f  p rogestero ne  (van N ie k e rk ,  

1976) ,  and a secondary r i s e  between days 35 and 45 r e s u l t s  from the  

fo rm a t io n  o f  accessory corpus lu te a  (S q u i re s  and G i n t h e r ,  1975) .  

Assuming t h a t  the p a t t e r n  o f  20a-DHP e x c r e t i o n  r e f l e c t s  t h a t  o f  

pro gesterone  s e c r e t i o n ,  t h i s  may a ls o  be the case in the w h i te  

r h in o c e ro s .  Furthermore the m i d - g e s t a t i o n a l  r i s e  in PdG, suggest ing  

th a t  pregnancy may now be m a in ta in ed  by progestagens from a source  

o ther than the ovary ,  i e .  the p l a c e n t a ,  i n d ic a t e s  f u r t h e r  

s i m i l a r i t i e s  to the horse .  Al though PdG has not been i d e n t i f i e d  

as a major  u r i n a r y  progestagen dur in g  pregnancy in the horse (Kasman 

et  a l . ,  1985) ,  the p l a c e n t a l  p ro du ct io n  o f  progesterone  has been 

shown to  p la y  a v i t a l  r o l e  in the maintenance o f  l a t e  pregnancy in 

t h i s  spec ie s  ( S h o r t ,  1959; H o l ta n ,  S q u i r e s ,  Lapin  and G i n t h e r ,  

1979) ,  and a l s o  in the p ig  (Godke, 1975) .

The second r i s e  in 20a-DHP e x c r e t i o n  du r in g  the l a s t  t r i m e s t e r  

o f  pregnancy in both spec ie s  o f  rh in o c ero s  is common in many 

ungula tes  in c lu d in g  the horse (Barnes e t  a l . ,  1975) and the cow

( S c h n id e r ,  1989) .  I t  has been suggested t h a t  20o-DHP may be the

p r i n c i p a l  f o e t a l  m e t a b o l i t e  o f  progestero ne  (Moss, E s te rg re e n ,  

Becker and G ra n t ,  1979) ,  which may be rec o n ver te d  to  p rogesterone  in 

the p la c e n t a  (Ferguson and C h r i s t i e ,  1967) .  An o v e r a l l  in crease  in 

20«-DHP s e c r e t io n  in t o  the maternal  c i r c u l a t i o n  in the rh in o cero s  

would p o s s ib ly  lead to  the r i s e  in e x c r e t i o n  seen in t h i s  s tu dy .
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The b i o l o g i c a l  f u n c t i o n  o f  20o-DHP and many o th e r  progesterone  

m e t a b o I i t e s  formed in l a t e  g e s t a t i o n ,  is unknown, but  t h e i r  gradual  

e l e v a t i o n  in the c i r c u l a t i o n ,  and subsequent ly the u r i n e ,  suggests  

th a t  a general  a l t e r a t i o n  in progesterone metabol ism occurs near  

term.

The p a t t e r n  o f  oes trogen e x c r e t io n  d ur in g  pregnancy in the  

A f r ic a n  rh in oceroses  is s i m i l a r  to t h a t  in many o the r  mammalian 

spec ie s ,  ie .  a gradual increase  in the t o t a l  oes trogen p roduct ion  

is seen as pregnancy p ro gresses .  In the human, the increased growth  

and s e c r e t o r y  a c t i v i t y  o f  the f o e t a l  adrenal  glands occurs in 

p a r a l l e l  w i t h  an increase  in the 16a-hydroxyI  a t i n g  c a p a c i t y  o f  the  

f o e t a l  l i v e r .  T h e r f o r e ,  the r a t e  o f  s yn th es is  and s e c r e t io n  o f  

oestrogens by the p la c e n t a  r i s e s  s t e a d i l y  d ur in g  the second and 

t h i r d  t r i m e s t e r  o f  pregnancy ( D i c z f a l u s y ,  1964) .  Since  the  

p la c e n t a l  s e c r e t io n  o f  oest rogens depends b a s i c a l l y  on the a c t i o n  o f  

the f o e t a l  organs,  measurement o f  u r i n a r y  oest rogens in pregnant  

women p ro v id es  a s a t i s f a c t o r y  means o f  assessing f o e t a l  v i a b i l i t y .  

This increase  in oes trogen s e c r e t i o n  is  a ls o  seen in the A f r i c a n  

species o f  r h in o c e ro s .  However, t h i s  is in c o n t r a s t  to  the In d ian  

rh inoceros  in which the l e v e ls  o f  conjugated  oes tr one  were not  

ra is e d  above those measured d ur in g  the lu t e a l  phase o f  the o v a r ia n  

cyc le  thorcughout g e s t a t i o n  (Kasman e t  a l . ,  1986) .  T h is  may suggest  

t h a t  another oes trogen is the most abundant u r i n a r y  oest rogen  d ur ing  

pregnancy in the In d ia n  r h in o c e r o s .  In the b lack  rh in o ce ro s

oestrone was the major  u r i n a r y  oes trogen throughout the o v a r ia n  

cyc le  and pregnancy a l though  a 3 f o l d  increase  in l e v e l s  was 

observed 6 months a f t e r  co ncept ion .  HPLC re v e a le d  the presence o f  

o e s t r i o l  d ur ing  the t h i r d  t r i m e s t e r  o f  pregnancy in the  b lack  

rh in o c ero s ,  and t h i s  oes trogen may be more important  than oestrone  

in the u r i n e  a t  t h i s  t im e ,  as is the case in the ewe ( C h a l l i s ,

1971) .

In the n o r th e rn  w h i te  rh in o c e r o s ,  l e v e l s  o f  u r i n a r y  oestrone  

did not become q u a n t i t a t i v e l y  more important  than o e s t r a d i o I - 1 7fS 

u n t i l  ap p ro x im ate ly  h a l f  way through the g e s t a t i o n  p e r io d  suggest ing
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t h a t  c o n c e n t ra t io n s  o f  d i f f e r e n t  c i r c u l a t i n g  oes trogens change

independant l.y throughout g e s t a t i o n  in t h i s  sp e c ie s ,  as in the horse  

(Savard ,  1961; Cox, 1975) .  A peak in oestro ne  e x c r e t i o n  was

observed 3 months p r i o r  to  p a r t u r i t i o n  fo l lo w e d  by a gradual  d e c l i n e  

in l e v e ls  as seen in the b la c k  r h in o c e r o s .  However, l e v e l s  o f  

o e s t r a d i o I -173  in the u r i n e  remained e le v a t e d  throughout l a t e

pregnancy and in to  the p o st partum  p e r io d .  In both the b la ck  and 

the w h i te  rh in o c e ro s ,  l e v e l s  o f  u r i n a r y  oes trone  f e l l  r a p i d l y  dur in g  

the l a s t  month o f  pregnancy to  be b a s e l in e  a t  the t ime o f

p a r t u r  i t  i o n .

The g e s t a t i o n  p e r io d  determined by hormone measurement f o r  the  

w h i te  and b lac k  rh in o cero ses  in t h i s  study  was 16 months. These 

f i g u r e s  c o r r e l a t e  w e l l  w i t h  the g e s t a t i o n  p e r io d  o f  the southern  

w h i te  r h in o c e ro s ,  es t im a ted  from the da te  o f  mat ing to  the t ime o f  

b i r t h  as 15-18 months in both the w i l d  (Owen-Smith,  1971) and 

c a p t i v i t y  (R aw l in s ,  1979; Llndemann, 1982; Hodges and Green,

1989) .  The g e s t a t i o n  p er io d  o f  the b la ck  r h in o ce ro s  has been

rep o r ted  as 13-15 months both in the w i l d  (Goddard,  1967; Jouber t  

and E l o f f ,  1971; Hal 1 -M a r t in  and Penzhorn,  1977)  and in c a p t i v i t y

( D i t t r i c h ,  1967; Goddard, 1967; Gowda, 1967; Yamamotto, 1967;

Rookmaker, 1973; Ramsay e t  a l . ,  1987) .  However, r e s u l t s  from t h i s  

study,  the f i r s t  to  monitor  a complete pregnancy by endocrine  means 

in e i t h e r  s p e c ie s ,  suggest  a g e s t a t io n  p e r io d  o f  494 days f o r  the

b lack  rh ino c ero s  which is s l i g h t l y  longer than those p r e v io u s l y

r e p o r t e d .  The b la c k  rh ino c ero s  in t h i s  study c l e a r l y  underwent no

f u r t h e r  o v a r ia n  c yc les  a f t e r  the l a s t  observed m at in g .  I t  is

p o ss ib le  t h a t  a s h o r t e r  g e s t a t i o n  p e r io d  d e scr ib ed  from behav io ura l

da ta ,  is a r e s u l t  o f  o b s e rv a t io n s  o f  mat ings which have been 

rep o r ted  dur ing  pregnancy in t h i s  spec ies  (Schenkel  and S ch en ke l -  

Hu N i g e r ,  1967) .

