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VITAMIN E DEFICIENCY IN

CAPTIVE ELEPHANTS & RHINOCEROSES

Tuhin Chakraborty'

Vitamin E deliciency syndrome has been waell established
in domestic animals since the early 1900s andthis vitamin has
been recognised as a health problem in captive aexotic
spacies for more than 50 years (Dierenleld, 1989). Litlle
intormation is available concearning the levaels of vilamin E In
wild animals in captivity, their requirements orits degree ol
physiological imporance. in domeslic animals, deliciency of
this vilamin has been associaled with myoaegeneralive
disorder and cardiomyopathy (Blaxter,1962; Vanvlest &
Ruth, 1977), as well as Impaired reproductive capachy
(Trinder et al.,1986) and naervous syslemdisorders (Muller et
al; 1983, Nalson 1980). Vilamin E may also play a role In the
immune response lo Inlection and in Prostaglandin
synthasts (Lipinski and Machlin, 1981,Stuan,1882).

But the patholegles in wild animals are various and there is
great spacies difference in ulilisation of dietary vitamin E. fts
ellects and pathology. There are lew reponis of vit E
deliciency manifestation of wild species whixh Include
cardiomyopathy in Camels (Finlayson ot al.,1971; and Nyla
Liv et al., 1982) and myodegenaralive disorgers in rumi-
nants (Wallach, 1970) Pathology consistent with Vit E
delciency has asio been reported In cases ol capture
myopathy in elephant (Dierenleid 1989), Actuaicauso of Vit
E deliciency in caplive wild animais are vanous andthaero ls
great variation in physiology &pecies Individuainy of vit E
absorplion as wall as diet supplied tothem. lthas beon lound
that even prolonged vitamin E supplement to anmmals can
show low level o! plasma tocopherol. There are saveral
forms of vitamin E available as feod susptementis for
animals. Bul itls very important 1o be sure wnich torms ol
viiamin E available as feed supplemantalion with D.L a loco-
pheryl acelale in good guaiity has been proved tobe unsuc-
cessiul loraise the locopherol tevel of plasma i elophants

and black rhinoceroses (Diarnleld & Dolensex. 1988, Lewls
and Kirkwood 1990).

In this context, the etlology and pathophysialogy of Vit E
deliciancy in elephants and rhinoceroses are g:scussed. A
Inal has also been madse towards supplementalicn of vitamin
E 10 Asian elephant.

MATERIALS & METHODS FOR VITAMIN E ESTIMATION
Vitamin E has bacoma synonymous with the mos? aclive form
a locopherol andits esters in most cases. Butm naturalfoods
and {eeds, addilion to alpha, bata, gamma ana deiia tocophe-
rol, are found to have some Vitamin E activity.

The vitamin E is usually available in the farm of DL a
tocopheryl acetale (lw/g), D a tocopheryl polyethylene
glycol succinate TPGS, 20% solution in waler, 77.4 lwvml, Da
locopheryl oil (l/g) D a tocopheryl acetate in oil or water
dispersibla solid. The D,L forms of vitaminE ara mixture of
eight slereoisomer and are produced synthatically and Da
locopheryl is a single stareoisomer derived from natural

sources and modified chemically to produce lts esters. The
TPGS Is prepared by esteritication ol polyethylene glycol
1000 to the acid group to the Dalocopheryl succinate This
waxy solid can ba dissolved in waler to formupto 20% solution
{Weight basis).

Blood samplas are taken usually by catheterizing an acces-
sible ear vein and aspirating in a disposable syringe. The
samples arethen translerrerd Into a tube and sent to
velerinary invastigalion service ol the Ministry of Agriculture,
Fisheries & Food for plasma tocopheryi estimation. The
blood samples arecollected for plasma atocopheryl bacause
circulalory blood concentralion rellect the amount absorbed
inthe gut (Machlin, 1980). But tocopherol ievel in the liver
Is a more accurale indicator ol vit E statusthaninthe plar .2
though It Is very diflicult 10 gel sample in case of Ive and
especially targe animals (Blood at al, 1983). Also VA E levels
In ussues other than blood have notbeenstudied in most zoc
spectes. It has also been established that nochanges occu
on long storage ol plasma at ltemperature below -70'C.

