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ABSTRACT

This study investigated relationships between body condition and physiological
function and tourist season effects on body condition, adrenal function, lipid profiles and
the metabolic status of female elephants (n=33) in northern Thailand. We evaluated the
body condition score (BCS; 1=thinnest, 5=fattest) every other months and fecal
glucocorticoid metabolite (FGM) concentrations twice monthly in 33 tourist elephants in
Thailand for a 1-year period to assess seasonal variations, and determined how lipid
profiles [total cholesterol (TC), low density lipoproteins (LDL), high density lipoproteins
(HDL), triglycerides (TG)] and metabolic parameters [insulin, glucose, fructosamine,
glucose to insulin ratio (G:I)] related to measures of body condition and adrenal function.
Furthermore, we compared metabolic hormones, lipid profiles, and FGM concentrations
to body condition scores between High (November—February) and Low (March—October)
tourist seasons at five elephant camps. The most prevalent body condition score was 3-
3.5 (60.6%), with 27.3% at body condition score=4 (overweight) and 12.1% at body
condition score = 4.5-5 (very overweight); no elephants had a body condition score <2.
Body condition score were higher in rainy and winter seasons compared to summer, with
FGM, TG, HDL, LDL, and insulin also higher in the rainy and/or winter seasons (p<0.05).
In contrast, TC and glucose were lowest in the rainy season. FGM measures were

negatively associated with two environmental factors: temperature and rainfall, but not



humidity. Positive correlations were found between body condition score and TC, LDL,
and HDL, and between FGM and TC, HDL, glucose, and insulin (p<0.05), whereas BCS
and FGM were both negatively associated with the G:I (p<0.05). However, there was no
relationship between body condition score and FGM among the camp elephants.
Differences between High and Low tourist season months were found for all measures of
lipid and metabolic status, body condition score, FGM, with the exception of TG. There
were positive associations between tourist number and body condition score, TG, and
insulin (p<0.05). In contrast, tourist number was negatively correlated to glucose
(p<0.05). There were positive associations between work time, TC, and TG, whereas
walking distance was positively related to TC. Both work time and walking distance were
negatively correlated to glucose, fructosamine and insulin. The amount of primary diet
(grasses and cornstock) fed was correlated to FGM, body condition score, and to insulin.
Diet supplement amount (e.g., bananas, sugar cane, and pumpkin) also was positively
correlated with FGM, glucose, fructosamine, and insulin concentrations. There were
camp differences of body condition score, TC, HDL, insulin and glucose being among
the highest, and G:I being the lowest in the one camp with no work activities for
elephants. Moreover, all but one camp had higher FGM during the High compared to the
Low tourist season. Using body condition score and FGM measures as outcome variables
in separate regression models, this study found high body condition score and elevated
FGM concentrations were associated with altered lipid profiles and metabolic status in
elephants. Furthermore, body condition, stress levels, metabolic markers, and lipid
profiles in captive elephants may be affected by visitor numbers, work time, and the
amount of supplementary foods offered by tourists. Thus, being overweight and exposed
to factors that increase adrenal activity could adversely affect health status, requiring
alterations in management for some individuals, whereas exercise appears to have a

protective effect against obesity.



CONTENTS

Acknowledgement

Abstract in Thai

Abstract in English

List of Tables

List of Figures

List of Abbreviations

List of Symbols

Statement of Originality in Thai
Statement of Originality in English
Chapter 1 Introduction

Chapter 2 Literature Review

2.1 Biology of Elephant

2.2 Animal welfare

2.3 Welfare assessment

2.4 Glucocorticoids and stress responses

2.5 Effect of glucocorticoids on metabolic function
2.6 Effect of glucocorticoids on lipid parameters

2.7 Body condition score (BCS)

Chapter 3 Body condition and adrenal glucocorticoid activity affects
metabolic marker and lipid profiles in captive female elephants
in Thailand
3.1 Introduction

3.2 Materials and Methods

Page

10
11
13
15
18

23

23
26



CONTENTS (continued)

Page
3.3 Results 30
3.4 Discussion 39
3.5 Conclusion 44
Chapter 4 Effect of tourist season and camp management on lipid profiles, 45
body condition and metabolic function in female Asian elephants
in Thailand
4.1 Introduction 45
4.2 Materials and Methods 47
4.3 Results 50
4.4 Discussion 64
4.5 Conclusion 66
Chapter 5 Summary 68
References 71
List of Publications 89
Appendix A 90
Appendix B 92

Curriculum Vitae 95



Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5

Table 3.6

Table 3.7

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

LIST OF TABLES

Comparing between the African and the Asian Elephant

The five freedoms

The Five Domains model and promoting positive welfare states
Body condition scoring index

Description of each elephant camp in the study

Descriptive statistics

General Estimation Equation analyses

Body condition effects on adrenal and health makers in elephants
Seasonal effects on body condition, adrenal steroid hormones
and health factors in elephants

General Estimation Equation analysis of seasonal relationships
Relationships among metabolic and lipid factors

Description of each elephant camp in the study

Mean (= SEM) and range values in lipid profiles and metabolic factors
between high and low tourist seasons in Thailand.

Mean (£ SEM) and range values (min—max) for lipid profiles and
metabolic factors in each elephant tourist camp.

Relationships between tourist number and health factors and
adrenal steroid activity in female Asian elephants
Relationships between work time and health factors and
adrenal steroid activity in female Asian elephants

Linear regression analyses

Page

20
28
32
33
34
37

38

39

51

55

57

59

60

61



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 3.1

Figure 3.2
Figure 4.1

Figure 4.2

Figure 4.3

Figure 5.1

LIST OF FIGURES

Number of semi-captive elephants in each region of Thailand
Stress response system

Schematic overview of metabolic actions of cortisol

Reverse Cholesterol Pathway

Relationships between fecal glucocorticoid metabolite
concentrations and metabolic and lipid measures

Seasonal pattern of fecal glucocorticoid metabolite concentrations
Mean + SEM fecal glucocorticoid metabolite concentrations and
body condition score in female Asian elephants

Mean + SEM total cholesterol and triglyceride HDL and LDL

in female Asian elephants (n=33) across the five tourist camps
Mean + SEM glucose and fructosamine insulin and glucose to
Insulin ratio in female Asian elephants (n=33) across the five
tourist camps

Summary of Body condition and adrenal glucocorticoid activity

associated with physiological outcomes.

Page

12
14
17
35

36
66

63

64

70



ACTH
ACUC
BCS
CETP

CHOD-POD

CITES

CMU
CRH
CvV
DNA
e.g.
EIA
et al.
etc.
FA
FGM
FRUC
FVM
g

GCs
GEE
GLU
GLUT4
GPO-POD
GREs
G:I

h

LIST OF ABBREVIATIONS

Adrenocorticotropic hormone
Institutional Animal Care and Use Committee
Body condition score

Cholesteryl ester transfer protein
Cholesterol oxidase-peroxidase
Convention on International Trade in Endangered Species of
Wild Fauna and Flora

Chiang Mai University

Corticotropin releasing hormone
Coefficient of variation
Deoxyribonucleotide

Exempli gratia, for example

Enzyme immunoassay

Et alia, and others

Et cetera, and other similar things
Fatty acids

Fecal glucocorticoid metabolite
Fructosamine

Faculty of Veterinary Medicine

gram

Glucocorticoids

Generalized estimating equations
Glucose

Glucose transporter type 4
Glycerokinase peroxidase-peroxidase
Glucocorticoid responsive elements
Glucose to insulin ratio

Hour



LIST OF ABBREVIATIONS (continued)

HbAlc Hemoglobin Alc

HDL High density lipoproteins

HPA axis Hypothalamic — pituitary —adrenal axis
HRH Her Royal Highness

1.e. Id est, that is

IL Interleukin

INS Insulin

IUCN International Union for Conservation of Nature
kg Kilogram

km Kilometer

L Liter

LCAT lecithin-cholesterol acyltransferase
LDL Low density lipoproteins

m Meter

min Minute

mm Millimeter

mM Millimolar

mmol Millimole

NF-kB Nuclear factor kappa light chain enhancer of activated B cells
n Nano

PEPCK Phosphoenolpyruvate carboxykinase
RH Relative humidity

RNA Ribonucleotide

RT Room temperature

SAA Acute-phase serum amyloid A

SEM Standard error of mean



LIST OF ABBREVIATIONS (continued)

TC
TG

THI

TNF

U.S.

UK

VLDL
11B-HSD 1
11p- HSD 2

U

Total cholesterol

Triglycerides

Thermal-humidity index

Tumor necrosis factor

The United State

The United Kingdom

Very low density lipoprotein

11B hydroxysteroid dehydrogenase type 1
11 hydroxysteroid dehydrogenase type 2

micro



LIST OF SYMBOLS

Percentage

Ampersand, and

Less than

Equality

Greater than

Plus-minus, a probability of being within the stated interval
Approximately equal

Degree Celsius

F-value, Kruskal-Wallis rank sum test

P-value



1))

2)

3)

4)

k4 1 a Q'
VIAITNUHINIFIITN

A3

Av A

< =< a o 4 ' v Y a
MUY UMIANEINMIU T2 UANUTURUTTZHI19 BCS uaxﬂmamummuaaﬂu

F) = I = a o ] 9 v o 1
“If’]\‘]L’f]L“]fEJL!agLﬂUﬂWiﬂﬂH']ngﬁﬂﬁll‘lfnillﬁgLllu3$ﬂﬂulﬁllﬂuﬁlu“lﬂ\‘lﬁﬁlwu‘ﬁﬂ\3ﬂa'n

Ao A& = A Y I =K o o 7 J Y
\‘nu'35]ﬂulﬂufnﬁﬁﬂ‘kﬂl!ﬁﬂﬂllaﬂqﬁlwlﬁUQQﬂjquﬁuwu‘ﬁ331’7313ﬂ13$1ﬂ“ﬁu1ﬂ13ﬂ‘ﬂ

Y 14

= 9
TR0 INUANUATIA TR

Y
v A

a S = = Y3 = ¥ o & v Y a
NuaTetumsanewsniuaaslimuda i usveafaveauuaueanuay

v o 9 = Y ot Y] a
seau luiuludueFenielansguavesuysd lulszme Inenuszezniamsau nad
Tumsinunazdiuaemnaiunldundrsluggnisneufieanazuenggnis
1 d’
Noung?

= X ) a Y o Y MY v =
etz i lvannzwaeanuazszau luduludngdldedensudiu sauds

[ 9 1 d‘ ydda! d‘ ] [ v d‘ a dy
mssamsihedanuneaie Inavumesiesulonudyninerunayu Tyn lin

v
@

9 ! a Y AdaA
DIULATNITTUFATNFUNIWTWNYITU



STATEMENTS OF ORIGINALITY

This study was to evaluate relationships between BCS and metabolic factors in
Asian elephants, and the first to assess lipid profiles in relation to body condition

in this species.

This was the first study to examine relationship between nutritional status and

stress hormone levels in elephants

This is the first study to investigate metabolic and lipid parameters in Asian
elephants under human care in Thailand in relation to walking distance and
working time, and provisioning of supplementary diet items by tourists during the

High and Low tourist seasons

This research will result in a complete understanding of metabolic conditions and
lipid profiles in elephants and facilitate better management of tourist camp
elephants to combat a potentially serious problem, obesity, and promote a healthy,

sustainable population.



CHAPTER 1

Introduction

The Asian elephant (Elephas maximus) is an endangered species (IUCN 2008) and
has been listed in Appendix 1 of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) since 1973 (CITES 2018). The captive
elephant population has also declined along with that of the wild elephants. Asian
elephants are a long-lived species, and produce only a few calves in their lifetime. Thus,
it is important to better understand factors affecting health and reproduction to prevent
further population declines.

Poor health and reproduction in captive elephants are both suspected of being
linked at least in partially to obesity as a result of either too little exercise or feeding
foods too high in calories, or both ;(Clubb et al., 2009; Morfeld et al., 2016; Morfeld et
al., 2017). There are numerous documented links between obesity, metabolic and lipid
problems in other species, including humans, companion and domestic animals (Jeusette
etal.,2005; Jung et al., 2014; Watson et al., 1990). Abnormally elevated blood glucose,
TG, and cholesterol have been linked to a number of disease problems, collectively
called metabolic syndrome, such as hypertension, hyperlipidemia, insulin resistance,
and type 2 diabetes (Lanktree et al., 2013; Lee et al., 2012). In contrast, few studies have
examined these health factors in relation to body condition in elephants. Most Thai
tourism camps encourage the feeding of elephants by tourists, often with high calorie
treats, such as sugar cane and bananas. Many camps have trouble breeding elephants,
and birth rates are not keeping up with death rates. Thus, a better understanding of how
body condition and metabolic function affect the health of tourist camp elephants is
needed.

In addition to obesity, stress can also affect metabolic health and lipid parameters.
Glucocorticoids (GCs) are endogenous stress hormones that affect nearly every organ

and tissue in the body, modulating various physiological processes including energy



homeostasis (metabolism), immunology, behavior, reproductive function, cell
proliferation, and survival (Patel et al., 2014). While important for maintaining
metabolic equilibrium, excessive GCs exposure for prolonged periods can have
devastating effects on health. Working elephants in Thailand interact with the public in
a variety of ways, including performing in shows, trekking, bathing, and painting. Often
these activities are not closely monitored or regulated, and could be sources of stress to
individual animals. Tourist activities have been shown to compromise welfare and
negatively affect behavior and physiology in other species, resulting in increased hiding
behaviors (Birke, 2002; Stevens et al., 2013), heightened vigilance (Clark et al., 2012;
Larsen et al., 2014), stereotypies (Mallapur et al., 2002; Wells, 2005), poor body
condition (Maréchal et al., 2016), and elevated cortisol (Davis et al., 2005; Pifarré et al.,
2012). Most studies of this type have been conducted in western zoo animals, with few
focusing on captive animals in range countries, especially elephants and particularly
those in tourism. High numbers of work hours have been associated with increased
adrenal corticoid output (Lundberg et al., 2002; Strzelec et al., 2011), and a number of
negative health effects, such as poor body condition (Ayalew et al., 2018). However,
others report positive health effects of work (Urtasun et al., 2018), so relationships
between work, health and well-being are not always clear (van der Hulst, 2003), and
likely depend on the type of work being done, how the work is perceived by the

individual, and if the work intensity exceeds a biological threshold.

Objective

The aims of this study were 1) to examine relationships between body condition
score and fecal glucocorticoid metabolite (FGM) concentrations on metabolic function
(insulin, glucose, fructosamine, glucose to insulin ratio) and lipid profiles (total
cholesterol, triglyceride, high density lipoprotein, low density lipoprotein) in female
Asian elephants in Thailand, 2) to examine the effect of tourist numbers and working
hours on adrenal, lipid and metabolic function in working elephants in female Asian
elephants. The hypothesis was that high body condition score and high stress elephant
exhibit more characteristics of metabolic aberrations and obesity than low body condition
elephant and tourist numbers and working hours have an effect on adrenal, lipid and

metabolic function. This project will facilitate better management of captive elephants to



promote their sustained survival and combat potentially serious problems such as obesity

and metabolic abnormalities.