The r e s u l t s  o f  t h i s  study a l s o  d e s c r ib e  the e x c r e t i o n  o f  

oestrogens and progesterone  m e t a b o l i t e s  du r in g  the p o s t-p a r tu m  

per io d  in both the b la c k  and the w h i t e  rh in o c e ro s e s .  In the  

nor thern  w h i t e  s p e c ie s ,  l e v e l s  o f  both progesterone  m e t a b o l i t e s  and
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oestrogens remained basal  throughout the 3 month sample c o l l e c t i o n  

p e r io d  p o s t-p a rtu m .  Th is  da ta  suggests t h a t ,  u n l i k e  the horse  

( G i n t h e r ,  1979) but  as in the sheep (van N e i k e r k ,  1976) and the p ig  

( P a r v i z i ,  E ls a e s s e r ,  Smidt and E l l e n d o r f f ,  1976) ,  t h e re  is no 

o v u l a t o r y  p o s t -p a r  turn o e s t ru s  in the w h i t e  r h in o c e ro s .  There are  

no pub l ished  r e p o r t s  on the r e p ro d u c t iv e  a c t i v i t y  o f  w h i te  

rh inoceros  a f t e r  b i r t h ,  a l t hough  the i n t e r - c a l f  i n t e r v a l  o f  30 

months in the w i l d  (Owen-Smith,  1973) and 27 months in z o o lo g ic a l  

c o l l e c t i o n s  (K lo s  and F rese ,  1981) i n d i c a t e s  t h a t  r e p ro d u c t iv e  

a c t i v i t y  may be suspended f o r  up to  a year  a f t e r  p a r t u r i t i o n ,  

perhaps due to a l a c t a t i o n a l  ano es t ru s .

In the b lac k  r h in o c e ro s ,  however,  the e x c r e t i o n  o f  high l e v e l s  

o f  oes trone 20 days p o s t-p a r tu m  in d ic a t e d  t h a t  o v a r ia n  a c t i v i t y  may 

have recommenced. In a d d i t i o n ,  the increase  in l e v e l s  o f  u r i n a r y  

20o-DHP which immediate ly f o l lo w e d  t h i s  oes trone  r i s e  i n d i c a t i n g  

t h a t  o v u la t i o n  had occurred .  I t  is not  p o s s ib le  to  determine

whether t h i s  o v u l a t i o n  was s i l e n t  or accompanied by o e s t ru s  as the  

animal was not  in the presence o f  a male.  Sexual a c t i v i t y  has been 

seen 25 days a f t e r  b i r t h  in a female b la c k  r h in o ce ro s  a t  S t .  Lou is  

Zoo (C .A .A sa ,  personal  communicat ion)  which a ls o  i n d i c a t e s  the  

presence o f  a p o s t-p a r tu m  o es t ru s  in the b la c k  rh in o c e r o s .  

Furthermore,  the in te i— c a l f  i n t e r v a l  f o r  t h i s  spec ies  may be as low 

as 17 months in c a p t i v i t y  (Lindemann, 1982)  i n d i c a t i n g  t h a t  

o v u la to r y  oestrous  cy c le s  resume soon a f t e r  b i r t h .

However, the two females  t h a t  have been re p o r te d  to  have 

undergone a p o s t-p a r tu m  o e s t ru s  had r e j e c t e d  t h e i r  c a lve s  a t  b i r t h  

and were thus not l a c t a t i n g .  I t  is not  known what e f f e c t  l a c t a t i o n  

may have upon these p o s t-p a r tu m  o v a r ia n  c y c le s .  P rev ious  r e p o r t s  

f rom the w i l d  have suggested t h a t  o v a r i a n  a c t i v i t y  resumes soon 

a f t e r  b i r t h  r e g a rd le s s  o f  l a c t a t i o n  (Goddard,  1967) in the b la ck  

rh in o ce ro s ,  a l though the i n t e r v a l  to  t ime o f  concept ion  may be 

longer .  T h is  p e r io d  o f  reduced f e r t i l i t y  is presumably re s p o n s ib le  

f o r  in te i— c a l f  i n t e r v a l s  o f  up to  112 months t h a t  have been 

rep o r ted  in c a p t i v i t y  and in the w i l d  (Lindemann 1982; Western and
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S in d iy o ,  1972) .

I t  should be s t re s s e d  t h a t  the r e s u l t s  p resented  in t h i s

chapter  r e f e r  to  a l i m i t e d  number o f  b la c k  and w h i te  rh in ocero ses  

and the r e s u l t s  c l e a r l y  r e q u i r e  c o n f i r m a t io n  in a l a r g e r  number o f  

an im a ls .  Such c o n f i r m a t i o n  is d i f f i c u l t  to o b t a in  as few female  

rh inoceroses  in c a p t i v i t y  show “normal" r e p r o d u c t iv e  a c t i v i t y  and 

r e g u la r  u r i n e  sample c o l l e c t i o n  is  o f t e n  d i f f i c u l t ,  e s p e c i a l l y  in 

the w h i t e  rh in o cero s  where the m a j o r i t y  o f  c a p t i v e  an imals a re  

e x h i b i t e d  in herds.  However, i t  is  obvious t h a t  more s t u d ie s  a re  

u r g e n t l y  needed to  o b t a in  f u r t h e r  da ta  in order  to f u l l y

c h a r a c t e r i z e  the r e p r o d u c t iv e  cy c le  o f  the A f r i c a n  rh in o c ero ses .

In summary, the development o f  a novel EIA f o r  20o-DHP has a l lowed  

the p r o f i l e  o f  p rogesterone  m e t a b o l i t e  e x c r e t i o n  d ur in g  the o v a r ia n  

cyc le  o f  b la c k  and w h i t e  rh in oceroses  to  be d e s c r ib e d .  The combined 

measurement o f  20o-DHP and o e s t r a d i o I  -173  in the w h i te  and oes trone  

in the b la c k  rh in o ce ro s  has a l lo w ed  the oes trous  cy c le  o f  the  

A f r i c a n  rh in oceroses  to be moni tored  f o r  the f i r s t  t im e .  The 

combined r e s u l t s  f o r  chapters  4 and 5 suggest  t h a t  PdG is the major  

m e t a b o l i t e  o f  progesterone  d ur in g  mid to  l a t e  pregancy in both the  

A f r i c a n  and In d ia n  rh in o c e r o s e s ,  a l though  the t ime a t  which the  

e x c r e t io n  o f  PdG i n d ic a t e s  the presence o f  a conceptus v a r i e s

between sp e c ie s .  W h i ls t  PdG is p res en t  in the u r i n e  o f  the b lac k

rh in o cero s  d ur ing  e a r l y  pregnancy,  20a-DHP is the major  u r i n a r y  

m e t a b o l i t e  o f  p rogesterone  a t  t h i s  stage  o f  g e s t a t i o n  in the w h i te  

rh in o c e r o s ,  perhaps suggest ing  spec ies  d i f f e r e n c e s  in the source o f  

progestagens f o r  the maintenance o f  pregnancy.  Oestrone is the  

major u r i n a r y  oes trogen throughout pregnancy in the b lack  

rh in o c e ro s .  In the w h i t e  s p e c ie s ,  o e s t r a d i o I - 173 is the most 

abundant oes trogen in u r i n e  u n t i l  m i d - g e s t a t i o n  a t  which t ime  

e le v a t e d  l e v e l s  o f  oes tr one  a re  measurable in the u r i n e .  More 

s tu d ie s  a re  now needed to  o b t a in  f u r t h e r  data  on s t e r o i d  m e t a b o l i t e  

l e v e ls  d ur in g  the o v a r ia n  c y c l e ,  co ncept io n ,  e a r l y  pregnancy and the  

p o s t-p a r tu m  p e r i o d .  D e te rm in a t io n  o f  o v a r ia n  c y c l i c i t y  and 

diagnos is  o f  pregnancy w i l l  g r e a t l y  a i d  c o - o r d i n a t e d  breed ing
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programmes o f  the A f r i c a n  spec ie s  o f  rh in o cero s  in c a p t i v i t y  and 

p o ss ib ly  in the w i l d .



