IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

Analysis of 3,11-dihydroxy-CM profile for the indicator of stress on male
Javan rhinoceros

To cite this article: A R S Hariyadi et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 399 012066

View the article online for updates and enhancements.

This content was downloaded from IP address 212.63.120.113 on 21/02/2020 at 08:44


https://doi.org/10.1088/1755-1315/399/1/012066

ISenREM 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 399 (2019) 012066  doi:10.1088/1755-1315/399/1/012066

Analysis of 3a,11B-dihydroxy-CM profile for the indicator of
stress on male Javan rhinoceros

A R S Hariyadi'*, D Sajuthi?, D A Astuti’, H Maheswari? and H S Alikodra®

'PT. Hatfield Indonesia, J1. Ir. H. Juanda No 18, Bogor — Indonesia

2 Faculty of Veterinary Medicine, IPB University, JI. Agatis Kampus IPB Darmaga
Bogor — Indonesia

3 Faculty of Forestry, IPB University, JI. Ulin Lingkar Akademik Kampus IPB Darmaga
Bogor — Indonesia

E-mail: adhi@hatfieldgroup.com

Abstract. A study on Javan rhinoceros (Rhinoceros sondaicus) in Ujung Kulon National Park,
Banten was done to monitor the levels of stress in their natural habitat. The study found that
glucocorticoid hormone metabolite 3a,11p-dihydroxy-CM from feces was suitable for indicating
the levels of stress in Javan rhino. The assessment was done to study stress variations among
the three rhinoceros that had different levels of feed intake, as well as to study variations of stress
levels in dry and rainy seasons. The result from this study showed that there were fluctuations of
3a,11B-dihydroxy-CM levels in two of the three rhinoceros. These fluctuations reflect the levels
of stress associated with energy intake deficit (energy intake per body weight) and water deficit.
This research shows that the deficit in energy intake per body weight, and water limitation are
among the biggest sources of stress for rhino population. Stress originating from deficit of
nutrients from food plan can be overcome by enriching the habitat of the Javan rhinoceros with
high nutrient food plants such as stink vine (Paederiascandens), blackboard tree
(Alstoniascholaris), and wild ginger (Costusspeciosus). Stress originating from water deficit can
be mitigated by opening tracks and ensuring access to permanent year-round water sources.
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1. Introduction

1.1. Individual Mechanisms and Responses on Stress
As in other mammal species, Javan rhinoceros’ (Rhinoceros sondaicus) encounter conditions in their
natural habitat that will directly or indirectly influence their physiological functions. Conditions that
may cause an imbalance in the physiological functions are defined as a source of stress, or stressors [1].
Javan rhinoceros physiology responds to the stress through mechanisms involving neural signal
transmission, endocrine system, as well as physiological adaptations. These processes are part of the
stress response mechanism to maintain physiological balance (homeostasis) and are primarily controlled
by the hypothalamus.

Mammals are able to respond to a variety of stressors from their external environment as well as
from internal sources. Physical receptors on the rhinoceros’ body surface can send signals to the pain
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center in the brain that relay stress signals to the hypothalamus [2]. Internally, chemical receptors can
detect physiological changes such as blood composition (e.g., hypoglycemia, toxins) and nutritional
composition, and send stress signals to the hypothalamus [3]. Upon reaching the hypothalamus, stress
signals induce secretion of stress hormones such as adrenalin and cortisol. The stress response will also
depend on the type of stress (acute or chronic). Stress response mechanisms may also be associated with
changes of behavior, mediated by neuroendocrine processes involving signal transmission within the
nervous system. This eventually leads to hormone secretion as well. Changes in behavior are part of an
organism's “stress avoidance” strategy that allows animals to detect and avoid potential stressors [4].
Biochemical pathways in sending stress signals in mammals are summarised in Figure 1.
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Figure 1. The biochemical process as a mammalian mechanism for responding to stress (source: Coenen
2005).