CHAPTER 2

Literature Review

2.1 Biology of Elephant

2.1.1 Classification of elephant

There are three living species of elephants, classified in 2 genera; Loxodonta and
Elephas. Based on the accessible morphological evidence, Loxodonta, described by the
living African elephant, appears to be more primitive than Elephas, described by the
living Asian elephants (Fowler ef al., 2008) (Table 2.1). There are four subspecies of
Asian elephants, the Sri Lankan subspecies (Elephas maximus maximus) the mainland
subspecies (Elephas maximus indicus), the Borneo subspecies (Elephas maximus
borneensis), and the Sumatran subspecies (Elephas maximus sumatranus). Subspecies of
Asian elephants are distinguished by geographic distribution and several physical
characteristics. E. m. sumatranus is the most primitive of the three subspecies, E. m.

maximus the most derived, and E. m. indicus an intermediate form.



Table 2.1 Comparing between the African (left) and the Asian (right) Elephant (Fowler
and Mikota, 2008).

Weight

Height at shoulder
Skin

Number of ribs
Highest point

Size of ears (pinnae)
In mature individuals
dorsal of pinnae

Shape of back
Shape of belly

Shape of head

Teeth

Food
Tusks

Trunk

Tip of trunk

Number of nail-like
structures (toes)

4,000-7,000 kilograms
(8.820-15.430 pounds)
3-4 meters

(10-13 feet)

More Wrinkled

Up to 21 pairs

At top of shoulder
Larger, do exceed
height of neck

Fold medially
Concave

Slopes diagonally
downwards from front
to back

No compression;

no bulges, no dish

Lozenge-shaped loops

Mostly browser
Both sexes possess
tusks; larger in
males

Has more rings
(annulated), less rigid
Two "fingers"

o

Forefeet 4 or 5
Hind feet 3,4 or 5

2,000-5,500 kilograms
(4.410-11,020 pounds)

2-3.5 meters

(6 feet 7 inches-11 feet 6 inches)
Smoother

Up to 20 pairs

At top of head

Smaller, do not exceed

height of neck

Fold laterally

Convex or level

Either almost horizontal

or “sagging ** in the

middle

Compressed antero-posteriorly;
has dorsal bulges,

dished forehead

Narrow compressed loops

Mostly grazer

Males usually carry tusks;

in females tusks are vestigial
or absent

Appears to have less
annulation, more rigid
One “finger”

Forefeet 5
Hind feet 4 or 5




Figure 2.1 Number of semi-captive elephants in each region of Thailand.

2.1.2 Geographic Range

In Thailand, wild elephant population is estimated at 3,100-3,600 individuals
distributed in 69 protected areas. There are about 3,783 captive elephants with almost
95% of them privately owned and working in 223 tourism sites throughout the country
mainly in the north, especially in Chiang Mai (892 elephants) (Asian Elephant Specialist
Group, 2017) (Figure 2.1).

2.2 Animal welfare

Animal welfare has to do with the feelings experienced by animals: the absence of
strong negative feelings, usually called suffering and (probably) the presence of positive
feelings, usually called pleasure (Duncan, 2005). Clark et al. (1997) reported that, interest
in and concern about well-being has been increasing because of changing views towards

non-human animals, societal attitudes, legislation and conduct of quality scientific



research and testing (Clark et al., 1997). The research data from a variety of fields, such
as animal biology and behaviour, stress biology and psychoneuroimmunology,
increasingly support a holistic view of well-being. Existing data suggest an interactive
system linking internal psychologic, neurologic, physiologic, immunologic, endocrine
and biochemical events with the external psychosocial and physical environment (Clark
et al., 1997). A key concept when evaluating animal welfare that was initially developed
in 1965 was that of the “Five Freedoms” that animals should possess (Brambell, 1965).
These were later modified by Webster, (2005), gaining widespread acceptance in
regulatory, industry, and advocacy bodies, including incorporation into many codes of
practice (Table 2.2) (Webster, 2005). Similar concepts have been developed and
amplified into a five-domains model (Table 2.3), which focuses on nutrition,
environment, health, and behavior, as well as an overarching mental component (Mellor

etal.,2015).



Table 2.2 The five freedoms.

The five freedoms, as defined by Webster 2005

1. Freedom from hunger or thirst by ready access to fresh water and a diet to maintain

full health and vigor.

2. Freedom from discomfort by providing an appropriate environment including shelter

and a comfortable resting area.
3. Freedom from pain, injury, or disease by prevention or rapid diagnosis and treatment.

4. Freedom to express (most) normal behavior by providing sufficient space, proper

facilities, and company of the animal’s own kind.

5. Freedom from fear and distress by ensuring conditions and treatment that avoid

mental suffering.




Table 2.3 The Five Domains model and promoting positive welfare states.

Physical/Functional Domains

Survival-Related Factors Situation-Related Factors
1: Nutrition 2: Environment 3: Health 4. Behaviour
Restrictions on: Opportunities to: Unavoidablefimposed conditions | Available conditions: Presence of: Little or no: Exercise of ‘agency’ impeded by: | ‘Agency’ exercised via:
Water intake Drink enough water Thermal extremes Thermally tolerable Disease: acute, chronic Disease Invanant, barren environment Varied, novel, engaging
Food intake Eat enough food Unsuitable subsirate Suitable substrate Injury: acute, chronic; Injury (ambient, physical, biotic) environmental challenges
Food quality Eat a balanced diet Close confinement Space for freer movement husbandry mutilations Inescapable sensory impositions Congenial sensery inputs
Food variety Eat a variety of foods Atmospheric pollutants: COz, Fresh air Functional impairment: Functional Choices markedly restricted Available engaging
ammonia, dust, smoke due to limb amputation, impairment choices
Unpleasant/strong odours Pleasant'tolerable odours or lung, heart, vascular, Constraints on environment- Free movement
Voluntary overeating | Eating comect quantities | Light: inappropriate intensity Light intensity tolerable kidney, neural or other focused activity Exploration
Force-feeding Loud/otherwise unpleasant noise Noise exposure acceptable problems Foraging/hunting
Poisons Poisoning Constraints on animal-to- Bonding/reaffirming bonds
Environmental monotony: Normal environmental animal interactive activity Rearing young
ambient, physical. lighting vaniability Obesity/leanness Body condition Playing
appropriate Sexual activity
Unpredictable events Predictability Poor physical fitness: Goed fitness level Limits on threat avoidance, Using refuges, retreat, or
muscle de-conditioning escape of defensive activity defensive attack
Limitations on sleepfrest Sleepirest sufficient
Affective Experience Domain
5: Mental State
Negative Positive Negative Positive Negative Positive Negative Positive
Thirst Wetting/quenching Forms of discomfort: Forms of comfort: Breathlessness Comfort of good Anger, frustration Calmness
pleasures of drinking Thermal: chilling, averheating Thermal Pain: many types health and high Boredom, helplessness Engaged, in contral
Hunger (general) Pleasures of different Physical: joint pain, skin irritation Physical Debility, weakness functional capacity | Loneliness, isolation Affectionate sociability
tastes/smells Physical: stiffness, muscle tension Sickness, malaise Maternally rewarded
Hunger (salt) Pleasure of salt taste Respiratory: e.g. breathlessness Respiratory Nausea Depression Excitation/playfulness
Masticatory pleasures Olfactory Olfactory Dizziness Sexual frustration Sexual gratification
Malnutrition malaise | Postprandial satiety Auditory: impairment, pain Auditory
Visual: glare/darkness eye strain Visual Physical exhaustion Vitality of fitness Anxiety, fearfulness, panic, anger Secure/protected/confident
Bloated, over full Gastrointestinal comfort Neophobia Likes novelty
(Gastrointestinal pain Malaise from unnatural constancy Variety-related comfort Exhaustion Energisedirefreshed

Welfare Status




2.3 Welfare assessment

Scientists have searched for standard goal to assess welfare. The various ways to
measure stress have been proposed. A single measure of stress might not be a reliable
source of indicator and it is usually more informative to combine multiple indicators of
stress to assess animal welfare (Kumar ef al., 2012). Popular measures of stress such as
hormonal profiles can be complemented with behavioural and immunological changes.

Injury, disease and abnormality are generally known as a major sources of suffering
and poor welfare (Dawkins, 2003). The physiological measures that have been used
include short term responses such as increases in heart rate, body temperature, respiratory
rate, increases in adrenalin secretion, corticosteroids (sometimes called “stress”
hormones), plasma glucose, lactate and free fatty acids (Broom ez al., 1993) and long term
responses such as enlargement of the adrenal glands and depression of immune function
(Reiche et al., 2004). For example, hunted deer had higher serum levels of creatine kinase,
aspartate aminotransferase, lactate dehydrogenase, plasma glucose, lactate, sodium,
cortisol and endorphins compared to deer that had been shot with rifles (Bateson et al.,
1997). The problem is that many of the physiological indicators of ‘welfare’ currently in
use are in fact autonomic responses that indicate activity rather than being specific to poor
welfare. Heart rate, respiratory rate and level of corticosteroids, rise during, excite,
exercise, and in anticipation of food. New technology that enables us to look directly at
brain activity or to use urine, saliva or fecal measurements of stress hormone levels
(Peeters et al., 2011; Thanos et al., 2009; Touma et al., 2005) will, it is to be hoped,

overcome some of these problems in the future.

2.3.1 Glucocorticoid measurement

Recently, non-invasive methods to measure fecal hormonal metabolites in
elephants and other mammals have increased considerable importance, because of the
relative ease of fecal sample collection of wild animals in their natural habitat. Further,
the measurement of glucocorticoid in fecal samples is useful in determining the stress of
captive Asian elephants (Kumar et al., 2014).

Serum and fecal glucocorticoids are commonly measured for evaluating stress
responsiveness in captive or restrained elephants (Kumar et al., 2014; Norkaew et al.,

2018; Proctor et al., 2015; Rasmussen et al., 2008; Viljoen et al., 2008). The study of

10



stress hormones is essential to the understanding and evaluation of normal behavior,
stress control, well-being, pregnancy status, and reproductive activity in elephants
(Brown, 2000; Kajaysri et al., 2014). Normally, before excretion in feces, the main
glucocorticoid hormones are rapidly and extensively changed in form to glucocorticoid
metabolites. Assays of fecal glucocorticoid or its metabolites in female elephants are
validated for indicators of adrenal activity (Wasser et al., 2000). Moreover, fecal
glucocorticoid assays have been validated and used for evaluating the reproductive status
of elephants (Brown, 2000). Measurement of fecal glucocorticoid is a practical, reliable,
and noninvasive method for this, because samples can be collected relatively easily in
captive or semi-captive elephants without disturbing effects. Enzyme immunoassay
(EIA) is the most common test for monitoring reproductive function, because it does not
involve disposal of radioactive material or specialized and expensive equipment (Graham

etal.,2001).
2.4 Glucocorticoids and stress responses

Stress is defined as a state of threatened or perceived as threatened homeostasis.
The body and mind respond to stress by stimulating an intricate repertoire of
physiological and behavioral central nervous system and peripheral adaptive responses,
which, if insufficient or excessive stress, may effect on physiological functions, such as
growth, metabolism, circulation, reproduction, and the immune response (Charmandari
et al., 2005).

The central control stations of the stress system are located in the hypothalamus
and the brain stem and include the parvocellular corticotropin releasing hormone (CRH)
(Tsigos et al., 2002). The hypothalamic - pituitary - adrenal (HPA) axis, together with the
efferent sympathetic/adrenomedullary system, represent the effector limbs, via which the
brain influences all body organs during exposure to threatening stimuli (Fig 2.2).
Corticotropin-releasing hormone, which is released from the hypothalamus in response
to stress, activates the HPA axis and stimulates the release of adrenocorticotropic
hormone from the pituitary gland into the systemic circulation. The principle target of
adrenocorticotropic hormone is the adrenal cortex, where it stimulates the release of
cortisol, a glucocorticoid hormone. Cortisol has vital physiological functions, many of
which are relevant to diabetes mellitus; indeed, glucocorticoid hormones are so named

owing to their influence on glucose homeostasis (Hackett ef al., 2017)
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Glucocorticoids exert their effects through their ubiquitous cytoplasmic receptors
(Kino et al., 2001). On ligand binding, the glucocorticoid receptors translocate into the
nucleus, where they bind with specific glucocorticoid responsive elements (GREs) within
the DNA to regulates the expression of glucocorticoid-responsive genes positively or
negatively, depending on the GRE sequence and promoter context (Nemeroff et al.,
2018). The activated receptors also inhibit, through protein — protein interactions, other
transcription factors, such as NF-kB, which are positive regulators of the transcription of
several genes involved in the activation and growth of immune and other cells.
Furthermore, glucocorticoids change the stability of messenger RNAs and hence the
translation of several glucocorticoid-responsive proteins, as well as the electrical potential

of neuronal cells (Charmandari ef al, 2005).

STR ES S Hypothalamus ——
RESPONSE [cRA E
SYSTEM l 4

Pituitary
gland

4
ACTH

CRH - Corticotropin-releasing hormone o
ACTH - Adrenocorticotropic hormone w
--.. oPe g0

: ]
#To immune system g

Adrenal

Figure 2.2 Stress response system (http://www.liveinthenow.com).
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2.5 Effect of glucocorticoids on metabolic function

Glucocorticoids (GCs) are endogenous stress hormones that affect nearly every
organ and tissue in the body, modulating various physiological processes including
energy homeostasis (metabolism), immunology, behavior, reproductive function
(Khonmee et al., 2014a; Khonmee et al., 2014b), cell proliferation, and survival (Patel et
al., 2014). The physiological effects of GCs are increased glucose production from
hepatic cells (Vegiopoulos et al., 2007), reduced glucose uptake into muscle and adipose
tissue (Sakoda et al., 2000; Vegiopoulos and Herzig, 2007), increased breakdown of
muscle and fat to supply additional substrates for glucose production (Munck, 1971), and
constraint of insulin release from cells (Lambillotte et al., 1997). The abundant actions of
glucocorticoids were acknowledged upon identification of the phenotypes of
adrenocortical deficiency and adrenocortical excess. Adrenocortical insufficiency is
characterized by hypoglycemia, low blood pressure, weight loss and anorexia (Addison
1885). In contrast, elevated and sustained cortisol secretion results in central obesity,
increased overall body fat, postural hypertension, insulin resistance and a preference for

fatty foods (Rabasa et al., 2016).

2.5.1 Glucose and insulin

Glucocorticoids increase blood glucose levels by inhibiting the translocation of
glucose transporter type 4 (GLUT4) to cell membranes, and in turn repressing peripheral
glucose uptake in muscle and adipose tissue (Sakoda et al, 2000) (Figure 2.3). It activates
gluconeogenesis while increasing the expression of gluconeogenic enzymes, such as
phosphoenolpyruvate = carboxykinase (PEPCK) (Chakravarty et al, 2005).
Glucocorticoids also increase hepatic responsiveness to the gluconeogenetic hormone
glucagon and increase the release of substrates for gluconeogenesis from peripheral
tissues (particularly muscle) (Jayakumar, 2012). Furthermore, cortisol enhances hepatic
glycogen synthesis and storage. However, these effects are insulin-dependent and may
result in increased insulin secretion in states of chronic glucocorticoid excess (Jayakumar,

2012).
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Figure 2.3 Schematic overview of metabolic actions of cortisol (Patel et al., 2014).