CHAPTER 6 .  
GENERAL DISCUSSION
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Chapter 6  
General D iscussion

T h is  study was designed to  examine s t e r o i d  metabol ism and

e x c r e t i o n  in the b la ck  and w h i t e  rh in oceroses  in o rd er  to  advance 

our understanding o f  the r e p r o d u c t iv e  phys io lo gy  o f  these sp e c ie s .  

A second o b j e c t i v e  o f  the study was to  develop n o n - in v a s iv e  methods 

f o r  m o n i to r in g  r e p r o d u c t iv e  f u n c t i o n  in A f r i c a n  rh in o cero se s .

The i d e n t i f i c a t i o n  o f  the major  u r i n a r y  m e t a b o l i t e s  o f

progeste rone  and o e s t r a d i o l - 1 7 f i  in the w h i t e  and the b lack  

r h in oceros  has shown spec ie s  d i f f e r e n c e s  between the In d ian  and

A f r i c a n  rh in o cero ses  in the metabol ism o f  o v a r ia n  s t e r o i d s .  The

species  d i f f e r e n c e s  in s t e r o i d  metabol ism were p resent  throughout ,  

but perhaps the most s i g n i f i c a n t  d i f f e r e n c e  was in regard  to  

progesterone metabol ism in the non-pregnant  a n im a l .  W h i ls t  PdG was 

i d e n t i f i e d  as the major  progesterone  m e t a b o l i t e  in the u r i n e  o f  the  

Ind ian rh in o ce ro s  d u r in g  the  o v a r ia n  c y c l e ,  in w h i t e  and b la ck  

rh inoceroses  the o n ly  d e t e c t a b l e  immunoreactive progeste rone  

m e t a b o l i t e  du r in g  the p o s t - o e s t r u s  p e r io d  was conjugated 20a-DHP.

There a r e  severa l  p o s s ib le  e x p la n a t io n s  f o r  the spec ies  

d i f f e r e n c e s  in p rogestero ne  metabol ism between the  In d ia n  and 

A f r i c a n  rh in o c e r o s e s .  F i r s t l y ,  the e r y t h r o c y t e s  o f  the b la c k  and 

the w h i te  rh in o ce ro s  may possess the p o t e n t i a l  to  conver t  

progesterone  to  20a-DHP as in the hyrax (Heap e t  a ! . ,  1975) .

Secondly,  the 4 -ene-5<x /p - re ducta se  enzymes t h a t  conver t  20a-DHP to  

pregnanediol  in the l i v e r  p r i o r  to  co n ju g a t io n  may be low or absent  

in the  A f r i c a n  spec ies  o f  rh in o c e r o s .  A l t e r n a t i v e l y ,  the l i v e r  may 

not be an importan t  s i t e  o f  progesterone  metabol ism in b la c k  and 

w hi te  rh in oceroses  and 20a-DHP may be s e c re te d  by the corpus luteum 

on the o vary .  The l a t t e r  is  c e r t a i n l y  p o s s ib l e  in view o f  the f a c t  

th a t  20a-DHP is known to  be se c re te d  by the ovary  o f  the horse (a  

close r e l a t i v e  o f  the rh in o c e ro s )  and i t s  measurement in the  

c i r c u l a t i o n  a c c u r a t e l y  r e f l e c t s  lu t e a l  f u n c t i o n  in t h i s  spec ies  

(Van Rensburg and Van N i e k e r k ,  1968; Seren e t  a 1, 1981) .
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One way to  examine these p o s s i b i l i t i e s  would be to i n v e s t i g a t e  

the in v i t r o  metabol ism o f  r a d i o I a b e I  Ied progesterone  by blood or  

l i v e r  and o v a r ia n  t i s s u e  c o l l e c t e d  post mortem. I t  would a ls o  be 

i n t e r e s t i n g  to e s t a b l i s h  whether progeste rone  or 20<x-DHP is the  

major c i r c u l a t i n g  progestagen d ur in g  normal o v a r ia n  cy c les  in the  

A f r ic a n  spec ies  o f  rh in o c e r o s .  By measuring 20<x-DHP in the  

p e r i p h e r a l  c i r c u l a t i o n ,  i t s  s e c r e t i o n  in r e l a t i o n  to  o v a r ia n  events  

may be d e te rm in ed .  The p r o f i l e  o f  20<x-DHP s e c r e t i o n  may pro v id e  an 

i n d i c a t i o n  o f  the o r i g i n  o f  t h i s  progestagen in A f r i c a n  

rh in o c ero ses .  However, such exper im ents  were not p o s s ib le  dur in g  

the course o f  t h i s  study as p o st mortem  t i s s u e  was not  a v a i l a b l e  

and blood samples could not  be c o l l e c t e d  from any o f  the c a p t i v e  

animals under i n v e s t i g a t i o n .

In terms o f  progeste rone  metabol ism, the A f r i c a n  spec ies o f  

rh inoceros  resembles the the equids ( p e r r i s o d a c t y I s ) , w h i l s t  the  

Indian r h in o cero s  e x h i b i t s  pathways o f  p rogesterone  metabol ism t h a t  

more c l o s e l y  equate to  those in a r t i o d a c t y l  s p ec ie s .  C e r t a i n l y  in 

a l l  a r t i o d a c t y l s  s t u d i e d ,  high l e v e l s  o f  PdG a re  present  in the  

u r in e  d ur in g  the lu t e a l  phase o v a r ia n  c y c le  (see L o s k u t o f f  e t  a l . f 

1983; Las le y ,  1985; Hodges, 1990 f o r  r e f e r e n c e s ) .  However, the  

measurement o f  u r i n a r y  PdG does not  r e f l e c t  corpus luteum f u n c t i o n  

in domestic and e x o t i c  equids ( L o s k u t o f f  e t  a i . ,  1983) or t a p i r s  

(Kasman e t  a i . ,  1985) .  Furtherm ore ,  a re cen t  study by K i r k p a t r i c k  

et  a i .  ( 1 9 9 0 )  has shown t h a t  the n o n - s p e c i f i c  measurement o f  u r i n a r y  

20a-DHP is  use fu l  in m o n i to r in g  o v a r ia n  f u n c t i o n  in e x o t i c  eq uids ,  

eg. zebras ,  i n d i c a t i n g  t h a t  20a-DHP is p o s s ib ly  more abundant than  

PdG in the u r i n e  o f  the horse and perhaps,  by i n f e r e n c e ,  the  t a p i r .

T h e r e f o r e ,  spec ies  d i f f e r e n c e s  e x i s t  in the metabol ism o f  

pro gesterone  between In d ian  and A f r i c a n  r h in o c e ro s e s .  In a d d i t i o n ,  

d i f f e r e n c e s  in the metabol ism and e x c r e t i o n  o f  oest rogens were 

observed,  not on ly  between In d ian  and A f r i c a n  rh in o cero ses ,  but
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a ls o  w i t h i n  the A f r i c a n  s p e c ie s .  The most abundant u r i n a r y  

oestrogen in the In d ia n  r h in o ce ro s  is oestro ne  s u lp h a te  (Kassam and 

L a s le y ,  1981; Kasman e t  a ! . ,  1986) .  The p a t t e r n  o f  e x c r e t i o n  and 

l e v e ls  o f  oes trone  su lp h a te  found in the u r i n e  o f  the Ind ian  

rh in oceros  are s i m i l a r  to those seen in equids ( K i r k p a t r i c k  e t  a / . ,  

1988) S i m i l a r l y  the b la c k  r h in o c e r o s ,  l i k e  the m a j o r i t y  o f

ungu la tes ,  e x c r e te s  conjugated  oes trone  in t o  the u r in e  d ur in g  the  

o va r ian  c y c le ,  a l though  l e v e l s  were lower than those seen in the  

Ind ian rh in o c e ro s .  However, the w h i t e  r h in o ceros  was shown to  

e xc re te  conjugated  o e s t r a d i o I -17 3  as the major  oes t rogen .