1.2. Definition of Stress

Acute, short-term stress is defined as a single pressure that is normally responded with a fight-or-flight
response mediated by the sympathetic nervous system [4]. Chronic stress is defined as a long-term or
repeated stress over time [5]. Both acute and chronic stresses stimulated hypothalamus activity that
resulted in the increase of adrenal cortex activity, and increased glucocorticoid hormone secretion[6]in
many animals, including rhinoceroses [7,8].
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Chronic stress may occur due to the conditions faced by the Javan rhinoceros in their habitat in Ujung
Kulon National Park. Food and water deficits may contribute to stress during the dry season. Climate
change is anticipated to exacerbate stresses experienced by the Javan rhinoceros during the dry season
by decreasing the availability of water sources [9].

1.3. Stress Hormone and Its Metabolites

Concentration of stress hormones from glucocorticoid groups have been widely used as indicators of
stress levels in animals such as dogs [10], carnivores (Himalayan black bear, sloth bear, domestic cat,
cheetah, clouded leopard, black-footed ferret, slender-tailed meerkat, and red wolf) [11], water buffalo
[12], rodents [13], and cows [14]. Cortisol is a stress hormone produced by the adrenal cortex of the
adrenal gland and is excreted through feces or urine after its use in gluconeogenesis and lipolysis (See
Figure 1) and therefore stress levels can also be measured from the concentrations of the hormone
metabolites excreted through an animal's feces and/or urine. Glucocorticoid hormone metabolites such
as androstenediol increase in parallel with an increase of stress experienced by the animal due to
increased adrenal cortex activity [6]. However, there is a possibility that the excreted metabolite has
experienced inactivation where metabolic conversion, conjugation, and reduction occur. Therefore,
methods for detecting the metabolite concentration need to ensure that, despite the inactivation, the
metabolite still has a positive correlation with the actual blood concentration of cortisol or corticosterone
[15]. A cortisol metabolite commonly used as an indicator of stress in animals is 3a,11p-dihydroxy-CM
[16].

2. Research Objectives

This research was designed to test the hypothesis that stress hormone metabolite from a fecal sample of
Javan rhinoceros can be used as an indicator for stress level, based on the glucocorticoid profiles.
Considering the potential use of glucocorticoid from fecal sample, and the needs to monitor the stress
level among individual Javan rhinoceros, this research was designed to achieve the following objectives:

Identifying potential indicators for stress hormone glucocorticoid from feces of Javan rhinoceros;
e Examining the characteristics of glucocorticoid profile extracted from a fecal sample of Javan
rhinoceros; and
e Analyzing the correlation of stressors (i.e., water deficit) with glucocorticoid profile extracted
from feces of Javan rhinoceros.

3. Methods

3.1. Sample Javan Rhinoceros
Two adult males and one young male Javan rhinoceros were selected for this research, as they had been
involved in the nutrition study [17].

3.2. Defining Stressors in the Habitat of Javan Rhinoceros

Sources of stress in the natural habitat of Javan rhinoceros in Ujung Kulon National Park were primarily
originated from two factors, consisting of food intake (nutrition), and water availability. Food intake
measured as protein, fat, and energy did not show significant variation among the sample rhinos [17],
so water availability was selected as a stressor that would provide a more obvious stress response. Water
availability was represented in the dry and wet seasons, which were differentiated by low and high rain
occurrences, respectively. The number of days with rain (rain occurrences) were recorded every month
throughout the research period from October 2009 to April 2010.

3.3. Defining Criteria of Fecal Samples
Hormone measurement and assessment needed to rely on the glucocorticoid from the fecal sample. This
assessment was done using hormone assessment from a fecal sample [18], as performed on wild dog
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species. The same concept was applicable for Javan rhinoceros with fecal samples that were in relatively
fresh condition (ideally within 24 hours, but no more than 30 hours after excretion). Fresh fecal samples
should be in ball shapes (bolus) and had a greenish-brown color with moisture (mucous) on the surface.
Additionally, the fresh fecal samples were still surrounded by flies.

3.4. Collection of Fecal Samples

To ensure fresh sample collection, individual Javan rhinoceros were followed at a safe distance
throughout the observation period (October to January). Any feces found during the collection period
were immediately collected. Five grams of feces sample were collected using a wooden spoon and was
placed in a 50-ml plastic vial. The sample was fixed by immersing it in 25 ml of 90% ethanol (technical
grade). The samples were sent to Rehabilitation and Reproduction Unit Laboratory at Bogor Agriculture
University, where they are stored in the freezer at a temperature of -20 °C.