FACTORS CAUSING VITAMIN E DEFICIENCY

Primary vitamin E delkiency occurs most commonly whon
animals ara fed on Infenor quality hay or straw and on root
crops. Coroal grats, grean pasture and well cured trosh hay
contaln adequale amounts of vitamin. Higher serum tocophe-
rol has beon soen in new bom caives born from an indwidual
1ed on grasssilagothaninthose borntromcows ted the same
grass as hayandalso from animalsfedon high moisture grain
which was treaied with propionic acld as a method of inexpon-
sive storage and for prolecilon from fungai inigction {Allan
1975). Marked decrease of the vitamin E concentration has
also bean observed in case of acid trealed grains with an
increase in the lavels ol paroxides of tal whichis consistont
with a loss of naturally occunng antioxidan! like tocopherol.

Though vit E doficiency of tarm animals Is dua to vil E deficient
diel, the cause of the deliciency In captive wild animals diflers
1o a greal exient. 1l has been lound that vil E supplement in
the lorm of atocopheryi acatale {alls 1o meel the vi E demand
in some animals like rhinoceroses and blephants. The formin
which vit E supplement Is to be given differs in different
spocies. Hidiroglou et al, (1988) compared the natural and
synthatic formol a tocopherolincatila. While allexperimental
catile received 1000 lwday and similar circulating lovels woulc
be expected but the circulating levels were highar with
natural form. In addition the a tocopherd form produced
higher Iincrease over acetale form

In practical feeding. the non alpha tocopherols are assigned
2aro lu value and are notincluded in feed supplement because
of theirtow activity In rat fetal resorption and other bioassay
in comparision 10 atocopherol. In vitro gamma tocopherol Is
found 10 be more active than alpha and 1here is evidence thal
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the gamma ls absorbed that may have a sparing efect
on the alpha (Machlin,1980; Traber and kayden, 1989).

Many physiological factors are also responsible for vit €
absorption and that Is why lu valua does not predict the
absorption of various forms by ditfarent species. il Is Impor-
tantto note that in general, vit £ absomtion is poor ranging
rom20-40% (Papas et al., 1989). A variely of lactors such
as billary and pancreatic secretions influence the vit E ab-
sorption (Sokol et al,1987). This may be a factor In
elephants and rhinoceroses especially as thay have no
gall bladder {Reuther, 1977) and absence o! bile acid
which may result In Incomplete emulsification.

The dietary items which are rich In unsaturated fatty acids
such as cod liver ail, other fish oil, fishmeal, used as a
protain concentrate, linseed, soyabean, corn oil have been
foundto causa destruction of vitamin and thus Increasing
the dietary raquiremeant of vitamin E.

Micro-organisms also play an imponant role in vtamin E
absorpuion., These micro-crganisms inthe gut of animals
may causa dagradauon of Lhis vitamin belare absorption,
Aldarson ot al .(1971) reported a high degree of vit E in the
rumen Increasing with large concontrate foeding.

. Inadequate dletary fat may limit vitamin E absorption,
theroby Increasing roquiremants.

NORMAL a TOCOPHEROL LEVEL IN BLOOD

Clrculation level ot vitamin E In wild black rhinoceros has
been found 1o be 0.77+/- 0,05 pg/ml, much higher than In
captiva rhinacoroses which was foundio be 0,18+/- 0.03
pg/mi.  However there is no Informatlon available about
vitamin € status of blood In Indlan Rhino. The black and
indian rhinocorosas are more prone (o this deticloncy. The
lovel of a loccphorol observed howaver for caplive
elaphants and black rhinocoroses were signflcantly lower
than those reoorted for other spacies In captivity (Brusn &
Anderson, 1986, Dierenfeld 1989),

In these speciss, the deflciency seemed to be causaed by
physiological lactors In tat metabolism. Mean plasma lgvel
of atocopherol In healthy animals are highly dependent
upon blood lipid levels. It has been seen that shrubs
preferrad by biack rhino usually contain 25% crude fat as
well as higher tocopherol content than grasses or dried
forages and pellets commonly fed captive animals. Vitamin
E concentration intissues also may have animportant role
In the deflciency of this vitamin. Tha circulating tevel of vit
E In Alrican elephant has been {ound 1o be .80 ug per mi.
The mean serum or plasma level of a locopherol and
cholesteral are presentedin Table-1. There are lew reports
available In those, where vilamin E daficisncy can cause
death (Papas ef al, 1991) .

CLINICAL SIGNS AND PATHOLOGY

Though  neurologic abnormmalitles l.a. degensrative
myoencephalooathy are very comman clinical manifestation
ol vit E deliciency In horse, It Is not commonly observed In
elepnant crrrincceroses. Clinical and pathological tindings

have baan reporied In captive zebras (Montable st al, 1974) and
Przawalskl horse (Llu of al 1983). Skalelal muscle daganara-
tlon due to vitamin E deliclancy has baen reported In alaphant
dua to vitamin E deliciancy but musclo tlssus a tocopherol
level were nol reporied (Papas er al,1989, 1991), The
changes noled Included acute and chronic severs rhab-
domyolysis of skeletal muscle in the hind leg and mild acute
degeneration of heart musclas.