The species  d i f f e r e n c e s  in s t e r o i d  metabol ism may stem from  

the separa te  e v o l u t i o n  o f  the Asian and A f r i c a n  rh in o c e ro s e s .  I t  is  

p o ss ib le  t h a t ,  o f  the P e r r is o d a c ty I  sp e c ie s ,  the In d ian  rh in o cero s  

has evo lved more c l o s e l y  w i t h  the a r t i o d a c t y I s , w h i l s t  the b lac k  and 

w hite  rh inoceroses  have evo lved  more c l o s e l y  w i t h  the path  o f  o th e r  

p e r r i s o d a c t y I s . Furthermore ,  e v o l u t i o n  may account f o r  the spec ies  

d i f f e r e n c e s  in oes trogen metabol ism between b lac k  and w h i te  

rh inoceroses .  Examinat ion  o f  the blood p r o t e i n s  in b la c k  and w h i te  

rhinoceroses ( O s t e r h o f f  and Keep, 1970) r e v e a le d  g r e a t  g e n e t i c  

v a r i a b i l i t y  in the w h i te  rh in o ce ro s  w h i l s t  the b lack  spec ies  showed 

no v a r i a b i l i t y ,  suggest ing t h a t  the b la c k  r h in o ce ro s  is  more 

s t a b i l i z e d .  D ic e ro s  is thought to  be a n c e s te ra l  to  C e ra to th e r iu m  

( H o o i je r  and P a t t e r s o n ,  1972)  s in c e  the s p l i t  in e v o l u t i o n  dur in g  

the P l io c e n e .  The d i f f e r e n c e s  in oest rogen  metabol ism may rep rese n t  

another consequence o f  s e p ara te  e v o l u t i o n .

In a d d i t i o n  to  the q u a l i t a t i v e  spec ies  d i f f e r e n c e s  in s t e r o i d  

metabol ism, the p a t t e r n  o f  s t e r o i d  e x c r e t i o n  a l s o  d i f f e r e d .  F ig u re  

6.1 shows s t y l i s e d  p r o f i l e s  o f  e x c r e t i o n  o f  oes trogens and 

progesterone m e t a b o l i t e s  d ur in g  the o v a r ia n  cy c le  o f  the I n d ia n ,  

black  and w h i te  r h in o ce ro s es .  The t y p i c a l  o v a r ia n  c y c le ,  as 

r e f l e c t e d  by u r i n a r y  s t e r o i d  measurement, r e p r e s e n t a t i v e  o f  In d ian  

rhinoceroses shows a long f o l l i c u l a r  phase c h a r a c t e r i s e d  by a slow,  

gradual  increase  in oestrogen l e v e l s  p r i o r  to  the p r e - o v u l a t o r y  

peak. Progesterone m e t a b o l i t e  l e v e l s  r i s e  a f t e r  o v u l a t i o n  and
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F ig u re  6 . 1 .  S t y l i s e d  p r o f i l e s  o f  oest rogen and progesterone  

m e t a b o l i t e  e x c r e t i o n  d u r in g  the o v a r ia n  c y c le  o f  the In d ian  ( a ) ,  

w h i te  Cb) and b la c k  ( c )  r h in o c ero ses .  The shaded a re a  r ep rese n ts  

the e x c r e t i o n  o f  oes tr ogens ,  w h i l s t  the p a t t e r n  o f  e x c r e t i o n  o f  

progesterone  m e t a b o l i t e s  is  denoted by the open a r e a .  The t ime o f  

mating  in r e l a t i o n  to  o v a r ia n  s t e r o i d  m e t a b o l i t e  e x c r e t i o n  is  

i n d ic a t e d  by an arrow.
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remain high f o r  a l u t e a l  p e r io d  t h a t  is  e q u i v a l e n t  to  h a l f  the cy c le  

length  o f  43 days CKasman e t  a ! . ,  1986) .  From the l i m i t e d  data

c o l l e c t e d  in t h i s  t h e s i s ,  the p r o f i l e  o f  e x c r e t i o n  o f  o v a r ia n  

s t e r o i d s  in the w h i t e  r h in o c e ro s  demonstrates  a s i m i l a r  t ren d  in the  

gradual  in crease  in oest rogen e x c r e t i o n  du r in g  a r e l a t i v e l y  long 

f o l l i c u l a r  phase preceedin g  o v u l a t i o n ,  f o l lo w e d  by a lu t e a l  p e r io d  

o f  e l e v a t e d  progestero ne  m e t a b o l i t e  e x c r e t i o n .  In a d d i t i o n  to

e le v a t e d  l e v e l s  o f  u r i n a r y  o e s t r a d i o I - 1 7fJ a t  the t ime o f  o e s t r u s ,  

c y c l i c a l  changes in the e x c r e t i o n  o f  oes t rone  con ju gates  were seen 

to  c o r r e l a t e  w i t h  l u t e a l  f u n c t i o n  in the w h i t e  r h in o cero s  (see  F i g .  

5 . 2 ) .  In  t h i s  s p e c ie s ,  the e x c r e t i o n  o f  o e s t r a d  iol -17|S may be 

as s o c ia te d  w i t h  f o l l i c u l a r  development,  w h i l s t  oes trogens produced 

by the corpus luteum a re  e xc re te d  in the form o f  oes trone  

c on ju gates .

However, the p a t t e r n  o f  e x c r e t i o n  o f  s t e r o i d s  during  the  

o va r ian  c y c le  o f  the b la c k  rh in oc ero s  more c l o s e l y  resembles t h a t  o f  

a r t i o d a c t y I s ,  eg. the s c im i t a i— horned oryx ( L o s k u t o f f  e t  a / . ,  1983)

and cow ( G a v e r ic k ,  Erb ,  Niswender and C a l la h a n ,  1971) ,  and the  

equids,  the horse (Lowe, Foote ,  Baldwin ,  H i l lm a n  and K a l l f e l z ,  1987)  

and donkey (Henry ,  F i g u e i r e d o ,  P a lh a res  and Coryn, 1987) .  In these  

species the f o l l i c u l a r  phase is compressed ( a p p r o x im a t e ly  4 days in 

the b la c k  rh in o c e ro s )  and u r i n a r y  oest rogens r i s e  s h a rp ly  a f t e r  

lu t e a l  r e g r e s s i o n .  The peak in oes trogen e x c r e t i o n  is f o l lo w e d  by a 

prolonged p e r io d  o f  progesterone  m e t a b o l i t e  e x c r e t i o n ,  the  l u t e a l  

phase, t h a t  occupies a p p ro x im a te ly  80% o f  the c y c le  le ng th .

The r e s u l t s  presented  in t h i s  t h e s i s  therefore s t i m u l a t e  some 

i n t e r e s t i n g  d iscu ss io n  on spec ies  d i f f e r e n c e s  in s t e r o i d  metabol ism  

and p a t t e r n  o f  e x c r e t i o n  d u r in g  the o v a r ia n  c y c le  o f  r h in o c ero ses .  

F i r s t l y ,  w h i l s t  PdG is the most abundant immunoreact ive progeste rone  

m e t a b o l i t e  in the u r i n e  o f  the In d ian  r h in o c e r o s ,  PdG is not  present  

during  the l u t e a l  phase o f  the  o v a r ia n  c y c le  in the A f r i c a n  sp ec ies .  