3.5. Selection of Hormone Metabolites from Fecal Samples

Hormone assay was done using enzyme immunoassay (EIA) kits for cortisol (DRG Germany),
corticosterone (CUSABIO, China), and 3a, 11B-dihydroxyetiocholanolone (3a,11p-dihydroxy-CM)
developed by German Primate Centre di Gottingen, Germany. The hormone assay was done at
Rehabilitation and Reproduction Unit Laboratory, Bogor Agriculture University. The parallelism test
was conducted as a standard procedure for determining the consistency of antigen-antibody bonds
provided within each EIA kit [19]. Suitability for such assay using fecal samples of Javan rhinoceros
was also determined from this test. Parallel curves for glucocorticoid metabolite should be produced
when tested with different (cascading) concentrations. In addition to validating the suitability of assay
kit, variations within the same kit (intra-assay variations), and also across different kits (inter-assay
variations) [20]. As in EIA of African white rhinoceros (Ceratotheriumsimum), the optimal dilution
factor with 50% antigen-antibody binding was determined for each kit [21]. The optimal dilution factor
would provide the most accurate measurement of glucocorticoid from fecal sample.

Additionally, cross-reactivity between antibodies with different antigens would disrupt the accuracy
of the assay, as it would provide inconsistent binding resulting in an inconsistent measurement of
metabolite[22]. For instance, 5-beta-androstenediol was a glucocorticoid metabolite with low cross-
reactivity with other hormones. 5-beta-androstenediol had 0.5% cross-reactivity with testosterone, and
1.49% cross-reacts with androstenedione used in testosterone assay [23]. EIA kit for3a, 11p-dihydroxy-
CM was never been used with fecal samples of Javan rhinoceros. Therefore, potential issues due to
cross-reactivity with androgen were anticipated, as cortisol and other 19-carbon androgens could also
be detected by this kit.

3.6. Preparation of Fecal Sample for Hormone Assay[24]

Metabolite extraction was done by thawing the frozen sample until the 90% ethanol (technical grade)
was back to a liquid state, and was completely evaporated. The dried fecal sample was mixed with 2.5
ml of 90% ethanol and 2.5 ml of distilled water. This solution was thoroughly mixed in the plastic vial.
The solution was centrifuged for five minutes to separate the solvent with the solid particle. The solid
particle was an extract for subsequent use in hormone assay (EIA) to measure cortisol, corticosterone,
and 3a,11B-dihydroxy-CM.

3.7. Cortisol Assay

Cortisol assay was done according to the procedures stated in the assay kit produced by DRG, Germany.
The kit provided 96 microtiter wells coated with monoclonal anti-cortisol antibody. Cortisol assay using
this kit provided detection range of 0-800 ng/mL, and concentration for standard curves at 800 ng/ml,
400 ng/ml, 200 ng/ml, 50 ng/ml, 20 ng/ml, and 0 ng/ml. Cross reactivities with Cortisol (100%),
Corticosterone (45%), Progesterone (95%), Deoxy cortisol and Dexamethasone (2% each), estrone,
estriol, and testosterone (below 0.01% each) were identified; assay sensitivity was 2.5 ng/ml (6.9
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nmol/l); intra-assay precision was 3.2%-8.1% (based on 20 repetitions); and inter-assay precision was
6.6%-7.7% (based on 20 repetitions).

3.8. Corticosterone Assay

Kit for corticosterone was available from CUSABIO, China. A detailed assay procedure was described
in this kit. Microtiter plate with 96 wells coated with monoclonal anti-corticosterone antibody was
included in the kit. Corticosterone assay had a range of 0.6-160 ng/ml, and the concentration for standard
curves of 160 ng/ml, 40 ng/ml, 10 ng/ml, 2.5 ng/ml, and 0.63 ng/ml. There was no known cross-
reactivity with other hormone molecules. Assay sensitivity was below 0.4 ng/ml; intra-assay precision
is below 10% (20 repetitions); and inter-assay precision was below 8% (based on 35 repetitions).