2.5.2 Fructosamine

Measures of average daily glucose level are not effective estimates of serum
glucose levels in the long-term. Rather, the current approach to measuring average
glucose is through analysis of fructosamine (Sacks et al., 2011). Serum fructosamine is
formed through non-enzymatic irreversible reactions between glucose and serum
proteins. Fructosamine concentration directly depends on the blood protein
concentrations and their composition (Loste et al., 2001) and on the plasma glucose
concentration. The half-life of albumin is 20 days, therefore, fructosamine levels are
indirect measures of blood glucose levels occurring 2-3 weeks earlier. The assessment of
fructosamine is simple, effective and inexpensive. Previous studies found that
fructosamine has a close relationship with glucose and can detect abnormalities blood

glucose levels as well (Mittman et al., 2010).

2.5.3 Glucose to insulin ratio

Biological actions of insulin are essential for regulation and maintenance of
glucose homeostasis. Insulin resistance (typically defined as decreased sensitivity
or responsiveness to the metabolic actions of insulin) plays an important role in the
pathophysiology of diabetes (Kahn et al., 2006). Insulin resistance is also associated
with obesity (Kahn et al., 2006) as well as hypertension, coronary artery disease,
and dyslipidemias (McFarlane et al., 2001). Standard methods of assessing insulin
sensitivity include the euglycemic-insulin clamp and the frequently sampled iv

glucose tolerance test. These tests are time, labor, and cost intensive and are not
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practical for large scale studies, screening, or routine assessment. The fasting glucose
insulin ratio (G:I) has been proposed as a useful screening test for insulin resistance in
adult women with PCO (Legro et al., 1998). Legro et al. determined that a fasting
glucose to insulin ratio correlated strongly (r = 0.73) with insulin sensitivity using the F
frequently sampled iv glucose tolerance test (Legro et al., 1998). The strongest
correlations were found between glucose/insulin ratio and insulin sensitivity (Manibo et
al., 2001; Vuguin et al., 2001) and fasting insulin (Vuguin et al., 2001). A number of
studies have suggested that the fasting glucose to insulin ratio may represent another
useful method for assessing insulin resistance (Legro et al., 1998; Manibo ef al. 2001;

Vuguin et al., 2001).

2.6 Effect of glucocorticoids on lipid parameters

Glucocorticoids affect fat metabolism by activating lipolysis, which leads to the
release of free fatty acids into the circulation, and by stimulating the differentiation of
preadipocytes to adipocytes. Moreover, it has been shown that glucocorticoids play a role
in the redistribution of body fat from the periphery to visceral depots (Rebuffe-Scrive,
1988). At the times of starvation or insufficiency of energy intake, glucocorticoids
stimulate the mobilization of energy substrates from peripheral fat through lipolysis,
while promoting the accumulation of fat in abdominal depots, which can contribute to

obesity over time (Dallman et al., 2004).

2.6.1 Triglyceride (TG)

Glucocorticoids are steroid hormones that maintain crucial and complex actions in
TG metabolism. During fasting and starvation, increased levels of glucocorticoids in
circulation stimulate lipolysis in adipocytes, and TG is hydrolyzed to fatty acids (FA) and
glycerol. Free Fatty acid are translocated to skeletal muscles and the liver to be oxidized
and used as energy, whereas glycerol becomes the substrate for hepatic gluconeogenesis
(Wang et al., 2012).

While glucocorticoids are important for the regulation of lipid homeostasis in
different physiological states, excess and/or chronic glucocorticoid exposure can cause
lipid disturbances, such as dyslipidemia, obesity, and accumulate fat in the liver (Arnaldi
et al.,2010). Moreover, excess chronic glucocorticoids promote the circulating free fatty

acid and stimulate ectopic lipid accumulation in skeletal muscles and the liver, and all of
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these factors are associated with insulin resistance. Whereas, repressing action of
glucocorticoid, such as by suppressing 11 hydroxysteroid dehydrogenase type 1 (11p-
HSD 1, which converts inactive glucocorticoids to active ones) or activating 113- HSD 2
(which converts active glucocorticoids to inactive ones), improves lipid profiles and

insulin sensitivity (Berthiaume et al., 2007; Taylor et al., 2009).

2.6.2 Cholesterol, low-density lipoproteins (LDL), and high-density
lipoproteins (HDL)

Low-density lipoproteins and high-density lipoproteins both transport cholesterol
in the blood. But the main functional difference between low-density lipoproteins and
high-density lipoproteins is they contribute cholesterol to different parts of the body.
Low-density lipoproteins, the primary carriers of cholesterol, bring cholesterol to cells
throughout the body and can cause cholesterol to build up within arteries. This build up
can finally lead to arterial blockage and promote risk for cardiovascular disease. High-
density lipoproteins, contrarily, can prevents excessive accumulation of cholesterol in the
body because HDL carry cholesterol away from the organs and transport it back to the
liver (Lund-Katz et al., 2010).

The cholesterol transport pathway begins with the generation of pref HDL by the
liver and intestines by interaction of apoA-I with the ABCA1 transporter (Ahsan ef al.,
2014). After efflux of additional cholesterol from peripheral cells discoidal (pre-f and a4)
HDL is converted to spherical HDL (al-3) after esterification by lecithin-cholesterol
acyltransferase (LCAT) Cholesterol is then either returned directly to the liver after
interaction with hepatic SR-BI receptors or indirectly after transfer to LDL by cholesteryl
ester transfer protein (CETP) and uptake by hepatic LDL receptors (Figure 2.4)
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Figure 2.4 Reverse Cholesterol Pathway (Ahsan et al., 2014).

Glucocorticoids are recognized for its role in the regulation of lipolysis that can
increase the lipid profiles in the blood circulation. From the study of Dolinsky ef al., rats
treated with dexamethasone (synthetic GCs) showed increased accumulations of TGs in
the liver by stimulating TG synthesis and reducing TG lipolysis (Dolinsky et al., 2004).
Rats treated with synthetic GCs had increased the amount of plasma TC and TG (Divertie
et al., 1991; Guillaume-Gentil et al., 1993). Levels of ApoAl also increased in rats treated
with glucocorticoids which increases HDL cholesterol levels as well (Staels et al., 1991).
From the third National Health and Nutrition Examination Survey, glucocorticoid
administration relates to the rise of HDL and decline of TC/HDL ratio (Choi et al., 2005).
In patients with endogenous hypercortisolism (Cushing’s disease), TC and LDL
cholesterol levels are higher than healthy people. From previous studies, a consensus on
the effects of glucocorticoid on TC and TG levels cannot be made, but glucocorticoids
have an effect on increasing HDL levels. However, there are no reports of possible links
between the intensity of stress responses and blood glucose levels in Asian elephants.

Moreover, as yet, a full blood lipid profile (including HDL and LDL) of the Asian
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elephant is not scientifically documented. Such data is quite useful directly in breeding

and general welfare, and indirectly in long-term conservation.

2.7 Body condition score (BCS)

To assess obesity status, various visual BCS indexes have been developed,
including for elephants. The first for Asian elephants was based on an 11-point scale
(Wemmer et al., 2006). Areas of several body regions were scored : head (temporal
depression), scapula (shoulder blade), thoracic region, flank area, lumbar vertebrae and
pelvic bone. More recently, simplified BCS indexes have been developed based on 10-
point scales of regions, such as head, scapula, pelvic bone and neck (Fernando et al.,
2009), or the thoracic region, scapular, pelvic bone and vertebra (Wijeyamohan et al.,
2015). Recently, Morfeld et el., (2014) found estimation of visual BCS index and
validation of subcutaneous fat by ultrasound measurements in female African elephants
(Morfeld et al., 2014). The study used the ribs area, pelvic bone, and the vertebral ridge
of the backbone for a BCS index using a 5-point scale. Body condition scoring is
important for measuring fat in elephants to predicting obesity-related health and
metabolic abnormalities. This is an effective and economical way to assess the factors
that affect the body condition of wildlife animals and zoo animals including elephants
(Morfeld, Lehnhardt, Alligood, Bolling and Brown, 2014), greater one-horned rhino
(Rhinoceros unicornis) (Heidegger et al., 2016). Seventy-four percentages of Asian and
African elephants in North American zoo have BCS leves of 4 - 5 point scale .Therefore,
most zoo elephants are either overweight or obese (Morfeld et al., 2016). This study used
the 5-point scale (Table 2.4) adapted from Morfeld et al. 2014 (Morfeld et al., 2014) and
Wijeyamohan et al. 2015 (Wijeyamohan et al., 2015) to assess body conditions, with 1
representing the lowest and 5 representing the highest levels of body fat.

2.7.1 Body condition scoring (BCS) and obesity

Body condition scoring is an indirect means of measuring body condition and has
become an integral part of assessing body fat in veterinary practices. It is widely used in
veterinary medicine as an effective, inexpensive method for quantifying patient condition.
Body condition scoring is an individual assessment of subcutaneous body fat stores, based
on visual or tactile assessment of muscle tone and key skeletal elements (Donaldson et

al., 2004; Kearns et al., 2002). Low scores represent animals with less body fat, and
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higher scores represent animals with more body fat (obese). Body condition scoring
technique are routinely used in the health management of various species including
equine, dog and cattle (Henneke et al., 1983; Phythian et al., 2012). This technique has
been useful for assessing the degree of obesity in domestic and non-domestic species,
including cattle (Schroder et al., 2006), elk (Cervus elaphus)(Cook et al., 2001), mule
deer (Odocoileus hemionus) (Bishop et al., 2009), and pinnepeds (Eumetopias jubatus,
Phoca vitulina) (Mellish et al., 2004).
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Table 2.4 Body condition scoring index.

Score | Description

1 Ribs :Individual ribs clearly visible, spaces between ribs are sunken
Pelvic Bone :Protrudes, deep depression in front of and behind pelvic bone
Backbone :Protrudes from tail head to shoulders, deep depression alongside
entire backbone

2 Ribs :Some ribs noticeable, spaces between ribs are not deeply sunken, yet they
can still be seen
Pelvic Bone :Prominent, prominent depression in front of and behind pelvic
bone
Backbone :Prominent from tail head to shoulders, deep depression alongside
backbone in lumber region

3 Ribs :Not visible, spaces between ribs are not easily visible
Pelvic Bone :Clearly visible, depression in front of and behind pelvic bone
Backbone :Clearly visible from tail head to shoulders, deep depression
alongside backbone in lumber region

4 Ribs :Not visible
Pelvic Bone :The edges cannot be demarcated properly, slight sunken in front
of and behind pelvic bone
Backbone :Visible from tail head to mid-back, slight depression alongside
backbone in lumber region

5 Ribs :Not visible

Pelvic Bone :Not visible

Backbone :Difficult to differentiate, area alongside backbone in lumber region

filled in
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2.7.2 Effect of obesity on lipid metabolism

Obesity is associated with high level of lipolysis in adipose tissue, and circulating
free fatty acid (van Hall ef al., 2003). Acute-phase serum amyloid A (SAA), a lipolytic
adipokine in humans, stimulates basal lipolysis. The lipolysis has been hypothesized to
be an autocrine feedback mechanism by which elevated SAA production from enlarged
adipocytes A into the circulation may contribute to insulin resistance. The SAA act
through the CLA-1 and the extra-cellular signal regulated kinase signaling pathway to
directly stimulate lipolysis (Souza et al., 2003). Alternatively, elevated lipolysis by SAA
may be indirect, i.e. through the stimulation of the lipolytic cytokines via IL-6 and TNF-
a . Triglyceride (TG) concentration is another metabolic variable, most affected in obesity.
It has been proposed that there is tissue resistance to insulin mediated glucose uptake,
which in turn accelerates the very low density lipoprotein (VLDL), TG production rate
and leads to endogenous hypertriglyceridemia (Barter et al., 1973). Another study
evaluating the serum lipid profiles of obese cats revealed that they have higher
proportions of VLDL, TG and higher concentrations of LDL than do lean cats (Jordan et
al., 2008). In obesity there is decreased lipoprotein lipase-mediated lipolysis of
chylomicron-TG and ineffective inhibition of hormone-sensitive lipase-mediated
lipolysis in adipose tissue (Lewis et al., 1993). Dyslipidemia and elevated plasma fatty
acid concentrations are well-recognized abnormalities in obesity. Excess fatty acid
availability early in the postprandial period (when it is normally suppressed by insulin) is
estimated to influence glucose uptake by as much as 50% (Yu et al., 2001). SAA has also
a direct effect on cholesterol metabolism (Van Lenten ef al., 1995). The inter-action of
SAA with HDL may diminish the function of HDL as an anti-atherogenic particles
(Benditt et al., 1982) and facilitate its degradation (Wu et al., 2004). The increase of
adipose tissue derived SAA in obesity may be a link between obesity, low HDL and
increased arteriosclerotic. In humans, dyslipidemia are associated with elevated risk of

cardiovascular disease (Nelson, 2013).

2.7.3 Effect of obesity on metabolic function

Adipose tissue consists of receptors for a broad number of endocrine hormones,
such as insulin, glucagon, growth hormones, thyroid hormones, and glucocorticoids.
Consequently, an excess or deficiency of adipose tissue is clearly detrimental from a

metabolic homeostasis (Clark et al., 2016). In humans, obesity is associated with a cluster
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of metabolic abnormalities, termed “the metabolic syndrome” which include insulin
resistance, dyslipidemia, hypertension, and diabetes mellitus (Han et al., 2016).

One of the most well-known changes that occurs with excess adiposity is insulin
resistance, or a diminished cellular response to a given plasma insulin concentration. The
binding of insulin to its cell surface receptors stimulates a signaling cascade that increases
glucose uptake and formation of glycogen in muscle, inhibit endogenous gluconeogenesis
in the liver, and increases glucose and lipid uptake and inhibits lipolysis in adipose tissue
(Saltiel et al., 2001).

In humans, obesity leads to insulin resistance in adipose tissue, liver, and muscle
(Conte et al., 2012). The accumulation of fat mass may inhibit the ability of adipose tissue
to accomplish its usual metabolic function (adiposopathy) (Bays, 2014). The mechanisms
for adipose tissue dysfunction in obesity including;

- Adipocyte hypertrophy lead to oxidative stress, apoptosis, and an inflammatory
response that negatively impacts fuel metabolism (Goossens, 2008; Hosogai et al., 2007);

- Decreased adipocyte mitochondrial function (reduction in mitochondrial number,
density or function) (Yin et al., 2014);

- Adipokines dysregulation and other bioactive substances, including those
involved in insulin sensitivity and inflammation (Maury et al., 2010)

- Abnormal fatty acid trafficking and intracellular accumulation of lipid

intermediates that interfere with insulin signaling (McQuaid ez al., 2011).
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CHAPTER 3

Body condition and adrenal glucocorticoid activity affects metabolic

marker and lipid profiles in captive female elephants in Thailand

3.1 Introduction

Healthy populations of elephants are essential to long-term global conservation,
especially in the face of declining numbers. Wild elephant numbers throughout Asia have
declined at least 50% over the last three generations, and without changes to conservation
management, some populations are bound to disappear within the next century (Ingrid et
al., 2014). Captive propagation is one strategy to ensure species survival (Conde ef al.,
2011), especially when conducted in range countries (Thitaram, 2012). However, many
Asian elephant (Elephas maximus) populations ex situ are not self-sustaining due to poor
reproduction (Brown, 2014) or health problems (Fowler et al., 2008; Hayward, 2012,
Miller et al., 2016).