In c o n t r a s t ,  conjugated 20a-DHP was i d e n t i f i e d  as the most abundant  

u r i n a r y  immunoreact i ve progestagen in both the b lack  and w h i t e  

rh in o ce ro ses .  Secondly,  d i f f e r e n c e s  in the metabol ism and e x c r e t i o n
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o f  oestrogens were observed d ur ing  the f o l l i c u l a r  phase o f  the  

o v a r ia n  c y c le  between the b la c k  and the w h i t e  r h in o c e r o s .  Oestrone  

was the major  oes trogen in the u r in e  o f  the b la c k  rh in o c e ro s ,  w h i l s t  

the measurement o f  o e s t r a d i o I  -17 3  prov id ed  a more in f o r m a t i v e  

p r o f i l e  in the w h i te  sp e c ie s .

The r e s u l t s  o f  s t u d i e s  in t h i s  t h e s i s  a ls o  p ro v id e  the  

F i r s t  successful  a t te m pt  to  moni tor  o v a r ia n  f u n c t i o n  in the A f r i c a n  

s p ec ies  o f  r h in o c e r o s .  The development o f  such methods have f a r  

rea ch in g  im p l i c a t i o n s  in the management o f  rh in o cero ses  in c a p t i v i t y  

and in the w i l d .  The major  f u n c t io n  o f  such m o n i to r in g  methods is  

t o  a i d  the management o f  n a t u r a l  bre ed ing  in c a p t i v i t y .  By

i n c r e a s in g  our knowledge o f  the e x c r e t i o n  o f  r e p r o d u c t i v e  s t e r o i d  

hormone m e t a b o l i t e s  du r in g  normal o v a r ia n  c y c l e s ,  causes o f  

r e p r o d u c t i v e  d ys fu n c t io n  w i t h i n  the c a p t i v e  p o p u la t io n  may be 

determ in ed .  The a d m i n i s t r a t i o n  o f  r e p r o d u c t i v e  hormones, such as 

gonadotroph in  r e l e a s i n g  hormone (GnRH) and i t s  a n t a g o n is t s  have 

been used to  s t i m u l a t e  s t e r o i d  s e c r e t i o n  and cause o v u l a t i o n  or  

l u t e a l  re g re s s io n  in e x o t i c  spec ies  i e .  w i l d  a n te lo p e  ( I  I I i  u s , 

Haynes, Lamming, Howies and F a i r a l l ,  1983) ,  the g i a n t  panda 

(Chaudhuri  e t  a l . ,  1988) and marmoset (Hodges,  Green, Cot t ingham,  

Sauer ,  Edwards and Lightman,  1988 ) ,  and may be te s t e d  f o r  use in 

r h in o c e r o s e s . Furtherm ore ,  the a b i l i t y  to monitor  oestrous  cy c le s  

in A f r i c a n  rh in o cero ses  enab les the  e f f e c t  o f  s o c ia l  behav iour  and 

herd s i z e  on rep ro d u c t io n  to  be assessed.

In a d d i t i o n  to the a p p l i c a t i o n  o f  n o n - in v a s iv e  m o n i to r in g  o f

o v ar ian  f u n c t io n  to the management o f  n a t u r a l  b reed ing  in c a p t i v i t y ,
may

methods o f  assessing r e p r o d u c t iv e  f u n c t i o n  be used in the  

development and a p p l i c a t i o n  o f  r e p r o d u c t iv e  te c h no lo g ies  f o r  

a s s is t e d  b ree d in g .  Measurement o f  o v a r ia n  s t e r o i d  hormone

m e t a b o l i t e s  in the u r i n e  p ro v ides  a n o n - in v a s iv e  method f o r  

d e term in in g  the t ime o f  o v u l a t i o n  in many e x o t i c  sp e c ie s .  Such 

in fo rm at io n  has a s s i s t e d  a r t i f i c i a l  insem in at io n  and embryo 

t r a n s f e r  in non-human p r im ate s  eg. the b la c k  mangaby ( C a l l e  e t  a l . ,  

1990) and e x o t i c  u n g u la te s ,  eg. blackbuck ( H o l t  e t  a l . ,  1988) and
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suni ( L o s k u t o f f  e t  a l . ,  1990) .  Al though t h e r e  have been successful  

at tempts  to app ly  a r t i f i c i a l  bre ed in g  techniques  f o r  e x o t i c  spec ies  

w ith o u t  the endocrine  knowledge t h a t  u r i n a r y  a n a l y s i s  can pro v id e  

( S t o v e r ,  Evans and Dolensek ,  1981; D re s s e r ,  Kramer, Pope,  

Dahlhausen and B la u s e r ,  1982; D re sse r ,  1986; Summers, Shephead,  

Hodges, Kydd, Boyle and A l l e n ,  1987 ) ,  more r e l i a b l e  r e s u l t s  would 

have been o b ta in ed  i f  the r e p r o d u c t iv e  s t a t u s  o f  the animal  had 

been monitored .

I f  the measurement o f  u r i n a r y  oestrogens and 20<x-DHP a re  to be 

used to determine the exact  t ime o f  o v u l a t i o n  and thus form the  

basis f o r  the. development o f  a r t i f i c i a l  breed ing  techniques  f o r  

A f r ic a n  rh in oceroses  , i t  is  e s s e n t i a l  to  c o r r e l a t e  changes in 

u r in a r y  hormone c o n c e n t ra t io n  w i t h  o v a r ia n  even ts .  Such a 

c o r r e l a t i o n  could be o b ta in ed  by comparing the changes in l e v e l s  o f  

u r i n a r y  s t e r o i d  m e t a b o l i t e s  w i t h  the s e c r e t i o n  o f  oest rogens and 

progestagens by the ovary  i n t o  the p e r i p h e r a l  c i r c u l a t i o n .  However,  

to date th e re  has been no s a t i s f a c t o r y  method o f  c o l l e c t i n g  r e g u la r  

blood samples from rh in o cero ses  on which to  c a r r y  out  such a 

comparison. The C a p t iv e  Breeding S p e c i a l i s t  Group has encouraged  

zoo lo g ica l  c o l l e c t i o n s  in America to  co n s t ru c t  appara tus  f o r  

r e s t r a i n i n g  an imals  so t h a t  blood may be c o l l e c t e d  in the f u t u r e  

(Cumming e t  a l . ,  1990) .  By employing crushes i t  may be p o s s ib le  to  

use rea l  t ime u I t raso n o g rap h y  to i n v e s t i g a t e  o v a r ia n  dynamics and 

determine the exact  t ime o f  o v u l a t i o n  w i t h  re sp e c t  to  the endocrine  

changes th a t  may be d e te c te d  in the u r i n e .

For the female  r h in o c e ro s ,  th e r e  is  on ly  one account o f  the  

a p p l i c a t i o n  o f  a r t i f i c i a l  breed ing  techniques  in c a p t i v i t y .  

Godfrey,  Pope, D re s s e r ,  B a v i s t e r ,  Andrews and Olsen ( 1 990 )  

attempted to s u p e ro v u la te  a female  southern  w h i t e  rh in o ce ro s  w i t h  a 

view to h a r v e s t in g  embryos a f t e r  n a t u r a l  m a t in g .  However, t h i s  

experiment was unsucce ss fu l ,  perhaps a d i r e c t  consequence o f  using  

a female o f  unknown r e p r o d u c t i v e  s t a t u s .  Furtherm ore ,  w i t h o u t  a 

method f o r  m o n i to r in g  endocr ine  changes du r in g  the s u p e ro v u la t io n  

procedure,  the e f f e c t  o f  hormone analogues on o v a r ia n  f u n c t i o n  could
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not be determined .  With re sp ec t  to  the male ,  t h e r e  have been 

r e p o r t s  o f  the sucessfuI  c o l l e c t i o n  o f  semen from both In d ian  

( S c h a f f e r ,  B e e h le r ,  Jeyendran and B a lk e ,  1990) and A f r i c a n  

rh inoceroses  (Young, 1967; P l a t z ,  Seager and Bush, 1979) ,  a l though  

s t u d ie s  on c ry o p r e s e rv a t io n  a re  u r g e n t l y  needed b e fo r e  a r t i f i c i a l  

inseminat ion may become p r a c t i c a l  in t h i s  sp e c ie s .  The 

development o f  a r t i f i c i a l  insem in a t ion  in c a p t i v i t y  would enable  the  

t r a n s f e r  o f  gametes between c o u n t r i e s  w i t h o u t  the expense and r i s k  

o f  r e - l o c a t i n g  a male r h in o ce ro s  which is  p r e s e n t l y  the o n ly  method 

used to t r a n s f e r  g e n e t ic  in fo r m a t io n  w i t h i n  the c a p t i v e  p o p u la t io n  

(S h ap co t t ,  1986 ) .