3.9. 3a,11pB-dihydroxy-CM Assay

3a,11B-dihydroxy-CM assay was done according to the procedures stated in the assay kit produced by
the German Primate Centre in Gottingen. The kit provided 96 microtiter wells coated with monoclonal
anti-3a,11p-dihydroxy-CM antibody. Assay for3a,11p-dihydroxy-CM assay had a concentration range
of 0.6 ng/ml to 78 ng/ml. Standard curve concentrations were defined at78 ng/ml, 39 ng/ml, 19.5 ng/ml,
9.6 ng/ml, 4.8 ng/ml, 2.4 ng/ml, 1.2 ng/ml, and 0.6 ng/ml.There was a potential cross-reactivity with
androgen (testosterone). Sensitivity of this assay was 2.5 ng/ml (6.9 nmol/l) with intra-assay precision
of 4.4%-5.4% (18 repetitions); and inter-assay precision was determined at 6.8%-11.2% (based on 6
repetitions).

3.10. Data Analysis

Gen5 software (developed by Biotek, Germany) was used to construct standard curves based on all the
three EIA assays. Comparisons of standard curves according to the specifications of each kit
manufacturers were used for parallelism test to determine consistencies of hormone assay on fecal
samples of Javan rhinoceros. Consistency was shown by assay(s) with parallel (non-crossing), and
assay(s) were selected based on this consistency for measuring stress hormone.

Variables used for analysis were rhinoceros consuming food plants with high and low nutrition
(energy) in the same season (rhinoceros 12 and 13 have a high-energy intake, while rhinoceros 18 has
low energy intake); and all three rhinoceros in dry and wet seasons. Metabolites’ concentration from
fecal samples (in ng/mL) was used to indicate the differences in stress levels across different variables.
Based on daily rain occurrences, samples from October were considered to represent the dry season,
while samples from January were considered to represent the wet season. Due to the low numbers of
samples, descriptive statistics were used to analyze these differences.

4. Result and Discussion

4.1. Result of Parallelism Test

Results of the parallelism test exclude cortisol and corticosterone from potential kits for measuring the
metabolites from fecal samples of Javan rhinoceros. Standard curves of cortisol and corticosterone kits
were not parallel (some curves are crossing with those at different concentrations). In contrast, assay
using glucocorticoid metabolism 3a,11B-dihydroxy-CM show parallel standard and sample curves.
Parallelism test using 3a,11B-dihydroxy-CM suggests 50% of binding at 3.04 pg concentration and 1:80
dilution. Subsequent validation also shows intra-assay variations of 4.4% to 5.4% from 18 repetitions.
Inter-assay variations show 6% to 11.2% based on 6 repetitions. Variations of both intra and inter assays
show values lower than 15%, so it can be concluded that 3a,11B-dihydroxy-CM is suitable for measuring
the glucocorticoid profiles based on fecal samples of Javan rhinoceros.
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4.2. Dilution factor for Quantification of Glucocorticoid Metabolites (3a,115-dihydroxy-CM)

Standard and sample curves from the parallelism test in Figure 2 are used to determine the optimal
dilution factor for measuring metabolites from fecal samples of Javan rhinoceros. The optimal dilution
factor is obtained at 50% antigen-antibody binding. In the case of 3a,11-dihydroxy-CM, 50% binding
is achieved at a 1:80 dilution factor.
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Figure 2. The standard curve replicates for 3a,11B-dihydroxy-CMkit with different
dilutions on fecal samples of Javan rhinoceros.

4.3. Profile of 3a,11p-dihydroxy-CM on individual rhinoceros

Fluctuations of glucocorticoid concentrations of all rhinoceros in different months are described in
Figure 3. Glucocorticoid concentrations show high values (corresponding with high-stress hormone
concentration in blood) in October and November, indicating that the individuals experienced higher
stress conditions during these months. In contrast, the value is low in January and February.
Additionally, to assess the glucocorticoid profile in different rhinoceros individuals, box plot analysis
(Figure 4) is done to verify if there is a significant difference. Box plot analysis suggests no significant
differences among individual rhinoceros, but individual number 18 showed high variations of stress
levels throughout the period.
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Figure 3. Fluctuations of 3a,11B-dihydroxy- Figure 4. Range of glucocorticoid metabolite
CM levels in all rhinoceros in different months (30,11B-dihydroxy-CM) concentration in three
(seasons). different individual rhinoceros.
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4.4. Stress Factors