The elephant is a national symbol of Thailand, and an integral part of Thai and
Buddhist culture, and national economics. In the early 1900's, there were ~100,000
captive elephants in Thailand, almost all used for logging (Tipprasert, 2001), a practice
that was banned in 1989. Today, there are ~3,500 captive elephants, mostly (95%)
privately owned (Asian Elephant Specialist Group, 2017), that are used primarily for
tourism. Poor sustainability of captive elephants in Thailand is a concern, and has resulted
in increasing efforts to improve breeding and population management (Thitaram, 2012).
The majority of tourist elephants today are located in the north and northeast of the
country (~60%), primarily in Chiang Mai province where this study was conducted. In
species with slow-growth populations (i.e., animals that mature late, produce small
numbers of offspring, and have long life spans), sustainability is influenced by factors
such as adult survival (Crone, 2001; Heppell et al., 2000; Oli and Dobson, 2003; Young
and Keith, 2011) and reproduction (Manlik ez al., 2016). Asian elephants are a long-lived
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species, and produce only a few calves in their lifetime, so it is important to better
understand factors affecting health and reproduction to prevent further population
declines.

There are a number of ways to evaluate animal health status, apart from routine
physical examinations. One is a visual body condition score (BCS), which has become
an indirect, effective, and inexpensive tool in veterinary practices for assessing body fat,
especially as it relates to problems with obesity (Henneke ef al., 1983). For Asian
elephants, several BCS indexes have been developed using 5- (Morfeld et al.,2016 ), 10-
(Wijeyamohan et al., 2015) and 11- (Wemmer ef al., 2006) point scales. In many species,
high body condition or obesity can have negative effects on lipid profiles, including
elevated serum triglycerides (TG) (Jeusette ef al., 2005; Watson et al., 1990), total
cholesterol (TC) (Jeusette et al., 2005; Watson et al., 1990), low density lipoprotein
(LDL) (Jung et al., 2014; Sanlier and Yabanci, 2007; Takada et al., 1998), and very low
density lipoproteins (VLDL) (Jeusette et al., 2005; Frank et al., 2006). Abnormally
elevated blood glucose, TG, and cholesterol have been linked to a number of disease
problems, collectively called metabolic syndrome, such as hypertension, hyperlipidemia,
insulin resistance, and type 2 diabetes (Lanktree et al., 2013; Lee and Sanders, 2012). By
contrast, few studies have examined these health factors in relation to body condition in
elephants, and those were only on animals in western zoos. For example, negative
associations were found between the BCS and glucose to insulin ratio (G:I) in zoo Asian
and African elephants (Morfeld and Brown, 2017), and fat-free mass and circulating
glucose in African elephants (Chusyd et al., 2017), whereas Morfeld and Brown (Morfeld
and Brown, 2016) reported a positive correlation between BCS and insulin concentrations
in African elephants. Subsequent studies demonstrated the protective effects of increased
exercise and feeding diversity on BCS and metabolic function in zoo-housed elephants
(Morfeld and Brown, 2017), which could have application to tourist elephants in Thailand
that participate in varying types of physical activities. Another favorite activity of tourists
is feeding bananas and sugar cane, leading to concerns about whether that is linked to
obesity and metabolic problems.

In addition to obesity, stress can also affect metabolic health and lipid parameters.
Glucocorticoids (GCs) are key regulators of whole-body homeostasis, and provide an

organism with the capacity to resist environmental changes and invasion of foreign
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substances (Coutinho and Chapman, 2011). Glucocorticoids modulate a large number of
physiological actions involved in metabolic, inflammatory, cardiovascular, and
behavioral processes (Wang, 2005). Mechanisms by which GCs orchestrate these effects
include increasing hepatic glucose production (Vegiopoulos and Herzig, 2007),
decreasing peripheral glucose uptake into muscle and adipose tissue (Sakoda et al., 2000;
Weinstein et al., 1998), increasing breakdown of fat and muscle to provide additional
substrates for glucose production (Divertie ef al., 1991; Guillaume-Gentil et al., 1993;
Hasselgren, 1999), and inhibiting insulin release from pancreatic beta cells (Lambillotte
et al., 1997). While important for maintaining metabolic equilibrium, excessive GC
exposure for prolonged periods can have devastating effects on health. Patients with
hyper-GC production exhibit abdominal obesity, increased overall body fat, high blood
pressure, insulin resistance, and a preference for fatty foods (Rabasa and Dickson, 2016).
Glucocorticoids can affect fat metabolism by stimulating lipolysis, which leads to the
release of free fatty acids into circulation (Wang, 2005). Moreover, it has been shown
that GCs play a role in the redistribution of body fat from periphery to visceral depots
(Rebuffe-Scrive, 1998). Working elephants in Thailand interact with the public in a
variety of ways, including performing in shows, trekking, bathing, and painting. Often
these activities are not closely monitored or regulated, and could be sources of stress to
individual animals. Fecal GC metabolite analysis techniques have been developed for
numerous species, which has led to improved ex situ management (Touma and Palme,
2005). The ease of fecal collection without animal disturbance, and that data reflect
pooled values over time that are less affected by pulsatile or diurnal changes in secretion
makes this a particularly attractive approach for wildlife.

In recent years, the welfare of captive elephants has become a topic of intense
debate among the lay public, government agencies, and the scientific community.
Therefore, the aim of this study was to examine relationships between BCS and fecal GC
metabolite (FGM) concentrations on metabolic function (insulin, glucose, fructosamine,
G:]) and lipid profiles (TC, TG, HDL, LDL) in tourist camp elephants in Thailand. The
hypothesis was that elephants with higher adrenal activity and BCSs will exhibit more
metabolic derangements than those with normal BCS and lower FGM concentrations.
The goal is to better understand what factors are related to health and welfare of working

elephants in Thailand so that evidence-based standards can be developed to create
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healthy, self-sustaining populations.

3.2 Materials and methods

3.2.1 Environmental data

Weather in Thailand is hot and humid, with three official seasons: summer (16
February—15 May), rainy (16 May—15 October) and winter (16 October—15 February).
Information on daily temperature (°C), amount of rainfall (mm/day), and humidity (%),
averaged by month, was obtained from The Northern Meteorological Center,
Meteorological Department, Ministry of Information and Communication Technology,
Chiang Mai, Thailand (Thai Meteorological Department, 2016). A thermal-humidity
index (THI) was calculated based on air temperature and relative humidity using the
following formula: THI = (1.8x7db+32) — (0.55—0.0055%xRH) X (1.8xTdb—26), where the
Tdb is the temperature of air measured by a thermometer freely exposed to the air, but
shielded from radiation and moisture, and RH is the relative humidity (%) (Herbut and

Angrecka, 2012).

3.2.2 Animals

This study was approved by the Faculty of Veterinary Medicine, Chiang Mai
University, Animal Care and Use Committee (FVM-ACUC; permit number S39/2559).
Thirty-three adult female Asian elephants (age range, 18—50; mean, 34.2+7.3 years) were
housed at five tourist camps within 43—72 km of the Chiang Mai University Veterinary
Faculty (latitude 18°47'N, longitude 98°59'E, altitude 330 m) (Table 3.1). At four of the
camps, tourists interacted with elephants through riding programs (bareback or with a
saddle) and feeding supplementary foods. The fifth camp offered no tourist activities
other than observation of elephants in a large field, and being taken for a bath at a local
river. Work hours per day was the time elephants were involved in tourist activities, like
giving rides or walking to a river for bathing. For saddle and bareback riding, it equated
to the number of rounds of riding per day times the minutes per riding round. Elephants
were fed primarily corn stalk, napier grass (Pennisetum purpureum) and bana grass
(Pennisetum purpureum X, P. americanum hybrid) with unlimited access to fresh water.
Animals were given an annual physical examination by staff veterinarians, and were in

good health during the study.
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3.2.3 Body condition scoring

Once every 2 months, rear and side view photographs were taken of each elephant
to permit a visual evaluation of the backbone, rib bone and pelvic bone areas, and scored
1-5 (1 = thinnest; 5 = fattest) as described by Morfeld et al. (2016), except that scoring
was done in 0.5-point, rather than 1-point, increments. All photos were evaluated by three
experienced elephant veterinarians, and the scores averaged. Intra-class correlations

determined the inter-assessor reliability was 0.85.

3.2.4 Blood collection

Blood samples (10 ml) were collected from each elephant from an ear vein by
elephant camp staff or Chiang Mai University veterinarians twice monthly for 1 year. All
elephants were conditioned to the blood sampling procedure. Blood was centrifuged at
1,500 x g for 10 minutes within a few hours of collection, and the serum stored at -20°C

until processing and analysis.

3.2.5 Metabolic markers analysis

Serum glucose was measured by a hexokinase method using an automated glucose
analyzer (Glucinet TO1-149, Bayer, Barcelona, Spain), with quinoneimine measured at
530 nm. Serum fructosamine was measured by a colorimetric method using
nitrobluetetrazolium in a Biosystems BA400 clinical chemistry analyzer (OBiosystems
S.A., Barcelona, Spain). A solid-phase, two-site bovine insulin enzyme immunoassay
(EIA; Cat. No. 10-1113-01; Mercodia, Uppsala, Sweden), validated for elephants, was
used to measure serum insulin concentrations (Morfeld and Brown, 2016). Colorimetric
responses were determined spectrophotometrically at 450 nm filter with an Opsys MR
Microplate Reader (TECAN Sunrise™ microplate reader; Salzburg, Austria). All
samples were analyzed in duplicate; intra- and inter-assay CVs were <10% and <15%,

respectively.
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Table 3.1 Description of each elephant camp in the study (Camps A—E). Information includes number of years the camp has

been in operation (camp age), total number of elephants in the camp, number of elephants participating in the study,

participating elephant mean age (+SEM) and range, type of work with tourists, hours worked per day, and primary and

supplemental food items.

Variable Camp A Camp B Camp C Camp D Camp E
Camp age (years) 9 27 29 14 40
Total elephant number 46 66 52 68 76
Participating elephant number 6 6 6 11 4
Elephant age (years) 28.5£1.8 36.8+£2.9 35.3£3.8 35.84£2.3 32.2+£3.0
(22-34) (23-43) (20-45) (25-50) (22-40)
Type of work Bareback riding  Saddle riding Saddle riding No riding Saddle riding
Work time (hours/day) 1.3 23 3.8 0.2 33
Diet
Primary Napier grass, Napier grass, Napier grass, Napier grass, bana  Napier grass
cornstalk cornstalk cornstalk grass, cornstalk
Supplementary Bamboo, Banana, Banana, Hay, banana, Bamboo,
sugarcane, sugarcane sugarcane watermelon, sugarcane,
banana pumpkin, banana

cucumber




3.2.6 Lipid profile analysis

Serum lipids were quantified using a Mindray BS Series analyzer (Mindray BS-
380, Shenzhen Mindray Bio-Medical Electronics Co., Ltd.). Total cholesterol was
measured by a cholesterol oxidase-peroxidase (CHOD-POD) method. Triglycerides were
measured by a glycerokinase peroxidase-peroxidase (GPO-POD) method, with a
sensitivity of 0.1 mmol/L (99.7% confidence). The lowest measurable concentration was

0.1 mmoL/L (99.7% confidence) for TC, and 0.05 mmol/L for both HDL and LDL.

3.2.7 Fecal extraction and GC metabolite analysis

All chemicals were obtained from Sigma Chemical Company (St. Louis, MO),
unless otherwise stated. The fecal extraction method was based on Brown et al. [45].
Briefly, wet fecal samples were dried in a conventional oven at 60°C for ~24-48 hours
and stored at -20°C until extraction. Frozen dried fecal samples were thawed at room
temperature (RT), mixed well and 0.1 g (£0.01) of dry powdered feces placed in a glass
tube containing 90% ethanol in distilled water. Samples were extracted twice by boiling
in a water bath (96°C) for 20 minutes and adding 100% ethanol as needed to keep from
boiling dry. Samples were centrifuged at 1,500 x g for 20 min, and the combined
supernatants dried under air in a 50°C water bath. Dried extracts were reconstituted by
vortexing for 1 min in 3 ml ethanol, dried again, and then diluted and vortexed in
methanol for analysis. Extracts were stored at —20°C until EIA analysis.

Concentrations of FGM were determined using a double-antibody enzyme
immunoassay (EIA) with a polyclonal rabbit anti-corticosterone antibody (CJM006) that
has been validated for Asian elephants (Watson et al., 2013). Second antibody-coated
plates were prepared by adding 150 pl of anti-rabbit IgG (0.01 mg/ml) to each well of a
96-well microtiter plate, and incubating at room temperature (RT) for 15-24 h. The wells
were then emptied and blotted dry, followed by adding 250 pl blocking solution and
incubating for 15-24 h at RT. After incubation, all wells were emptied, blotted and dried
at RT (Sanpla Dry Keeper, Sanplatec Corp., Auto A-3, Japan) with loose desiccant in the
bottom. After drying (humidity <20%), plates were heat-sealed in a foil bag with a 1g
desiccant packet, and stored at 4°C until use.

Samples (50 pl), diluted 1:3 in assay buffer, or corticosterone standards (50 pl)
were added to appropriate wells. Corticosterone-horseradish peroxidase (25 pl) was

immediately added to each well except for non-specific binding wells, followed by 25 pl
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anti-corticosterone antibody, and incubated at RT for 1 h. Plates were then washed four
times with wash buffer (1:20 dilution, 20X Wash Buffer Part No. X007; Arbor Assays,
MI) and 100 pl of TMB substrate solution was added, followed by incubation for 45-60
min at RT without shaking. The absorbance was measured at 405 nm by a microplate
reader (TECAN). Assay sensitivity (based on 90% binding) was 0.14 ng/ml. Samples
were analyzed in duplicate; intra- and inter-assay CVs were <10% and <15%,

respectively.

3.2.8 Statistical analysis

Descriptive data were reported as mean + standard error of the mean (SEM) and
camp management variables were presented as a range or a frequency, depending on the
type of data. Statistical analyses were performed using R version 3.4.0 (R Development
Core Team, 2017). Repeated measures data were analyzed using Generalized Estimating
Equations (GEE) to determine: 1) the effects of BCS and FGM on metabolic and lipid
panel results; 2) seasonal and climate factor effects on metabolic and lipid function; and
3) relationships among metabolic and lipid panel measures. Differences in mean
metabolic and lipid profiles between BCS groups and seasons were further analyzed by
Tukey’s post-hoc tests after GEE analyses. Correlations between individual FGM and
metabolic hormones or lipid measures in each elephant (n=33) were analyzed using
Pearson's tests for aggregated data. Mean monthly FGM were compared using GEE
followed by a Tukey’s test. The significance level was set at a=0.05.

3.3 Results

Descriptive FGM, BCS, metabolic marker, and lipid profile measures are presented
in Table 3.2, highlighting the variability in mean and range values across individuals.
BCSs ranged from 2 to 5, with none scoring BCS=1 or 1.5. Based on the yearly average
of monthly mode values, numbers of elephants in each BCS category were: BCS=2
(N=1), BCS=2.5 (N=0), BCS=3 (N=14), BCS=3.5 (N=6), BCS=4 (N=7), BCS=4.5
(N=3), BCS=5 (N=2). Most elephants (42.4%) were a BCS=3, with 33.3% scoring BSC
=4 and 5. Relationships between BCS and FGM on metabolic markers and lipid
profiles are presented in Table 3.3. There were significant positive associations between
BCS and TC, HDL and LDL. Fecal GC metabolite concentrations also were positively
related to TC and HDL, as well as glucose and insulin. Both BCS and FGM were
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negatively correlated to G:I ratios. In separate Pearson's correlation analyses of individual
means (n=33), FGM levels were similarly correlated to TC, LDL, glucose, insulin, and
fructosamine (p<0.05) (Fig 1). Work time (hours per day) was negatively correlated with
FGM concentrations (r=-0.69, p<0.01), HDL (r=-0.51, p<0.01), glucose (r =-0.78,
p<0.01), fructosamine (r=-0.59, p<0.01) and insulin (r=-0.59, p<0.01), whereas the G:I
was positively associated with work time (r=0.32, p<0.05).