N o n - in v as ive  methods o f  assessing r e p r o d u c t iv e  s t a t u s  w i l l  not  

only a id  the n a tu ra l  and a r t i f i c i a l  b reed ing  o f  rh in o ce ro se s  in 

c a p t i v i t y ,  but may a ls o  be a p p l i e d  in the w i l d .  The r a p i d l y  

in c reas in g  human p o p u la t io n ,  loss o f  h a b i t a t  and i l l e g a l  poaching in 

many o f  t h e i r  n a t i v e  c o u n t r ie s  (H i l lm a n  and M a r t i n ,  1979; M a r t in  

and V igne,  1986) ,  has led to  a r a p id  d e c l i n e  in numbers o f  w i l d  

A f r ic a n  rh inoceroses .  Both w h i t e  and b la c k  rh in oceroses  a re  now 

being moved to ranches or s a n c t u a r i e s  where they  can be e f f e c t i v e l y  

p ro te c te d  from poachers and where the h a b i t i a t  is  secure .  Southern  

w hite  rh inoceroses have been t r a n s l o c a t e d  to  s t r a t e g i c  s i t e s  w i t h i n  

South A f r i c a  ( P l a y e r ,  1967 ) ,  a l though  the p r a c t i c e  is more common 

w ith  the b lack  rh in oceros  in c o u n t r i e s  such as Kenya t h a t  have w e l l  

e s t a b l is h e d  conservat io n  programmes f o r  the spec ies  ( L e v e r ,  1990) .  

Kenya has 11 w e l l  p r o te c te d  are as  c o n t a in i n g  290 o f  the c o u n t r y ' s  

350 b lack  rh in oceroses ,  as a co n s erva t io n  p o l i c y  w i t h  the aim o f  

m a in ta in in g  and managing h e a l t h y  r h in o c ero s  p o p u la t io n s  w i t h i n  them. 

Indeed,  s ince  1986 the record  o f  bre ed in g  and s e c u r i t y  has been 

encouraging w i t h  59 b i r t h s  versus 13 dea ths ( R . A . B r e t t ,  personal  

communicat ion) .  However, a l t hough  the b la c k  rh in o c ero s  p o p u la t io n  

is now in c reas in g  in number in Kenya, the m i g r a t i o n  o f  an im als  and 

t r a n s f e r  o f  g e n e t ic  m a t e r i a l  between these p o p u la t io n s  is  

impossible .  Given t h a t  the la r g e s t  b la c k  r h in o cero s  sa n c tu a ry ,  

S o l i o ,  conta in s  only  60 an im als  inbreed in g  is  i n e v i t a b l e .  In order  

to prevent  in breeding and i n f e r t i l i t y  t h a t  may r e s u l t  w i t h i n  the
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san ctuary p o p u la t io n s ,  j u v e n i l e  males a r e  r e g u l a r l y  t r a n s l o c a t e d  

between the reserves  (Henwood, 1989; Raath and Hal 1 - M a r t in ,  1989) .  

However, the movement o f  an im als  is  expensive  and hazardous,  and 

many t r a n s lo c a t e d  males have been k i l l e d  by o l d e r  b u l l s  a t  t h e i r  

d e s t i n a t i o n .  G e n e t ic  d i v e r s i t y  could be m a in t a in e d ,  and the r i s k  

to  an imals m in imised ,  by the t r a n s f e r  o f  gametes alone  between the  

p r o te c te d  p o p u la t i o n .

The f e a s i b i l i t y  o f  c o l l e c t i n g  semen in the f i e l d  by 

e l e c t r o e j a c u l a t i o n  o f  b la c k  rh in o cero ses  du r in g  r o u t i n e  s ed a t io n  has 

been demonstrated (Howard, Bush, C o l lb y ,  de Vos and W i i d t ,  1983) .  

However, s t u d ie s  have in d ic a t e d  t h a t  semen c o l l e c t e d  by 

e l e c t r o e j a c u l a t i o n  o f  a n a e s t h a t is e d  rh in o cero ses  in c a p t i v i t y  

conta in s  very few v i a b l e  sperm (R.Kock and W .H o l t ,  personal  

communication) .  An a l t e r n a t i v e  may be to c o l l e c t  ep ididymal  sperm 

f rom deceased males.  In fo r m a t io n  on the phys io lo gy  o f  the b lack  

rh in oceros  has been gained using m a t e r i a l  c o l l e c t e d  d ur in g  p o s t 

mortem exam inat ions  in the w i l d  (Morton and Kock, 1990) and in 

c a p t i v i t y  (M c F a r Ia n e , e t  a / . ,  1990) .  I d e a l l y  both sperm and oocytes  

should be c o l l e c t e d  post mortem and s t u d i e s  c a r r i e d  out  to  

e s t a b l i s h  p r o to c o ls  f o r  c r y o p r e s e r v a t io n  o f  these gametes.  Once 

f r o z e n ,  gametes may be s to re d  u n t i l  a t ime t h a t  in  v i t r o  

m a tura t io n  and f e r t i l i z a t i o n  techn iques ,  such as those in r e g u l a r  

use in e x o t i c  f e l i d s  (Donoghue, Johnston, S e a l ,  Armstrong,  T i l s o n ,  

Wolf ,  P e t r i n i ,  Simmons, Gross and W i l d t ,  1990; M i l l e r ,  Roe lke,  

Goodrowe, Howard and W i l d t ,  1990) ,  a re  e s t a b l i s h e d  f o r  t h i s  sp e c ies .

The a p p l i c a t i o n  o f  a r t i f i c i a l  b reed in g  techniques in the w i l d  

is a study f o r  the f u t u r e .  Much work w i l l  have to  be done on the  

c a p t iv e  p o p u la t io n  b e f o r e  the f e a s i b i l i t y  o f  such a p r o j e c t  in the  

w i l d  can be dete rmined.  The measurement o f  u r i n a r y  s t e r o i d  

m e t a b o l i t e s ,  however,  may be immediate ly a p p l i e d  to  the n o n - in v a s iv e  

assessment o f  r e p r o d u c t iv e  f u n c t i o n  in w i l d  r h in o ce ro se s .  

C o l l e c t i o n  o f  u r i n e  from f r e e - r a n g i n g  an im als  has been demonstrated  

in a number o f  s t u d ie s  (Poole  e t  a i . f 1984; Chaudhuri and Ginsberg,  

1990) and a technique o f  s y r in g in g  u r i n e  despos i ted  on leaves dur ing
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r e g u l a r  t r a c k in g  o f  female and male rhinoceos on 01 Ar i  N y i r o  ranch  

in Kenya has been documented ( B r e t t  e t  a l . ,  1988) .  The p r i o r i t i e s  

f o r  long-term p ro pagat io n  o f  rh inoceroses  in the w i l d ,  w i t h  resp ect  

to the female ,  a re  easy d e t e c t i o n  o f  o e s t ru s  and pregnancy.  