October and November are marked with notably higher glucocorticoid metabolites compared to those
in January and February. This may be associated with the differences in water availability during these
observation months. Field observation confirms that dry season occurs in October when the average
daily rain occurrence average is 0.2 per day (average of every five days rain). In January, the average
daily rain occurrence is 1.61 per day (average of more than one rain occurrence per day). Fewer rain
occurrences are likely to result in lower overall rainfall, which results in a decrease in water availability
[25]. By comparing the glucocorticoid data with rain occurrences, it can be inferred that the stress level
is relatively higher during the dry season in October than in the wet season in January.

Rhinoceros number 18 (young/sub-adult rhinoceros) shows the higher median of 3a,11p-dihydroxy-
CM compared to the other two adult rhinoceros. This suggests that rhinoceros number 18 experience a
higher level of stressors throughout the research period. Higher levels of stressors may occur, as the
young individual is establishing its own home range[26]. A high level of metabolites may also be
associated with a high testosterone level. Increased testosterone in mammalian species is often
associated with spermatogenesis process observed at the beginning of the wet season[21]. However,
3a,11B-dihydroxy-CM has a high probability of cross-reactivity with androgen (i.e., testosterone).
Testosterone also fluctuates with seasonal changes[27].

Additional stress factors may include nutritional aspects. Rhinoceros number 18had low energy
intake per body weight [17] indicates high3a,11B-dihydroxy-CM in feces. Such low intake may cause
an energy deficit that triggers the glucocorticoid hormone needed for gluconeogenesis and lipolysis.
Correlation between energy intake and level of 3a,11B-dihydroxy-CM in feces from this research is
shown in Figure 5, which suggests that there is a negative correlation between energy intake and
glucocorticoid level, where high glucocorticoid level correlates with low energy intake.
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Figure 5. Correlation between energy consumption and
concentration of glucocorticoid metabolite in feces.

5. Summary and Suggestion

5.1. Summary

1. Analysis of Javan rhinoceros fecal samples using EIA for 3a, 11B-dihydroxy-CM shows
parallel results between standard and sample curves under cascading dilution. This suggests
the 3a, 11B-dihydroxy-CM assay is appropriate for detecting glucocorticoid metabolites in
Javan rhinoceros fecal samples;

2. Glucocorticoid levels tended to vary throughout the research period. This suggests a seasonal
variation of stress due to water availability in dry and wet seasons. Stress tends to be higher in
the dry season compared to the wet season, likely due to decreased water availability;

3. A young (sub-adult) male rhinoceros shows higher variations of stress that can be caused by
stressors from habitat conditions (food and water availability), as well as intra-specific
competition with adult rhinoceros when the young male is expanding its home range;
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Higher levels of glucocorticoids were correlated with a low level of energy intake from food;
and

The results concluded that environmental factors such as water availability and food quality
(energy) are crucial stressors for the Javan rhinoceros.

5.2. Suggestions

1.

Further validation to ensure the suitability of 3a,11B-dihydroxy-CM for measuring
glucocorticoid metabolite in the fecal sample of Javan rhinoceros. Validation processes needed
include assessing the probability of cross-reactivity with androgen. Samples from female
Javan rhinos are needed for this validation, as female rhinoceros do not have androgen that
will interfere with the glucocorticoid readings;

Develop longitudinal studies to monitor fluctuations of physiological stress in Javan
rhinoceros based on fecal samples (non-invasive method) using the most appropriate hormone
assay;

Study the impact of stress on the reproduction of Javan rhinoceros in their natural habitat;
Improving food quality by enhancing the feeding ground with high-energy food plants such
as stink vine (Paederia scandens), blackboard tree (Alstonia scholaris), and wild ginger
(Costus speciosus); and

Mitigating stress due to water deficit by opening tracks and ensuring access to food plants with

high water content, and access to permanent year-round water sources.
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