Differences in FGM, metabolic marker and lipid profile measures related to BCS
are shown in Table 3.4. Because of limited numbers, elephants were grouped into three
BCS classes: 2.0-3.0 (N=15); 3.5-4.0 (N=13); and 4.5-5.0 (N=5) for further analysis.
Higher levels of TC and LDL were found in elephants with a BCS of >3.5
(overweight/very overweight) compared to those <3.5 (p<0.05). Elephants with BCSs of
4.5-5.0 had higher HDL, glucose and insulin levels, and the lowest G:I ratio (p<0.05).
Triglyceride concentrations in the intermediate BCS group (BCS=3.5-4) were higher than
those in BCS=2-3, but similar to BCS=4.5-5. By contrast, FGM concentrations were
similar across the BCS groups.

Seasonal effects on measured parameters are summarized in Table 3.5. All but the
G:I was significantly affected by season. BCSs were 9-13% higher in elephants during
the rainy and winter seasons compared to the summer, with TG, LDL, and insulin being
higher in the winter months only. Mean FGM concentrations were ~28% higher in winter
compared to the summer and rainy seasons. LDL was also higher in the rainy and winter
seasons compared to the summer. By contrast, HDL was highest in the summer,
intermediate in the winter and lowest in the rainy season, whereas glucose was high in
the winter and summer seasons. The effect of season on longitudinal FGM concentrations
is presented in Figure 2, with lower concentrations observed between March and
September, representing mid-summer to rainy seasons. Relationships between
environmental factors and BCS and FGM concentrations are presented in Table 3.6, with
significant correlations noted between BCS and humidity, and between FGM and all
environmental factors but humidity. There were significant negative effects of monthly
temperature, rainfall, and THI on FGM measures.

Several correlations were noted amongst the metabolic and lipid factors as shown
in Table 3.7. Strong positive associations (p<0.001) included TC with TG, HDL with
LDL, HDL with LDL and insulin, and glucose with fructose and insulin. By contrast,
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negative relationships (p<0.01) were found between the G:I ratio and HDL, glucose, and

insulin.

Table 3.2 Descriptive statistics. Mean (:SEM) and range values for body condition scores
(BCS), fecal glucocorticoid metabolite (FGM) concentrations, lipid panel measures and

metabolic factors in female Asian elephants (n=33) in Thailand.

Parameters Mean Min - Max Mean range
BCS 3.50+0.02 2.00-5.00 2.37-5.00
FGM (ng/g) 50.80+0.89 11.42-194.17 34.51-72.26
TC (mg/dL) 37.40+0.32 10.00-109.00 24.38-48.52
TG (mg/dL) 28.60+0.64 4.00-157.00 18.09-42.96
HDL (mg/dL) 11.60+0.10 2.00-26.00 9.17-18.96
LDL (mg/dL) 27.80+0.29 8.00-107.00 14.30-41.14
Glucose (mg/dL) 88.90+0.75 50.00-180.00 68.91-112.50
Fructosamine (mM) 0.59+0.01 0.38-0.92 0.54-0.67
Insulin (ng/L) 0.75+0.03 0.02-5.91 0.12-2.10
G:1 196.00+6.72 22.67-721.56 83.87-532.32

TC=total cholesterol; TG=triglycerides; HDL=high density lipoproteins; LDL=low

density lipoproteins; G:I=glucose to insulin ratio.
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Table 3.3 General Estimation Equation analyses. Relationships between health factors
and body condition and adrenal steroid activity in female Asian elephants (n=33) in

Thailand.

BCS FGM

Parameters Intercept Beta P value | Intercept beta P value
TC (mg/dL) 2.742 0.021  0.001 38.370 0.330  0.009
TG (mg/dL) 3.428 0.004 0.210 50.742 0.005  0.920
HDL (mg/dL) 2.751 0.067  0.001 34.160 1.445 <0.001
LDL (mg/dL) 2.960 0.021  0.002 44.933 0.223  0.076
Glucose (mg/dL) 3.361 0.002  0.430 21.314 0.336  <0.001
Fructosamine (mM) 3.179 0.610  0.570 39.270 19.81  0.230
Insulin (ng/ml) 3.654 0.062  0.570 46.610 6.160  0.004
G 3.913 -0.001 ~ 0.009 54.248  -0.014 0.038

BCS=body condition score; FGM=fecal glucocorticoid metabolites; TC=total cholesterol,
TG=triglycerides; HDL=high density lipoproteins; LDL=low density lipoproteins; G:I=

glucose to insulin ratio.
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Table 3.4 Body condition effects on adrenal and health makers in elephants. Effect of body condition on mean (+SEM) and range

values fecal glucocorticoid metabolite (FGM) concentrations, lipid panel measures and metabolic factors in Asian elephants in Thailand

(n=33).
BCS FGM TC TG HDL LDL GLU FRUC INS GI
(ng/g) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mM) (ng/ml)
2.0 -
58.01+4.02 35.20+0.88 24.70+1.97° 11.50+0.272 25.00+0.97* 96.50+3.092 0.59+0.01% 0.91+0.12° 165.00+£34.60%
(20.00-194.00)  (22.00-52.00)  (7.00-85.00)  (7.00-17.00)  (9.00-43.00) (56.00-180.00)  (0.45-0.80)  (0.04-591)  (22.70-483.00)
3.5-
58.00+4.28 38.60+1.10° 34.50+2.99° 11.60+0.32%  29.40+0.98° 92.10+£3.502 0.58+0.01% 0.91+0.14* 183.00+24.10°
(15.70-159.00)  (22.00-60.00)  (8.00-110.00)  (9.00-21.00) ~ (13.00-52.00)  (52.00-152.00)  (0.48-0.70)  (0.07-2.92)  (38.20-543.00)
4.5 -
50 60.93+8.72 40.60+2.03° 29.90+2.84% 13.20+0.67° 29.80+1.23Y 104.80+5.65° 0.61£0.01° 1.23+0.22° 85.00+£10.202
(32.00-126.00)  (28.00-55.00)  (10.00-59.00)  (9.00-21.00) (21.00-38.00)  (58.00-144.00)  (0.57-0.67)  (0.07-2.58)  (40.70-142.00)

bV alues for each variable differ among BCS categories within columns are significantly different (p<0.05).

BCS=body condition score; TC=total cholesterol; TG=triglycerides; HDL=high density lipoproteins; LDL=low density lipoproteins;

GLU=glucose; FRUC=fructosamine; INS=insulin; G:I=glucose to insulin ratio.
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Figure 3.1 Relationships between fecal glucocorticoid metabolite (FGM) concentrations
and metabolic and lipid measures. Pearson's correlation analyses illustrating relationships
between FGM concentrations and (a) total cholesterol, (b) high density lipoproteins, (c¢)

low density lipoproteins, (d) glucose, (¢) fructosamine, and (f) insulin in female Asian

elephants (n=33) in Thailand.
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Figure 3.2 Seasonal pattern of fecal glucocorticoid metabolite (FGM) concentrations.
Mean (£SEM) monthly fecal glucocorticoid metabolite (FGM) concentrations in female
Asian elephants (n=33) across the summer, rainy and winter seasons in Thailand.
Superscripts designate significant differences in monthly mean FGM concentrations

(p<0.05).
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Table 3.5 Seasonal effects on body condition, adrenal steroid hormones and health factors
in elephants. Mean (=SEM) and range values in body condition scores (BCS), fecal
glucocorticoid metabolite (FGM) concentrations, lipid panel measures and metabolic

factors across the summer, rainy and winter seasons of female Asian elephants (n=33)

in Thailand.

Parameters Summer Rainy Winter
BCS 3.20+0.13* 3.48+0.08% 3.62+0.08°
(3.00-4.00) (2.00-5.00) (2.00-5.00)
FGM (ng/g) 47.40+£1.79* 47.3+1.15° 60.00+1.95°
(11.42-147.00) (11.90-132.38) (15.45-194.17)
TC (mg/dL) 38.70+0.88° 36.00+0.45° 38.20+0.46°
(20.00-109.00) (10.00-77.00) (22.00-60.00)
TG (mg/dL) 25.10£1.70* 29.20+0.86* 30.40+1.10°
(4.00-157.00) (6.00-88.00) (7.00-110.00)
HDL (mg/dL) 12.50+0.25¢ 11.10+0.13? 11.70+0.16°
(2.00-26.00) (5.00-26.00) (7.00-21.00)
LDL (mg/dL) 25.80+0.57° 27.70+0.56° 29.40+0.46°
(12.00-89.00) (8.00-107.00) (9.00-67.00)
Glucose (mg/dL) 92.90+1.13° 83.60+1.13% 92.90+1.56°

(65.00-160.00)

(50.00-180.00)

(52.00-172.00)

Fructosamine (mM)  0.60+0.004° 0.59+0.004 0.58+0.003%
(0.48-0.77) (0.38-0.92) (0.45-0.77)

Insulin (ng/ml) 0.76+0.08® 0.59+0.05* 0.94+0.09°
(0.02-3.37) (0.03-2.67) (0.03-5.91)

G 207.00+19.60 188.00+11.90 163.00+12.40
(34.41-721.56) (38.17-713.17) (22.67-612.53)

abcSeasonal mean values are significantly different across each row (p<0.05).

TC=total cholesterol; TG=triglycerides; HDL=high density lipoproteins; LDL=low density
lipoproteins; G:I=glucose to insulin ratio

Summer: 16 February—15 May, rainy: 16 May—15 October, winter: 16 October—15 February
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Table 3.6 General Estimation Equation analysis of seasonal relationships. Relationships
between body condition scores (BCS) and fecal glucocorticoid metabolite (FGM)

concentrations and environmental factors in female Asian elephants (n=33) in Thailand.

Parameters BCS FGM

Intercept Beta P value | Intercept Beta P value
Temperature (°C) 4.238 -0.026  0.23 84.43 -1.211 0.001
Rainfall (mm) 3.310 0.041 0.057 53.65 -0.77 0.028
Humidity (%) 2.307 0.005 0.001 54.21 -0.043 0.600
THI 3.781 -0.003  0.835 103.93 -0.682 0.022

THI=temperature-humidity index
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Table 3.7 Relationships among metabolic and lipid factors. Correlation matrix presenting
relationships between lipid panel measures and metabolic factors in female Asian

elephants (n=33) in Thailand.

*#%p<(0.001 (dark color), **p<0.01 (medium color), *p<0.05 (light color)

Blue=positive correlation
Red=negative correlation

TC=total cholesterol; TG=triglycerides; HDL=high density lipoproteins; LDL
= low density lipoproteins; GLU = glucose; FRUC = fructosamine; INS = insulin;

G:I=glucose to insulin ratio.

3.4 Discussion

This was the first study to evaluate relationships between BCS and metabolic
factors in Asian elephants in any range country, and the first to assess lipid profiles in
relation to body condition in this species. We also present new evidence for a relationship
between nutritional status and stress hormone levels in elephants, as indicated by
associations between FGM concentrations and several measures of metabolic and lipid

function. The most prevalent (mode) BCS in Thai elephants was 3-3.5 (60.6%), which is
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considered ideal (Morfeld and Brown, 2016). Deviations from that were mostly in the
higher BSC categories, with 27.3% at BCS=4 (overweight) and 12.1% at BCS=4.5-5
(very overweight); no elephants had a BCS <2. Overall, the working elephants in our
study had better body condition than those in western zoos. For example, in the U.S. only
16.5% had a BCS=3; 27% were BCS=4 and 48% were BCS=5 (Morfeld and Brown,
2016), whereas 75% were scored as overweight or very overweight in the U.K. (Harris et
al.,2008). This could be due to higher amounts of exercise, with tourist elephants engaged
in many activities, including trekking, bathing, shows or walking with tourists (Malikhao
and Servaes, 2017), so inactivity is less of a concern. In the U.S., elephants that walked
more than 14 hours/week had a decreased risk of BCS=4 or 5 (Morfeld and Brown, 2016,
Mortfeld and Brown, 2017). Feeding diversity (i.e., presenting food in multiple ways) also
was related to lower BCS in U.S. studies (Morfeld and Brown, 2016, Morfeld and Brown,
2017). Comparatively, there is little diversity in how tourist camp elephants are fed, which
are given fodder throughout the day, even during trekking. Thus, increased exercise
during tourist activities likely helps those elephants maintain better body condition, and
in this study, elephants that worked more hours per day in the form of saddle or bareback
riding had lower BCSs.

Despite the better overall body condition of tourist compared to western zoo
elephants, over a third had scores that suggested they were overweight, and these
exhibited alterations in lipid and sugar metabolism. A popular activity for tourists is
feeding elephants, particularly bananas and sugar cane, which possess high
concentrations of sucrose and other soluble sugars that could contribute to weight
problems. Blood glucose values in this study agreed with non-fasted levels found in a
previous study of Thai elephants (Weerakhun et al., 2010). Another finding was that very
overweight elephants (BCS=4.5-5) had higher levels of insulin. Insulin plays a central
role in the regulation of blood glucose and energy homeostasis; however, high levels are
associated with hypertension, obesity, dyslipidemia, and glucose intolerance in humans
(Boden, 2015; Modan et al., 1987). It was not possible to fast elephants before blood
sample collection in this study, and they had access to forage overnight, so we also
evaluated the G:I ratio, which has been used for detection of insulin sensitivity in women
(Legro et al., 1998), with lower values reflecting metabolic abnormalities. In the present

study, BCS was predictive of G:I, and elephants with higher scores (BCS=4-5) exhibited
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significantly lower G:I, a finding similar to U.S. studies (Morfeld and Brown, 2016;
Morfeld and Brown, 2017). Comparatively, the overall G:I average value for the tourist
elephants (G:1=165) was slightly better than that in the U.S. (G:I=110), although the
ranges were similar (23-483 versus 14-430, respectively). In addition to glucose and
insulin, serum fructosamine also was measured, which reflects glucose levels over the
previous 2-3 weeks, and has been used to monitor and control blood sugar levels in
diabetic patients (Sacks et al., 2011), dogs and cats (Nelson, 2012). It has been reported
to have positive correlations with body weight (Gilor ez al., 2010), body mass index (Woo
et al., 1992) and waist circumference (Manjrekar et al., 2012) in other species. This is the
first report of fructosamine levels in Asian elephants, which were positively correlated
with BCS and glucose, and so could be an additional marker of sugar homeostasis.
Glycated hemoglobin (HbAlc) is another measure that provides average blood glucose
levels over longer, 1-4 month periods, and is more common for monitoring diabetes in
humans, although fructosamine tests are better for people with sickle cell or other blood
disorders that can affect HbAlc levels (Kosecki et al., 2005). We attempted to measure
HbA Ic in elephants by two ways: high performance liquid chromatography and a HbAlc-
DIRECT EIA (BioSystems S.A., Costa Brava, Barcelona, Spain); however, levels were
undetectable.