R e g r e t t a b l y ,  in the m a j o r i t y  o f  cases i t  is not  p o s s ib le  to  c o l l e c t  

d a i l y  samples from w i l d  rh in o c ero s es .  T h is  makes the use o f  u r i n a r y  

20a-DHP a n a ly s i s  f o r  m o n i to r in g  o v a r ia n  f u n c t i o n  in w i l d  an imals  

d i f f i c u l t ,  e s p e c i a l l y  in the b la c k  rh in o c ero s  where a 4 day p e r io d  

o f  depressed 20a-DHP may be missed.  Pregnancy d ia gn o s is  is however 

p o s s ib le  and p r e l i m i n a r y  da ta  suggests t h a t  the measurement o f  PdG 

may be useful  in the d e t e c t i o n  o f  mid-1 a t e  pregnancy in f r e e  ranging  

females .  B r e t t  e t  a l .  ( 1 9 8 8 )  re p o r te d  t h a t  known non-pregnant  

females in the w i l d  had low u r i n a r y  PdG l e v e l s  s i m i l a r  to  those in 

c a p t i v i t y .  During the course o f  t h i s  s tudy ,  i t  was p o s s ib le  to  

c o l l e c t  u r in e  samples from a f r e e - r a n g i n g  female  who was known to be 

in the l a t e  stages o f  pregnancy.  F ig u re  6 . 2  shows the PdG l e v e l s  in 

t h i s  female ,  which were c l e a r l y  e le v a t e d  above those seen in non

pregnant  an im als .  Al though t h i s  da ta  p e r t a i n s  to a s i n g l e  a n im a l ,  

i t  represents  the f i r s t  da ta  on n o n - in v a s iv e  assessment o f  

r e p ro d u c t iv e  s t a t u s  o f  a w i l d  A f r i c a n  rh in o c e r o s ,  and demonstrates  

the f e a s i b i l i t y  o f  t h i s  work f o r  a p p l i c a t i o n  in the f i e l d .

The p r i n c i p l e  behind pregnancy d iag n o s is  in A f r i c a n  rh in o cero s  

is the apparent  s h i f t  in e x c r e t i o n  o f  p rogestero ne  metabol ism from  

20o-DHP to PdG. Although the t ime a t  which PdG becomes the major  

progesterone m e t a b o l i t e  v a r i e s  between b lack  and w h i t e  rh in o ce ro s es ,  

the presence o f  e le v a t e d  l e v e l s  o f  PdG i n d ic a t e s  the presence o f  a 

conceptus in both s p e c ie s .  However, the measurement o f  PdG by 

immunoassay is not s u f f i c i e n t  ev idence o f  pregnancy as low le v e l s  o f  

PdG immunoreact iv i ty  a re  measurable d u r in g  the o v a r ia n  cyc le  in both  

spec ie s .  HPLC r e s u l t s  in t h i s  t h e s i s  have shown t h a t  t h i s  

immunoreact iv i ty  is not  PdG i t s e l f ,  but  is due to  the cross r e a c t i o n  

o f  another  substance w i t h  the PdG a n t is e ru m .  I f  t h i s  substance  

could be e f f i c i e n t l y  removed from the u r i n e  eg. by chromatography,  

the measurement o f  PdG by EIA in a s i n g l e  u r i n e
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Figure  6 . 2 .  L e v e ls  o f  immunoreact ive PdG in u r i n e  samples from  

pregnant  and non-pregnant  b la c k  rh ino c ero se s  in c a p t i v i t y  and in the  

w i l d .

U r in e  samples were c o l l e c t e d  from l a t e  pregnant  (25 samples 

9 an im als )  and non-pregnant  (40  samples from 8 an im a ls )  b lack  

rh inoceroses in c a p t i v i t y ,  i e .  in z o o lo g ic a l  c o l l e c t i o n s .  Samples 

from non-pregnant  an imals (21 samples from 3 an im a ls )  and a s i n g l e  

late pregnant  female (8  samples)  were c o l l e c t e d  in the f i e l d ,  ie .  

from f r e e - r a n g i n g  b lack  rh in o ceros es .
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samples would pro v id e  a d ia g n os is  o f  pregnancy in A f r i c a n  

rh i noceroses .

Such random checks would be usefu l  in d e t e c t i n g  pregnancy from  

an e a r l y  stage in the b la c k  rh in o ce ro s  as t h i s  study  has shown t h a t  

PdG is excre te d  soon a f t e r  co ncept ion .  In the w h i te  rh in o c e r o s ,  

the measurement o f  PdG would o n ly  be usefu l  in the  d e t e c t i o n  o f  m id-  

l a t e  pregnancy as PdG is not  d e t e c t a b l e  in the u r i n e  u n t i l  6 months 

a f t e r  concept ion .  Th is  is a s i m i l a r  s i t u a t i o n  to  t h a t  seen in the  

horse (C legg,  Boda and Co le ,  1954) and i t  would be i n t e r e s t i n g  to  

look f o r  a l u t e o t r o p h i c  f a c t o r ,  p o s s ib ly  a c h o r i o n i c  gonadotrophin  

t h a t  may be measured in the u r i n e  d u r in g  e a r l y  pregnancy,  p o s s ib ly  

by b i o l o g i c a l  assay.  A f r i c a n  spec ies  o f  rh in o cero ses  may a ls o  

produce the pregnancy s p e c i f i c  oes trogens ,  e q u i l i n  and e q u i l e n i n ,  

as in the mare ( A l l e n ,  1970) and measurement o f  these compounds in 

u r in e  may be useful  in the d e t e c t i o n  o f  e a r l y  g e s t a t i o n .

There a re  a number o f  o th e r  methods f o r  the d ia g n o s is  o f  

pregnancy in ungula tes  which could  be a p p l i e d  to  r h in o ce ro s  s p e c ies .  

F i r s t l y ,  i t  is p o s s ib le  to  diagnose pregnancy in equids by the  

measurement o f  oestrone  co n ju gates  in u r i n e ,  both in c a p t i v i t y  

(Evans, Kasman, Hughes, Couto and L a s l e y ,  1984; Czeka la  e t  a l . ,

1990) and in the w i l d  ( K i r k p a t r i c k  e t  a l . ,  1 988 ) .  An increase  in 

s e c r e t io n  o f  oest rogens in to  the  c i r c u l a t i o n  around 120 days a f t e r  

concept ion in the mare (H i l lm a n  and Loy,  1975) is  d e t e c t a b l e  in the  

u r in e  and has formed the b a s is  f o r  s imple  c l i n i c a l  pregnancy t e s t s  

such as the Cuboni t e s t  (Cox,  1971) .  The Cuboni t e s t  r e l i e s  upon 

the development o f  a green f lu o r e s c e n c e  produced when an e x t r a c t  o f  

hydrolysed u r i n e  is heated w i t h  s u lp h u r i c  a c i d ,  and has been a p p l i e d  

to  other  ungula tes in c lu d in g  the camel (Ghannam, Azab and Sawae, 

1974) . In the b lac k  r h in o c e r o s ,  con jugated  oes t rone  is p rese n t  in 

the u r in e  dur in g  the f o l l i c u l a r  phase o f  the o v a r ia n  c y c le  and 

throughout pregnancy,  so such methods may have l i t t l e  a p p l i c a t i o n  in 

t h i s  s p ec ies .  However, in the  w h i t e  r h in o cero s  an increase  in 

le ve ls  o f  oestrone  in hydro lysed  u r in e  have been shown 4 months 

a f t e r  concept ion ,  as in the horse,  so the measurement o f  oes trone



337

conjugates may be a c c u ra te  in d e t e c t i n g  pregnancy in the w h i te  

r h in o ceros .

S i m i l a r l y ,  the increase  in c i r c u l a t i n g  oest rogens d ur in g  

pregnancy in the horse is  r e f l e c t e d  in the measurement o f  t o t a l  

oestrogens in the faeces  (Bamberg e t  a l . ,  1984; Bamberg e t  a l . ,  

1986a) .  In a d d i t i o n ,  the measurement o f  t o t a l  oestrogens,  using the  

EIA o f  Mostl et  a l . ,  ( 1 9 8 7 ) ,  has enabled the d e t e c t i o n  o f

pregnancy in a v a r i e t y  o f  non-human p r im ates  (Bamberg e t  a l . ,  1988 ) ,  

domestic (Choi e t  a l . ,  1987) and e x o t i c  ungu la tes  (Safai— Hermann e t  

a l . ,  1987) .  The r e s u l t s  o f  the metabol ism study in chap ter  3 o f  

t h i s  th e s is  in d ic a te d  t h a t  the m a j o r i t y  o f  exogenously ad m in is te r e d  

l 4 C - l a b e l l e d  o e s t r a d i o I -170  was ex c re te d  v i a  the faeces  in the  

w h i te  rh in o cero s .  The oes trogens in the faeces  were i d e n t i f i e d  as 

the 17a- and 17&-isomers o f  o e s t r a d i o l ,  and the combined measurement  

o f  these oestrogens may be use fu l  in d e t e c t i n g  pregnancy in the

w h i te  rh in o ce ro s .  A l t e r n a t i v e l y ,  the p r o p o r t io n  o f  d i f f e r e n t  

oestrogens in the faeces  may a l t e r  a f t e r  concept io n ,  and the  

measurement o f  a s p e c i f i c  f a e c a l  oes trogen may in d i c a t e  the  presence  

o f  a conceptus in A f r i c a n  rh in o c e ro s e s .  As faeces  is e a s i e r  to

c o l l e c t  than u r in e  in a f i e l d  s i t u a t i o n ,  a pregnancy t e s t  based upon 

the measurement o f  fae c a l  oest rogens  could have wide a p p l i c a t i o n  f o r  

f r e e - r a n g i n g  an im a ls .  T h e r e f o r e ,  s t u d i e s  a re  needed to  i d e n t i f y  the  

major oestrogens in the faeces  o f  the b lack  and w h i t e  rh in o cero ses  

dur in g  n a tu ra l  o va r ian  cyc le s  and pregnancy.