Cardiomyopathy resembling “Mulbery heart disease” of
swine has been reported In Asian elephant by Dlerenfeld &
Dolansek (1968), The vitamin € concentration in blood was
found 0.26 pg/ml and it was 0.64 ug/g In the liver. The liver
concantration was considered below normal (10 na/g % as
compared 1o equine liver). The pathology Included micro-
angiopathy, edema, liver necrosis and steatitls.

The microscopic and histological appearance of the muscla
lesion is quite constant but their distribution varies widely in
dilerent animals. Affacted group of skeletal muscles are
always bilaterally symmetrical. In skeletal muscie the dia-
phragm, there are localised white or graysh areas of degenera-
tlon which have an appearancae of fIsh flash. In cases of
myocardial Involvement, white araas of degenaration are
usually visible under endocardlum.

TRIALS ON VITAMIN E

The eticlogy of vitamin E deliclency as discussed earller are
vaned and several efforis have been made to supplement an
adequate quantity of tocopherol 1o ralse the normal blood
levels in elephant and rhino especially, Black and Indlan
rhinoceroses are browsers and grazers respeciively. For this
reason, vitamin E dellctency Is common in thase animals In
captivity, though elephant are also equally aftected.

In London zoo, atrialwas made lo supplement vIt E In the form
of atocopherol acetale with an amount of 12500 |U/day, apart
from normal dlet consisting of vegetables, concentrate and
forage. After eight months supplamentation, no signiflcant

Incraase in plasma vit E was observed. (Lewis & Kirkwood,
1990).

In the case of elephant (both Aslan and African) the same
results were obtalned after supplementation with D L @ toco-
pherol acetate at 1.5-2.0 1U/Kg bodyweight for 9 months. The
D a tocophérol acetate In oil form at a high dose aiso falled to
Increase a tocopherol level in blood (Papas et al., 1991)

It has bsen shown that instead of « tocopherol acstate, D «
tocephery! poly ethylene glycot 1000 succinate (TPGS)Istobe
given then a tocopherol levei of plasma can easily be ralsed.

In a study of TPGS supplementation to black rhinoceroses I
was observedthat plasma a tocopherol was eleveated after 13
days of supplarnentation to 3.9, mg/it (Kickwood st al, 1991),
In anather study It has bean seen that TPGS supplernaniation
elovated the a tocopharol laval In plasma within a very shon
tima [n black rhino and captive elephant. In elephant TPGS
Incraased tho plasma a  tocopherol level 1o 0.4 pugfmi
Immediately after supplementation and did not return lo base
line atter withdrawal of the supplementation, From rasearch

ZCAT PRINT

NOVEMBER 1993

578



work in Whipsnada Wild Animal Park, two Aslan elephant
were provided with 13500 IU TPGS which showed very good
rellaction of a. tocopherol level in blood 3.75 ug/lit. The sup-
plementalion was continued for six months. The Initial
elevation of atocopherol level was (ollowed by decrement
and maintained a standard lavel 2-3 ug/lit alter 60 days. In
contras! to lat soluble and water dispersible forms, TPGS
does not require biliary sacretion, ie bile acid for

solubilisalion and absorption (Sokol et al., 1987, Traber et.al,,
1986).

CONCLUSION .

1. There are great diflerences in the absorption and
utilisation of vilamin E in different spacies. So selection
of vit E supplamentation should be done on the basis
of bloavailability to animal species.

2. Elephants andblack rhinoceroses absorb {at soluble forms

of D L atocopherol acstate, D a tocophaerol poorly. In.

contrast TPGS Is readily absorbed.

3. These findings explain the parsistently fow clrculating
blood a tocophero! in captive elephant and black rhino

daspita ol dietary supplementation of D L a tocopherol
acelate.

4. Soma evidence exists that hypovitaminosis E in ele-
phants may resullin myodegeneration of both skeletal and

heant muscles and Is suspected in hemolytic anemia in
black rhino.

5. Researchis needed o determine if similar peculiarities of
vit E metabolism exist in (he Indian rhino.
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i Table -1
Mean serum or palsma tocopherol (E) and cholesterol In elephant rhinoceros.
A Elephant Tocopharol Cholesterol
pg/mi mg/ml
1 Captive\
(Asian&African) 0.4 0.62
2 Free ranging{Alrican) 0.8 0.69
B Rhinoceros
1 Captive
(3 species) 0.4 0.79
2 Free ranging
{black rhino) 0.6
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