There was a seasonality in BCSs, with the average being lowest in the summer.
Other studies have shown a shift towards thinner body condition during dry as compared
to wet seasons in free-ranging Asian elephants (Mumby et al., 2015). The only climate
factor related to BCS was a positive relationship with humidity, although the effect of
rainfall approached significance. A variety of climatic drivers of body size declines have
been proposed, and in ungulates, an indirect link between climate, resources and ungulate
body mass has been established, and may be influenced by climate change (Albon et al.,
2017; Rughetti et al., 2012). Warm springs reduce both relative winter mass loss and
summer mass gain in adult bighorn sheep (Ovis canadensis), likely due in part to growth
rate of plants and duration of access to high-quality forage (Douhard et al., 2018). A
seasonal shift in the diet of southeast Asian elephants from high-quality grasses in the wet
season to poorer quality grass during the dry season (Campos-Arceiz et al., 2008,
Sukumar and Gadgil, 1988, Western and Lindsay, 1984) could explain the lower BCS

during the summer season. Although our study animals were not free-ranging, most
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fodder was sourced locally, and so would have been subject to seasonal influences.
Quantifying the amount and frequency of food provided was beyond the scope of this
study, but will be a focus of future studies to identify relationships between nutrient
intake, body condition and health.

Serum TG concentrations were within the range reported for Asian elephants
(Morfeld and Brown, 2016; Ratnasooriya et al., 2006), and lower for females with BCS
=2-3, like that of Morfeld et al. (Morfeld and Brown, 2016). Significant relationships
between BCS and other lipids were observed, with thinner elephants (BCS=2-3)
exhibiting lower TC, HDL, and LDL concentrations than those with higher scores. In
humans, a number of metabolic changes are associated with obesity, high BMI or poor
eating habits, including elevated TG, TC and LDL levels. Similarly, in dogs, increased
plasma TC and TG concentrations are observed in association with obesity (Jeusette et
al., 2005), and in horses, TG concentration is correlated with body condition scores
(Bertin and de Laat, 2017; de Laat et al., 2016). Dyslipidemia resulting from poor diets
and inadequate exercise constitutes a major risk for development of heart disease and
other health problems in women, and is characterized by increased levels of TC, LDL
cholesterol and TG, and decreased levels of HDL (Jacobson, 2013; Mearns, 2011,
Orozco-Beltran ef al., 2017). Hyperlipidemia could pose problems for elephants,
although incidence of cardiovascular disease appears to be relatively low (Fowler and
Mikota, 2008). There was variability in the types and duration of work experienced by
elephants across the five camps, with regression analyses indicating significant
correlations between work hours and lipid panel results, being negative for HDL, glucose,
fructosamine and insulin, and positive for G:I. Moderate amounts of exercise have a
positive impact on lipid levels in other species (LeMura et al., 2000; Wang and Xu,
2017); thus, exercise may provide a protective effect on lipid and sugar homeostasis in
elephants, and should be encouraged.

There was a positive association between FGM and glucose, fructose, insulin, and
a negative correlation with G:I ratio, indicating a possible relationship between adrenal
function and metabolism, as has been demonstrated in other species (Horner et al., 1987,
Mudron et al., 2005; Wang et al., 1995). Elevated and sustained cortisol secretion during
chronic stress can lead to central obesity, hypertension, glucose intolerance, and

dyslipidemia in humans (Wang, 2005). Administration of exogenous GCs also can
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increase plasma insulin and TG levels in women, whereas adrenalectomy reduces plasma
insulin, glucose and TG levels (Tamashiro et al., 2011). Studies to understand how
management factors affect stress responses in captive animals are key to improving
welfare (Freedman et al., 1986), and are beginning to be applied to elephants in westerns
zoos (Harris et al., 2008; Proctor and Brown, 2015), which will be used as models for
subsequent studies of working tourist elephants in Asia.

Last, there was an effect of season on FGM, with higher concentrations during the
winter when temperatures and rainfall were lower. Saliva cortisol in zoo Asian elephants
in Spain were highest between October and December (Menargues et al., 2012), in
agreement with our results. The need for more energy to maintain optimum body
temperature and ensure survival in cooler temperatures could be related to this finding.
Although the climate in Thailand is relatively warm, elephants have been known to shiver
on cool winter days (personal observations). In other ungulates, higher GC levels during
winter have been found in white-tailed deer (Odocoileus virginianus) (Bubenik and
Brown, 1989) and mule deer (Odocoileus hemionus) (Saltz and White, 1989). Elevated
circulating GC levels as a response to cold stress also were documented in reindeer
(Rangifer tarandus) (Yousef and Luick, 1971) and in farm animals (Dantzer and
Mormede, 1983). In our study, FGM concentrations were influenced by several
environmental factors, and negatively associated with temperature, rainfall and THI.
Interestingly, this pattern differed significantly from that of logging elephants in
Myanmar, where FGM levels were positively correlated with rainfall, but not with
temperature (Mumby ef al., 2015). In that study, FGM concentrations were highest in
June, July and August, which corresponded to the end of the hot season and start of the
monsoon and work season (Mumby et al., 2015). In that population, the shift from rest to
intense work periods appears to have resulted in a marked increase in adrenal activity.
Increased workloads have been associated with increased adrenal corticoid activity in
horses and humans (Strzelec et al., 2011; Lundberg and Hellstrom, 2002). However, the
negative relationship between FGM and work hours in this study suggests it may not only
be work hours that are affecting adrenal activity in Thai elephants, but perhaps other
factors like a greater number of tourists taking advantage of the nicer climate in the

winter, all of which should be explored more fully.

43



3.5 Conclusions

Using BCS and FGM as outcome variables in regression models, high BCS and
FGM were predictors of higher and potentially unhealthy metabolic and lipid levels in
female Asian elephants. This study provides the first evidence that altered metabolic
marker and lipid levels are associated with high BCS and adrenal steroid hormone
measures in tourist camp elephants in Thailand, and that problems may be exacerbated
during the high tourist season (winter and rainy seasons). Future studies will focus on
what factors specifically affect elephant health and well-being, and the potential benefits
of limiting the amount of high calorie treats (bananas, sugar cane) given to elephants by
tourists, ensuring animals receive appropriate levels of exercise to reduce fat and increase
muscle mass, and reducing stress by limiting workloads and numbers of tourists

interacting with individual elephants, especially during the high season.
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CHAPTER 4

Effect of tourist season and camp management on lipid profiles, body
condition and metabolic function in female Asian

elephants in Thailand

4.1 Introduction

Elephants have been used in the logging industry in Thailand for centuries;
however, a logging ban initiated by the government in 1989 left thousands of elephants
and their mahouts unemployed, and brought on the elephant tourism era. Elephants today
play an important role in the economy of Thailand, with about 3,500, mostly (95%)
privately owned (Asian Elephant Specialist Group, 2017) being used primarily for
tourism. Over the past two decades, the number of elephant camps has increased
significantly, especially in the northern region, which consists of 40% of camps in the
country, mainly in Chiang Mai (37 % of the country) (National Institute of Elephant
Research and Health Service, Lampang, Thailand). Elephants participate in a variety of
activities, including shows, riding, feeding, and bathing by tourists. In recent years, the
welfare of captive elephants has become a topic of intense debate among government
agencies, animal rights groups, scientists, and the general public. Management differs
across elephant camps with respect to tourist numbers, intensity of activities, nutrition,
breeding, restraint, and control, all of which can have impacts on health, behavior and
welfare. Tourist activities have been shown to compromise welfare and negatively affect
behavior and physiology in other species, resulting in increased hiding behaviors (Birke,
2002; Stevens et al., 2013), heightened vigilance (Clark et al., 2012; Larsen et al., 2014),
stereotypies (Mallapur et al., 2002; Wells, 2005), poor body condition (Maréchal et al.,
2016), and elevated cortisol (Davis et al., 2005; Pifarré et al., 2012). Most studies of this
type have been conducted in western zoo animals, with few focusing on captive animals

in range countries, including elephants, and particularly those in tourism.
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One of the most popular tourist activities is feeding elephants treats like bananas
and sugar cane, although there is a minimal understanding of the potential health impacts.
Feeding of unnatural or unhealthy high energy food items can compromise health and
fitness (Heuberger et al., 2011), resulting in obesity, metabolic syndromes, and energy
imbalances (Epstein et al., 2008; Stelmach-Mardas et al., 2016). Elephant riding, with
saddles or bareback, is another popular activity enjoyed by tourists, although it has come
under intense criticism in recent years, with TripAdvisor no longer selling tickets to
venues where elephant rides are offered. However, in a recent study, the number of
working hours related primarily to giving rides was related to lower stress levels, based
on fecal glucocorticoid metabolite (FGM) measures, and better body condition in
elephants using camp-based information (Norkaew et al, 2018). In other species,
however, high numbers of work hours have been associated with increased adrenal
corticoid output (Lundberg et al., 2002; Strzelec et al., 2011), and a number of negative
health effects, such as poor body condition (Ayalew et al., 2018). However, others report
positive health effects of work (Urtasun et al., 2018), so relationships between work,
health and well-being are not always clear (van der Hulst, 2003), and likely depend on
the type of work being done, how the work is perceived by the individual, and if the work
intensity exceeds a biological threshold.

Stress and increased adrenal activity can affect metabolic health and lipid
parameters. Glucocorticoids modulate a large number of physiological actions involved
in metabolic, inflammatory, cardiovascular, and behavioral processes. Mechanisms by
which GCs coordinate these effects include increasing glucose production from hepatic
cells (Vegiopoulos et al., 2007), decreasing glucose uptake into muscle and adipose tissue
(Sakoda et al., 2000; Weinstein et al., 1998), increasing lipolysis (Divertie et al., 1991),
and decreasing insulin release from pancreatic cells (Lambillotte et al., 1997). Working
elephants in Thailand interact with the public in a variety of ways. Often these activities
are not closely monitored or regulated, and could be sources of stress to individual
animals. Recently, Norkaew ef al. (2018) found relationships between adrenal and
metabolic hormones and lipid profiles in Asian elephants, with positive correlations
between FGM and total cholesterol (TC), high density lipoprotein (HDL), glucose, and
insulin, and negative correlations with the glucose-to-insulin (G:I) ratio. Because it is

generally not possible to fast elephants before blood sample collection in tourist camps,
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and elephants have access to forage overnight, a G:I ratio is calculated, which detects
insulin sensitivity in women (Legro ef al., 1998), with lower values reflecting metabolic
abnormalities. Perhaps related to the feeding of high calorie treats, positive correlations
were found between body condition score (BCS) and TC, low density lipoproteins (LDL),
and HDL, with a negative correlation between BCS and G:I. That study evaluated
relationships on a population level and did not take into account the variation in
management across individual camps throughout the year. This study built on that
research to examine the effect of tourist numbers and working hours on adrenal, lipid and
metabolic function in captive elephants in northern Thailand, and how results across
camps compared between the High (November—February) and Low (March—October)

tourist season in the region.

4.2 Materials and methods

4.2.1 Animals

This study was approved by the Faculty of Veterinary Medicine, Chiang Mai
University, Animal Care and Use Committee (FVM-ACUC; permit number S39/2559).
Thirty-three adult female Asian elephants (age range, 18 — 50; mean, 34.2 + 7.3 years)
were housed at five tourist camps within 43-72 km of the Chiang Mai University
Veterinary Faculty (latitude 18°47'N, longitude 98°59'E, altitude 330 m) (Table 4.1). At
four of the camps, tourists interacted with elephants through riding programs (bareback
or with a saddle) and feeding of supplementary foods. The fifth camp offered no tourist
activities other than observation of elephants in a large field, and being taken for a bath
at a local river. Work time per day was the time elephants were actively involved in tourist
activities. For saddle and bareback riding, it equated to the number of rounds of riding
per day times the minutes per riding round. Walking distance was the distance elephants
were walked per day. Elephants were fed primarily corn stalk, napier grass (Pennisetum
purpureum) and bana grass (Pennisetum purpureum X, P. americanum hybrid) with
limited access to fresh water. Supplementary foods consisted of bamboo, sugarcane,
bananas, pumpkins, watermelon and cucumber that were primarily offered by tourists.
Animals were given an annual physical examination by staff veterinarians, and were in

good health during the study.
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4.2.2 Blood collection

Blood samples (10 ml) were collected from an ear vein by elephant camp staff or
Chiang Mai University veterinarians twice monthly for 1 year. All elephants were
conditioned to the blood sampling procedure. Blood was centrifuged at 1,500 x g for 10
minutes within a few hours of collection, and the serum stored at -20°C until processing

and analysis.

4.2.3 Body condition scoring

Once every 2 months, rear and side view photographs were taken of each elephant
to permit a visual evaluation of the backbone, rib and pelvic bone areas, and body
condition was scored 1-5 (1 = thinnest; 5 = fattest) as described by Morfeld et al. (2016),
except that scoring was done in 0.5-point, rather than 1-point, increments. All photos were
evaluated by three experienced elephant veterinarians, and the scores averaged. Intra-

class correlations determined the inter-assessor reliability was 0.85.

4.2.4 Metabolic marker analyses

Serum glucose was measured by a hexokinase method using an automated glucose
analyzer (Glucinet TO1-149, Bayer, Barcelona, Spain), with quinoneimine measured at
530 nm. Serum fructosamine was measured by a colorimetric method using
nitrobluetetrazolium in a Biosystems BA400 clinical chemistry analyzer (©Biosystems
S.A., Barcelona, Spain). A solid-phase, two-site bovine insulin enzyme immunoassay
(EIA; Cat. No. 10-1113-01; Mercodia, Uppsala, Sweden), validated for elephants, was
used to measure serum insulin concentrations (Morfeld et al., 2016). Colorimetric
responses were determined spectrophotometrically at 450 nm filter with an Opsys MR
Microplate Reader (TECAN Sunrise™ microplate reader; Salzburg, Austria). All
samples were analyzed in duplicate; intra- and inter-assay CVs were <10% and <15%,

respectively.

4.2.5 Lipid profile analysis

Serum lipids were quantified using a Mindray BS Series analyzer (Mindray BS-
380, Shenzhen Mindray Bio-Medical Electronics Co., Ltd.). Total cholesterol was
measured by a cholesterol oxidase-peroxidase (CHOD-POD) method. Triglycerides were
measured by a glycerokinase peroxidase-peroxidase (GPO-POD) method, with a
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sensitivity of 0.1 mmol/l (99.7% confidence). The lowest measurable concentration was

0.1 mmol/l1 (99.7% confidence) for TC, and 0.05 mmol/I for both HDL and LDL.

4.2.6 Fecal extraction and GC metabolite analysis

The fecal extraction technique is described in Norkaew et al. (2018). Briefly, wet
samples were dried in a conventional oven at 60°C for ~24-48 hours and stored at -20°C
until extraction. Frozen dried fecal samples were thawed at room temperature (RT),
mixed well and 0.1 g (£0.01) of dry powdered feces extracted twice in 90% ethanol in
distilled water by boiling in a water bath (96°C) for 20 minutes and adding 100% ethanol
as needed to keep from boiling dry. Samples were centrifuged at 1,500 x g for 20 min,
and the combined supernatants dried under air in a 50°C water bath. Dried extracts were
reconstituted in methanol and diluted 1:3 in assay buffer (Cat. No. X065, Arbor Assays,
Arbor, MI, USA) and stored at —20°C until enzyme immunoassay (EIA) analysis.