As a r e s u l t s  o f  the work presented  in t h i s  t h e s i s ,  methods f o r  

m oni tor ing  o v a r ia n  f u n c t i o n  and d e t e c t i n g  pregnancy in the b la c k  and 

w h i te  rh inocero s  a re  now a v a i l a b l e  based on s e n s i t i v e  immunoassay 

procedures.  A n a t u r a l  p ro gress io n  would be to  s i m p l i f y  the assays  

f o r  use in zoos and in the f i e l d ,  to  be c a r r i e d  out  by non-sk i  I led 

personnel .  Wanjohi (1 9 8 8 )  descibed the use o f  a p o r t a b l e  p l a t e  

reader  to measure the co lour  change a s s o c ia te d  w i t h  the end p o in t  

o f  the PdG EIA.  Such equipment is  inexpens ive  and s u f f i c i e n t l y

robust  to be used under f i e l d  c o n d i t io n s .  There a re  a ls o  commercial  

k i t s  f o r  the d e t e c t io n  o f  PdG and oestrone  co n ju gates  (Bahar ,  1988)
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k i t s  f o r  the d e t e c t i o n  o f  PdG and o es t rone  con jugate s  (B ahar,  1988)  

which may be usefu l  in pregnancy d e t e c t i o n  in b la c k  and w h i te  

rh in o cero ses .  Al though d i r e c t  assays f o r  conjugated  s t e r o i d s  may be 

s i m p l i f i e d  f o r  use in the f i e l d ,  the novel assay f o r  20oc-DHP could  

not be used in a poor ly  equipped la b o r a t o r y  because o f  the need f o r  

h y d r o ly s is  and e x t r a c t i o n  o f  the u r i n e .  I t  would t h e r e f o r e  be 

i n t e r e s t i n g  to  develop a d i r e c t  assay f o r  20ot-DHP co n ju g ates .  

However, the r e s u l t s  o f  the s e q u e n t ia l  h y d r o l y s i s  o f  u r in e  from  

b lack  and w h i t e  rh inocero ses in d i c a t e d  spec ie s  d i f f e r e n c e s  in the  

con ju gat io n  o f  20a-DHP. The b lack  rh in o cero s  was found to  e x c r e t e  

20a-DHP-g Iucuronide w h i l s t  in the w h i te  r h in o cero s  20a-DHP was 

predominant ly  conjugated to a s u lp h a te  moiety . A d i r e c t  assay f o r  

20a-DHP conjugates would t h e r f o r e  need to  be n o n - s p e c i f i c  f o r  

gIucuronid e  and su lphate  conjugates to  be a p p l i e d  to  m o n i to r in g  

o var ia n  f u n c t i o n  in both species o f  A f r i c a n  rh in o c e ro s e s .

In conc lu s io n ,  t h i s  study has prov ided  v a l u a b l e  in fo rm a t io n  on 

the e x c r e t i o n  o f  o var ian  s t e r o i d  hormone m e t a b o l i t e s  in the A f r i c a n  

species o f  rh in o cero s .  The methods o f  m o n i t o r in g  o v a r ia n  f u n c t i o n ^  

which have r e s u l t e d  from the i n v e s t i g a t i o n  o f  s t e r o i d  hormone 

metabolism and e x c r e t i o n  in these sp e c ie s ,  may be a p p l i e d  to  the  

management o f  n a tu ra l  breed ing o f  A f r i c a n  rh in oc ero ses  in c a p t i v i t y  

and may a l l o w  the development and a p p l i c a t i o n  o f  r e p r o d u c t iv e  

techniques f o r  a r t i f i c i a l  ( a s s i s t e d )  b re e d in g .  Methods f o r  

assessing r e p ro d u c t iv e  s t a t u s  may a ls o  be a p p l i e d  to  r e p r o d u c t iv e  

s tu d ie s  and g e n e t i c  management o f  smal l  p o p u la t io n s  o f  A f r i c a n  

rh inoceroses in the w i l d .
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Append i x

Assay b u f fe r s

(pH 5 - 0 )  
27*00  g 
12*00 g

1*00 1

H y d ro ly s is  b u f f e r  
sodium a c e ta te  
a c e t i c  a c id  (99X)  
de io n ised  
d i s t i I  led water

Phosphate b u f fe re d s a 1i ne Cf
Na2HP04 17*20 9
NaH2P04 . H2 O 12*16 9
NaCI 18*00 9
m e th io la te
( t h in e r o s a l ) 0 *20 9
de io n ised
di s t  i 1 1 ed water 1*00 1

P h o s p h a te -a z id e -s a I in e  (PAS) gel b u f f e r  (pH 7 * 0 )
KH2 PO4  4 *4 2  g
Na2HP04.12H20 24 *16  g
NaCI 9 *0 0  g
g e la t in  1*00 g
NaN3 1■00 g
de io n ised
d i s t i l l e d  w ater 1*00 I

T r i s  assay b u f f e r  (pH 7 * 5 )  
t r  i shydroxy-
aminomethane 2 *4 2  g
NaCI 17*52 g
BSA ( f r a c t i o n  V ) 1*00 g
tween 80 1*00 ml
de i on i sed
d i s t i l l e d  w ater 1*00 I

WHO b u f f e r  (pH 7 * 2 )
Na2HP04. 1 2 H2 0 146 .25 9
Na2HP04.2H20 15*30 9
NaCI 44*00 9
NaNs 0*50 9
g e la t in 5 *00 9
d e io n is e d
d i s t i 1 led water 1*00 1



Low s a l t  b u f f e r  (pH 7 * 0 )
NaH2P04.2H20 3 0 *4 4  g
Na2HPO4 . 12H20 109*25 g
NaN3 0 * 50 g
g e la t i n  5 *0 0  g
d e io n ised
d i s t i l l e d  w ater  1*00 I

T r i c in e  b u f fe r e d  s a l in e  (pH 7 * 0 )  
t r i c i n e  17*90 g
NaCI 9 *0 0  g
m e th io la te
( t h im e r o s a l )  0 *1 0  g
g e la t in  1 *00 g
d e io n ised
d i s t i l l e d  w ater  1*00 I

D ie thano lam ine  b u f f e r  (pH 9 * 8 )  
d ie th a n o l amine 105*10 g
MgCl2  0 *1 0  g
NaN3 1 * 00 g
d e io n ised
d i s t i l l e d  w ater  1*00 I

C oating  b u f f e r  (pH 9 * 6 )
Na2C03 1*59 g
NaHC03 2*93  g
d e io n ised
d i s t i l l e d  w ater  1*00 I

S to rage  b u f f e r  (pH 7 * 5 )  
t r  i shydroxy-
ami nomethane 3 *1 6  g
NaCI 23*30  g
BSA ( f r a c t i o n  V ) 13*00 g
NaN3 1 * 30 g
d e io n ised
d i s t i l l e d  w a te r  1*00 I

HRP S u b s tra te  b u f f e r  (pH 5 * 0 )  
c i t r i c  a c id  21*01 g
tween 80 1*00 ml
de i on i sed
d i s t i l l e d  w a te r  1*00 I