Concentrations of FGM were determined using a double-antibody enzyme EIA
with a polyclonal rabbit anti-corticosterone antibody (CJMO006) validated for Asian
elephants (Watson ef al., 2013) and described by Norkaew et al. (2018). Samples (50 pl)
or corticosterone standards (50 pl) were added to appropriate wells. Corticosterone-
horseradish peroxidase (25 pl) was immediately added to each well except for non-
specific binding wells, followed by 25 ul anti-corticosterone antibody, and incubated at
RT for 1 h. Plates were washed four times (1:20 dilution, 20X Wash Buffer Cat. No.
X007; Arbor Assays) and 100 pl of TMB substrate solution was added, followed by
incubation for 45-60 min at RT without shaking. The absorbance was measured at 405
nm by a microplate reader (TECAN). Assay sensitivity (based on 90% binding) was 0.14
ng/ml. Samples were analyzed in duplicate; intra- and inter-assay CVs were <10% and

<15%, respectively.

4.2.7 Statistical analysis

Descriptive data were reported as meantstandard error of the mean (SEM) and
camp management variables were presented as a range or a frequency, depending on the
type of data. Statistical analyses were performed using R version 3.4.0 (R Development
Core Team, 2017). Repeated measures data were analyzed using Generalized Estimating
Equations (GEE) to determine how BCS, FGM, metabolic and lipid panel results were

affected by tourist numbers, work time, and walking distance. High (November—
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February) and Low (March—October) tourist seasons were defined by the Tourism
Authority of Thailand. Differences in mean FGM, metabolic, lipid profiles and work type
between High and Low tourist seasons were analyzed by Tukey’s post-hoc tests.
Differences in mean BCS, FGM, metabolic hormones and lipid measures among camp
were analyzed using multiple comparison with Tukey’s post-hoc tests. Correlations
between diet and BCS, FGM and metabolic hormones or lipid measures were analyzed
using linear regression tests for aggregated data. Differences in mean BCS, FGM,
metabolic hormones and lipid measures between or within camp in High and Low tourist

seasons were analyzed using Tukey’s post-hoc tests. The significance level was set at o=

0.05.

4.3 Results

There was notable variation across the camps in work activities for elephants, with
bareback riding for camp A, saddle riding for camp B, C and E, and no riding for camp
D. Camp C had the highest walking per day and camp A had the lowest. Camp D
elephants did not work at all; tourists watched them at a close distance in a field (Table
4.1). There were significant differences across camps in adrenal activity, metabolic maker
and lipid profiles (Table 4.2), with BCS, TC, HDL, insulin and glucose being among the
highest, and G:I being among the lowest in camp D, the facility with no work activities
for elephants. Glucose and insulin concentrations in elephants at camp A also were high,
and during the High season, the G:I in that camp was the lowest. In addition to metabolic
factors, FGM concentrations in elephants at camp D also were high, similar to camp A,
while those in camps C and E were the lowest. Camp E had the highest TC and TG values,
while Camps C and E had the lowest HDL and highest LDL levels.
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Table 4.1 Description of each elephant camp in the study (Camps A—E). Information includes number of years the camp has been in
operation (camp age), total number of elephants in the camp, number of female elephants participating in the study, participating elephant

mean age (£SEM) and range, type of work with tourists, work time and walking distance per day, and primary and supplemental food

IS

items.
Variable Camp A Camp B Camp C Camp D Camp E
Camp age (years) 9 27 29 14 40
Total elephant number 46 (6) 66 (6) 52 (6) 68 (11) 76 (4)
(participating)
Elephant age (years) 28.50£1.80 36.80£2.90 35.30+3.80 35.80+2.30 32.20+3.00
(22-34) (23-43) (20-45) (25-50) (22-40)
Type of work Bareback riding Saddle riding Saddle riding No riding Saddle riding
Total work time (min/day) 66.70+1.58 180.00+7.11 204.00+7.94 0 236.00+8.42
- number of round 1.67+0.04 8.99+0.36 5.11+£0.20 0 9.33+0.35
- round time (min/round) 40 20 40 0 20
Total walking distance (km/day) 1.63+0.04 4.48+0.18 5.05+0.21 0 4.77+0.17
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Table 4.1 (continued)

Variable

Camp A

Camp B

Camp C

Camp D

Camp E

Ta
Diet
Primary Napier grass, Napier grass, Napier grass, Napier grass, bana Napier grass
cornstalk cornstalk cornstalk grass, cornstalk
- Amount per day (kg/day) 150+0.00 168+1.70 100+0.00 165+0.00 168+4.70
Supplementary Bamboo, Banana, sugarcane Banana, Hay, banana, Bamboo,
sugarcane, banana sugarcane watermelon, sugarcane,
pumpkin, cucumber banana
- Amount per day (kg/day) 30 10 10 20 5




Overall, during the High tourist season, elephants exhibited higher FGM, TC,
glucose and insulin concentrations than during the Low season (Table 4.3). In particular,
insulin levels were 44% higher during the High compared to the Low season. Although
glucose also was higher, the G:I did not differ between seasons. Conversely, fructosamine
was higher in the Low season. Elephant work time and walking distance in the High
season were nearly double those in the Low season, although camp operating hours were
unchanged.

Figure 4.1 shows differences among the five camps in FGM and BCS, and between
High and Low tourist seasons within each camp. The results showed that all camps except
camp E had higher FGM concentrations (18-30%) during the High than the Low tourist
season. Camps A and D had the highest, while camps C and E had the lowest FGM levels
in both seasons. During the High tourist season, camps A and D had higher FGM than
camps C and E. Similarly, during the Low tourist season, camp A had higher FGM than
camps B, C and E, while camp D had higher FGM than camps C and E. For BCS, the
only camp with a seasonal difference was camp A, with lower condition in the Low
season. Camp D had the highest BCS in both High and Low tourist seasons.

Figure 4.2 illustrates camp and tourist season differences in lipid parameters. The
only tourist season differences were TC in camp C and HDL in camp A, where
concentrations were higher in the High season. Across camps, camp D had higher HDL
than camps B and C during the High season, and the highest of all camps during Low
season. For LDL, camps D and E had higher LDL than camps B during the High season,
and camps D and E had higher LDL than other camps during the Low season.

Camp and tourist season difference in metabolic parameters are shown in Figure
4.3. Glucose and insulin levels in camps A and D were 14% and 11% higher during the
High than the Low tourist season, respectively. During the High season, glucose levels in
camp A were ~30% higher than in camps B, C and E, and 16% higher than in camps B,
C and E. Glucose levels in camp D were ~32-40% higher in camps B, C and E during the
High season and 24% higher than camps B, C and E during the Low season. Moreover,
insulin levels in camps A and D during the High season were greater than all other camps.
During the High season, insulin levels in camp A were three, five and two times higher
than camps B, C and D, respectively. However, during the Low season, camp D had

higher insulin levels than camps B and C. Because of the high insulin concentrations,
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camp A had a low G:I during the High tourist season less, 2.5 times than during the Low
season. During the High tourist season, the G:Is in camps A and D were significant lower
than in camps B and C. During the Low tourist season, only camp D had higher insulin
concentrations than camps B and C. There were significant tourist season differences
between fructosamine concentrations in camps B and C.

Relationships between tourist numbers and metabolic marker and lipid profiles
were determined using GEE (Table 4.4). There were significant positive associations
between tourist number and BCS, TG, and insulin. By contrast, tourist number were
negatively correlated to glucose. Relationships between work time and walking distance
on metabolic marker and lipid profiles are presented in Table 4.5, and show significant
positive associations between work time and TC and TG. Walking distance also was
positively related to TC. Both work time and walking distance were negatively correlated
to glucose, fructosamine and insulin. Only walking distance was negatively related to
FGM.

In separate linear regression analyses of individual means (n=33), the amount of
primary diet was correlated to FGM, BCS, and insulin (Table 4.6), whereas the amount
of supplementary diet was positively correlated with FGM concentrations, glucose,

fructosamine, and insulin.
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Table 4.2 Mean (+ SEM) and range values in lipid profiles and metabolic factors between

high and low tourist seasons in Thailand.

Factor High season Low season
FGM (ng/g) 58.1242.24° 48.33+1.03°
(19.59-194.17) (11.42-147.07)
TC (mg/dL) 38.44+0.58° 36.83+0.39°
(22.00-109.00) (10.00-85.00)
TG (mg/dL) 28.00+1.11 29.00+0.82
(7.00-110.00) (4.00-157.00)
HDL (mg/dL) 11.90+0.18 11.50+0.12
(13.00-26.00) (2.00-26.00)
LDL (mg/dL) 28.70+0.50 27.30+0.40
(9.00-89.00) (8.00-107.00)
Glucose (mg/dL) 92.40+1.53° 87.20+0.88*
(52.00-172.00) (50.00-180.00)
Fructosamine (mM) 0.58+0.01* 0.60+£0.01°
(0.45-0.77) (0.38-0.92)
Insulin (ng/L) 0.94+0.09° 0.65+0.04*
(0.03-5.91) (0.02-3.37)
G 163.00+12.40 195.00+10.50

(22.70-613.00)

(34.40-722.00)
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Table 4.2 (continued)

Factor High season Low season
Operation time (hour/day) 6.38+0.05 6.38+0.03
(5.00-7.00) (5.00-7.00)
Work time (hr/day) 3.83+0.12° 2.2240.05%
(0.00-400.00) (0.00-400.00)
Walking distance (km/day) 5.52+0.20° 3.11+0.87¢
(0.00-10.00) (0.00-10.00)

abRow values are significantly different (P<0.05)

FGM-=fecal glucocorticoid metabolites; TC=total cholesterol; TG=triglycerides; HDL=

high density lipoproteins; LDL=low density lipoproteins; G:I=glucose to insulin ratio.

High: November—February, Low: March—October (According to the Tourism Authority
of Thailand)
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Table 4.3 Mean (=SEM) and range values (min—max) for lipid profiles and metabolic factors in each elephant tourist camp.

Factor Camp A Camp B Camp C Camp D Camp E
FGM (ng/g) 60.40+2.43¢ 49.60+2.40° 39.10+1.41° 58.20+£1.75°¢ 39.60+2.06
(20.00-142.00) (11.90-194.00) (15.40-153.00)  (16.60-173.00) (12.40-110.00)
BCS 3.25+0.06* 3.44+0.08* 3.21+0.09* 4.17+0.10° 3.43+0.107
(3.00-4.00) (3.004.50) (2.00-4.00) (3.00-5.00) (3.00-4.00)
TC (mg/dL) 35.50+0.88* 35.50+0.72° 34.60+0.82° 39.5+0.50° 39.70+0.74°
(10.00-76.00) (22.00-76.00) (20.00-109.00) (21.00-77.00) (28.00-72.00)
TG (mg/dL) 25.50+1.36° 29.40+1.62° 25.50+1.332 28.80+£1.27* 36.20+1.74°
(5.00-88.00) (8.00-113.00) (4.00-94.00) (6.00-157.00) (11.00-110.00)
HDL (mg/dL) 11.40+0.21° 11.40+0.17° 10.30+0.14* 13.00+0.20° 10.70+0.31%
(3.00-18.00) (7.00-19.00) (2.00-15.00) (7.00-26.00) (3.00-26.00)
LDL (mg/dL) 26.70+0.94® 25.00+0.66* 26.00+0.91* 29.50+0.43% 30.40+0.60°
(11.00-53.00) (9.00-51.00) (8.00-107.00) (15.00-67.00) (19.00-47.00)
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Table 4.3 (continued)

Factor

Camp A

Camp B

Camp C

Camp D

Camp E

Glucose (mg/dL)

Fructosamine (mM)

Insulin (ug/L)

G:1

96.40+2.27°
(55.00-172.00)

0.60+0.004%
(0.50-0.77)

0.99:£0.16%
(0.03-5.91)

171.00£29.20%
(22.70-722.00)

78.20+1.232
(52.00-125.00)

0.59+0.006"
(0.45-0.92)

0.45£0.05%
(0.03-1.77)

240.004+21.92°
(58.30-712.00)

78.50+1.43°
(50.00-160.00)

0.57+0.005°
(0.47-0.86)

0.34:£0.04°
(0.03-1.98)

238.00+22.17
(47.90-660.00)

100.90+1.29°
(52.00-180.00)

0.61=0.003¢
(0.39-0.78)

1.08+0.08¢
(0.02-3.93)

141.00+8.77*
(23.70-569.00)

79.60+1.47°
(55.00-118.00)

0.56=0.006°
(0.38-0.70)

0.66£0.09"
(0.08-2.83)

181.00+16.23®
(37.50-446.00)

FGM=fecal glucocorticoid metabolites; BCS=body condition score; TC=total cholesterol; TG=triglycerides;

HDL=high density lipoproteins; LD =low density lipoproteins; G:I=glucose to insulin ratio.



Table 4.4 General Estimation Equation analyses. Relationships between tourist

number and health factors and adrenal steroid activity in female Asian elephants

(n=33) in Thailand.

Tourist number

Parameters Intercept Beta (x107) P value
FGMs (ng/g) 52.05 -27.90 0.210
BSC 3.19 0.91 0.017
TC (mg/dL) 35.40 6.87 0.140
TG (mg/dL) 25.50 21.50 0.002
HDL (mg/dL) 10.70 1.28 0.280
LDL (mg/dL) 27.10 -0.75 0.870
Glucose (mg/dL) 88.70 -41.80 <0.001
Fructosamine (mM)  0.59 -0.04 0.320
Insulin (ng/ml) 0.72 0.93 0.034
G:1 200.00 75.30 0.470

FGM=fecal glucocorticoid metabolites; BCS=body condition score; TC=total

cholesterol; TG=triglycerides; HDL=high density lipoproteins; LDL=low density

lipoproteins; G:I=glucose to insulin ratio.
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Table 4.5 General Estimation Equation analyses. Relationships between work time and health

factors and adrenal steroid activity in female Asian elephants (n = 33) in Thailand.

Work time (hr/day) Walking distance (km/day)
Parameters Intercept ~ Beta (x102) P value | Intercept Beta (x10#) P value
FGMs (ng/g) 51.48 22.000 0.140 | 53.73 213.460 0.015
BCS 3.31 0.018 0.660 3.30 0.106 0.540
TC (mg/dL) 33.82 1.570 0.003 34.40 4.820 0.032
TG (mg/dL) 26.08 1.564 0.032 27.20 3.350 0.250
HDL (mg/dL) 10.74 0.125 0.320 10.80 0.241 0.590
LDL (mg/dL) 25.97 0.574 0.250 26.50 0.925 0.650
Glucose (mg/dL) 87.23 -2.826 0.003 88.60 -14.480 <0.001
Fructosamine (mM) 0.61 -0.016 <0.001 0.61 -0.063 <0.001
Insulin (ng/ml) 0.73 -0.089 0.039 0.81 -0.532 0.002
G:1 204.73 4.230 0.720 188.00 58.200 0.300

FGM-=fecal glucocorticoid metabolites; BCS=body condition score; TC=total cholesterol; TG

=triglycerides; HDL= high density lipoproteins; LDL=low density lipoproteins; G:I=glucose

to insulin ratio.
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Table 4.6 Linear regression analyses. Relationships between primary and supplementary diet

and health factors and adrenal steroid activity in female Asian elephants (n = 33) in Thailand.

Primary diet Supplementary diet
Parameters Intercept Beta P value | Intercept Beta P value
FGMs (ng/g) 32.64 0.126 0.037 35.62 0.986 <0.001
BCS 2.67 0.006 0.050 3.43 0.011 0.377
TC (mg/dL) 32.60 0.033 0.313 36.30 0.077 0.525
TG (mg/dL) 21.01 0.051 0.157 32.11 -0.214 0.104
HDL (mg/dL) 9.19 0.016 0.149 10.59 0.002 0.130
LDL (mg/dL) 24.64 0.031 0.463 26.70 0.084 0.464
Glucose (mg/dL)  72.11 0.111 0.119 73.12 0.967 <0.001
Fructosamine 0.542 0.001 0.081 0.563 0.002 0.008
(mM)
Insulin (ng/ml) -0.031 0.005 0.047 0.33 0.026 0.006
G:I 281.38 -0.582 0.258 215.92 -1.382 0.472

FGM=fecal glucocorticoid metabolites; BCS=body condition score; TC=total cholesterol; TG

=triglycerides; HDL=high density lipoproteins; LDL=low density lipoproteins; G:I=glucose to

insulin ratio.
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Figure 4.1 Mean+SEM fecal glucocorticoid metabolite (FGM) concentrations (A) and

body condition score (BCS) (B) in female Asian elephants (n=33) across the five tourist

camps. Red lines indicate significant differences between camps in the High season, and

blue lines indicate significant differences between camps in the Low season. Asterisks

(*) indicate significant differences between High and Low seasons within the same

camp.
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and LDL (D) in female Asian elephants (n=33) across the five tourist camps. Red lines

indicate significant differences between camps in the High season, and blue lines

indicate significant differences between camps in the Low season. Asterisks (*) indicate

significant differences between High and Low seasons within the same camp.
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Figure 4.3 Mean+SEM glucose (A) and fructosamine (B) insulin (C) and glucose to

insulin ratio (D) in female Asian elephants (n=33) across the five tourist camps. Red

lines indicate significant differences between camps in the High season, and blue lines

indicate significant differences between camps in the Low season. Asterisks (*) indicate

significant differences between High and Low seasons within the same camp.

4.4 Discussion

This is the first study to examine metabolic and lipid parameters in Asian elephants

under human care in Thailand in relation to walking distance and working time, and
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provisioning of supplementary diet items, like bananas and sugar cane, by tourists during
the High and Low tourist seasons. It also examined differences across camps in health
and welfare measures. There was a significant tourist season effect on health status, with
levels of several metabolic markers being higher during the High season. Significant
differences across camps in stress and metabolic status further highlight the effect of
tourist activities, and how supplemental feeding and lack of exercise may have negative
consequences for health. Higher numbers of tourists likely are associated with increases
in amounts of food treats offered to elephants, given that feeding is one of the most
popular tourist activities.

The type and amount of supplementary food given to elephants varied with each
camp, but generally consisted of items with a high sugar content and glycemic index,
including bananas (glycemic index=47), sugarcane (50), watermelon (72), and pumpkin
(51; only camp D) (Sydney University's Glycemic Research Service). The glycemic index
quantifies the widely variable increases in blood glucose after ingestion of different
carbohydrates, with larger values associated with the development of metabolic disease
(Pfeiffer et al., 2018). High glycemic index foods induce an exaggerated insulin response,
which can increase body fat and weight, and lead to insulin resistance, and eventual
exhaustion of endocrine pancreatic function and insulin release (Ludwig, 2002; Pawlak
et al., 2004). There is growing recognition and concern that obesity and metabolic
conditions are negatively impacting the health of many species, including humans,
companion and domestic animals. A similar health concern exists for zoo-held species,
including elephants, that often are fed diets high in calories and given inadequate exercise
(Ange et al., 2001; Clubb et al., 2009; Hatt and Clauss, 2006; Lewis ef al., 2010; Morfeld
and Brown, 2014; Morfeld et al., 2017). Elephants at two camps in particular, A and D,
exhibited glucose and insulin levels that were higher overall compared to the other camps,
and 1-2 times greater during the High tourist season. BCS at camp A also was higher
during the High season, while the G:I was the lowest during that time, indicative of
metabolic derangements (Morfeld and Brown, 2014; Morfeld et al., 2017). These effects
appear to be related, in part, to the feeding of greater amounts of supplementary foods at
those two camps.

Fecal glucocorticoid metabolite concentrations also differed among camps, with A

and D again being significantly different in having the highest concentrations compared
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to the other camps. One possible explanation is that elephants in camps A and D received
less exercise than those in the other camps. Exercise has been shown to reduce stress,
anxiety, and depression in a number of species (Coulter et al., 2009), and can counter
many of the physiological decrements of aging, and reduce risks for diseases linked to
chronic elevations in cortisol (Traustadottir et al., 2005). Results of this study suggest
that greater walking distances per day in tourist camp elephants may have a positive effect
not only on BCS, but on adrenal status as well, which agrees with an earlier study
(Norkaew et al., 2018). Thus, camps A and D appear to operate in a way that results in
overall higher glucocorticoid levels and poorer metabolic health. These camps were
notably different in the activities elephants were exposed to. In camp A, the main activity
was bareback riding, but interestingly, in camp D, tourists merely watched elephants in
close proximity. What these two camps have in common are fewer hours of exercise (0 —
67 versus >180 hours/d) and higher amounts of supplementary items being fed (20 — 30
versus 5 - 10 kg/day). Thus, these results suggest that if elephants are not to be used for
riding or other forms of physical exercise, then care must be taken not to overfeed them,
and to limit the amounts of high calorie treats in particular.

Across camps, there was no relationship between tourist numbers and FGM
concentrations, which agrees with studies suggesting that not all animals perceive human
presence as a stressor (Fowler, 1999; Knapp et al., 2013), although other studies have
linked tourism-related activities to higher glucocorticoids in visited areas (Ellenberg et
al.,2007; Thiel et al., 2008; Wells, 2005). One explanation for the High tourist season on
effect on FGM is that elephants engage in more activity, and so are exposed to more
stimuli that may increase adrenal glucocorticoid output. So higher FGM during the High
season may not be related directly to increased numbers of tourists per se, but perhaps to
factors like seasonal climate effects (Mumby et al., 2015; Norkaew et al., 2018), other
management factors (Dwyer et al., 2004; Moberg et al., 2000), or the health status of
individual animals (Moberg, 2000).

4.5 Conclusion

Using a generalized estimating equation (GEE) method, we found differences in
concentrations of metabolic factors, lipid profiles and FGM concentrations between High
and Low tourist seasons. Nutrition, management and tourist numbers may affect

metabolic, lipid panel and FGM concentrations. We conclude that elephant well-being
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can be promoted by limiting the amount of high calorie treats given by tourists, ensuring
animals receive appropriate levels of exercise to reduce fat and increase muscle mass, and
reducing stress by moderating the numbers of tourists interacting with individual

elephants, especially during the High season.
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CHAPTER S

Summary

Healthy populations of elephants are essential to long-term global conservation,
especially in the face of declining numbers. It is important to better understand factors
affecting health and welfare of working elephants in Thailand to prevent further
population declines.

This study provides the first evidence that altered metabolic marker levels are
associated with high BCS in tourist camp elephants in any range country, and the first to
assess lipid profiles in relation to body condition in this species. We also present new
evidence for a relationship between nutritional status and stress hormone levels in
elephants, as indicated by associations between FGM concentrations and several
measures of metabolic and lipid function. Moreover, nutrition, management and tourist
numbers can affect metabolic, lipid panels and FGM concentrations.

Moreover, this is the first study to examine metabolic and lipid parameters in Asian
elephants under human care in Thailand in relation to walking distance and working time,
and provisioning of supplementary diet items, like bananas and sugar cane, by tourists
during the High and Low tourist seasons. It also examined differences across camps in
health and welfare measures. There was a significant tourist season effect on health status,
with levels of several metabolic markers being higher during the High season. Significant
differences across camps in stress and metabolic status further highlight the effect of
tourist activities, and how supplemental feeding and lack of exercise may have negative
consequences for health. Higher numbers of tourists likely are associated with increases
in amounts of food treats offered to elephants, given that feeding is one of the most
popular tourist activities. From our results we conclude that elephant well-being can be
promoted by limiting the amount of high calorie treats given by tourists, ensuring animals
receive appropriate levels of exercise to reduce fat and increase muscle mass, and

reducing stress by limiting workloads and numbers of tourists interacting with individual
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elephants, especially during the high season. However, there appeared to be a protective
effect of exercise, with hours of daily exercise being associated with better body condition
and lipid and metabolic profiles, so elephant trekking per se may not be as bad for welfare
as some animal activist organizations claim.

Future studies should be focused on how to improve elephant’s health condition or
nutrition, especially in camps with the incidence of abnormality in metabolic and lipid
levels; will BCS improve by increasing of elephant’s activities, and whether limitation
and/or changing of supplement type will decrease the level of blood glucose or insulin in
camp with high prevalence. Furthermore it would be a great benefit to study about the
exact daily energy intake and nutrition composition which are considered effect
elephant’s health. From our study in female, evidence suggested that being overweight
may lead to potentially negative health consequences, leading to questions about whether
bull elephants are prone to similar obesity-related risks. Moreover, variable of elephant’s
activities were not investigated in this study even though high level of blood glucose and
insulin were revealed in camps with less activity or working hours. Thus, future research
should be determine how specific activities, like shows and riding, effect elephants on an
individual levels. Likewise, this study was conducted in only five camps, increasing of
sample sizes are essential to complete the better understanding of elephant’s health
affecting factors and welfare to promote a healthy, sustainable population of Thailand

iconic species.
Recommendations for elephant camps in the future

Elephant camps that use elephants for tourism should be aware of elephant’s
welfare. The researcher proposed the management of elephant camps in some aspects

including
1. The mahout should observe overall health of elephant every day.

2. Elephant camps should have a large health check at least once a year by collecting
blood, urine and fecal samples to screen health and diseases. Assessment of a
elephant's body condition score (BCS) gives a visual estimate of body fat reserves to

estimate the change of body condition at least every two months.
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3. Determine type of the work, duration and work time and allow elephants to rest

during working day.

4. Providing an appropriate diet (primary and supplementary diet) based on age,

body condition, activity and medical problems.

Glucose Total cholesterol

TN
Insulin — FGM — HDL — BCS

/ ™~ Glucose: insulin P
Supplementary diet J \ /
Primary diet
Walking distance

Figure 5.1 Summary of body condition and adrenal glucocorticoid activity associated
with physiological outcomes. The red arrow and black arrow indicate positive and
negative correlation respectively. BCS = body condition score; FGM = fecal

glucocorticoid metabolites; HDL = high density lipoproteins.
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The information of each elephant camp in the study

APPENDIX A

order | Camp Code Sex Age
! A Ab female 22
A7 female 25
Al0 female 30
All female 30
Al3 female 30
Al4 female 34
2 B B7 female 37
B8 female 43
B9 female 37
B10 female 41
Bl1 female 40
B12 female 23
3 ¢ e female 45
C8 female 40
(&) female 35
C10 female 42
Cll female 30
Ci12 female 20
4 b D1 female 46
D2 female 33
D4 female 41
D5 female 39
D7 female 31
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order Camp Code Sex Age

4 b DS female 34
D9 female 50
DI11 female 30
D13 female 25
D14 female 35
D15 female 30

> E E5 female 35
E7 female 40
E8 female 30
E12 female 26
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APPENDIX B

Protocol for corticosterone (CJM006) EIA

Day 1:
1.

Day 2

Plate Coating
» Use NUNC Maxisorb plates

* Add 33.33 pl antibody stock (1:100, -20°C) to 5 ml coating buffer (working
dilution 1:15,000).

* Add 50 pl per well of antibody solution to plate.
* Do not coat column 1 — start at A2 and go down each column (see plate map).
* Pipet all solutions in this order.

* Tap plates gently to ensure that coating solution covers the bottom of each
well.

* Label and cover with acetate plate sealer and leave overnight (no less than 12
hrs) at 4°C.

Standards

« Standard values are used: 1000, 500, 250, 125, 62.5,31.25, 15.6, 7.8, and 3.9
pg/well.

* Dilute standard working stock (20 ng/ml or 1000 pg/well) serially (2-fold) by
using 250 ul stock plus 250 ul EIA buffer.

Samples/Controls

* Dilute urine or fecal samples in dilution buffer to appropriate dilution.

* Prepare high and low controls.

HRP

* Corticosterone-HRP working dilution is 1:15,000.

* Add 33.33 pl of HRP working stock to 5 ml EIA buffer to make the working

dilution (keep this solution cool).

5.

Plate washing

» Wash the plate 5 times with wash solution.
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* Blot the plate on paper towel to remove excess wash solution.
6. Plate loading

* Pipet 50 pl of standard, control and sample per well as quickly and accurately
as possible, according to the plate map.

* Add 50 pl of diluted Corticosterone HRP (step 4) to all wells that contain
standard, control or sample. Avoid splashing.

* No more than 10 minutes should pass during this process.

* Cover plates with acetate plate sealer and incubate at room temperature for
exactly 2 hours.

7. Plate washing
» Wash the plate 5 times with wash solution.
* Blot the plate on paper towel to remove excess wash solution.

* Plates are fairly stable at this point and can be left upside on bench top until all
plates are washed (no more than 20 minutes).

8. Substrate
* Prepare ABTS substrate immediately before use.

* Combine 40 pl0.5 M H202, 125 ul 40 mM ABTS and 12.5 ml substrate
buffer, and mix well.

* Add 100 ul ABTS substrate to all wells that contain standard, control, or
sample.

» Cover with acetate plate sealer and incubate at room temperature with shaking.

* Plate color development will vary based on age of HRP and/or Ab, but should
be no greater than one hour.

9. Plate reading
* Optical density (OD) of 0 wells should read 1 or less.
* Optimal readings for 0 wells: >0.7 to <1 OD.

* Read at 405 nm (reference 540 nm).

Corticosterone stock preparation — per plate
1. Antibody

* Dilute Corticosterone CJMO006 at a dilution of 1:100 by adding 20 pul of stock
to 2 ml coating buffer.
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* Aliquot 500 pl into O-ring vials and store at -20°C.
* Store antibody stock at -80°C.
2. HRP Conjugate

* Dilute corticosterone horseradish peroxidase (HRP) 1:100 by adding 25 pl of
stock to 2.475 ml EIA buffer for a working stock and store at 4°C.

» Store HRP stock at -80°C.
3. Standards

* Weigh out 50 mg corticosterone (Steraloids) and add to 50 ml EtOH for a 1
mg/ml primary stock.

* Dilute 1 mg/ml primary stock 1:100 by adding 100 pl to 10 ml EtOH for a 10
ng/ml secondary stock.

* Dilute 10 pg/ml secondary stock 1:500 by adding 100ul to 49.9 ml EIA buffer
for a 20 ng/ml (1000 pg/well*) working stock.

* Aliquot working stock and store all stocks at -20°C.
*a well is equal to 50ul, the amount used in the assay.
4. Controls

* Use urine or extracted fecal samples with a high progestin level to make
controls.

* Make a pool of high corticosterone level urine or extracted feces (~20ml).
* Serially dilute pool and run on assay.
* Find the dilutions that bind at ~70% and ~30%.

* Use the pool to make up 2 separate stocks for low and high controls using the
dilutions that bound at 70% and 30% respectively.

» Make up enough controls to run on at least 500 assays (for this you may need
more than 20 ml used for the pool. Any species will do as long as it has high
corticosterone levels).
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