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ABSTRACT (THAI) 

 ยู่ชิง หยาง : ความสัมพันธ์ระหว่างอินซลูินไลค์โกรทแฟคเตอร์วันและคุณภาพน้า้เช้ือในช้างเอเชีย (อิเลฟัส แม็กซิมัส). ( 
RELATIONSHIP BETWEEN INSULIN-LIKE GROWTH FACTOR-1 AND SEMEN QUALITY IN ASIAN 
ELEPHANTS (ELEPHAS MAXIMUS)) อ.ที่ปรึกษาหลกั : เกวลี ฉัตรดรงค์, อ.ที่ปรึกษาร่วม : ดร. ทวโีภค     อังควา
นิช อังควานิช 

  
องค์ความรู้ในปัจจุบันบ่งชี้ว่าฮอร์โมนอินซูลินไลค์โกรทแฟคเตอร์-วัน หรือ ไอจีเอฟ-วัน (insulin-like growth factor-

1; IGF-1)สัมพันธ์กับกระบวนการการสร้างฮอร์โมนสเตียรอยด์ และการสร้างอสุจิ จากความสัมพันธ์นี้ จึงอาจน้าฮอร์โมนไอจีเอฟ-วัน 
มาประยุกต์ใช้ส้าหรับการเพิ่มคุณภาพน้้าเชื้อในช้างเอเชีย  (Elephas maximus) ได้ การศึกษานี้มีวัตถุประสงค์เพื่อศึกษา
ความสัมพันธ์ระหว่างระดับฮอร์โมนไอจีเอฟ -วัน และเทสโทสเตอโรน (testosterone) ในเลือด และตัวแปรต่าง ๆ ในน้้าเชื้อ 
การศึกษานี้เก็บตัวอย่างเลือดและน้้าเชอจากช้างเอเชียรวม  17 ครั้ง (1– 3 ครั้งต่อเชือก) กระตุ้นการหลั่งน้้าเช้ือด้วยการนวดผ่าน
ทวารหนัก(rectal massage) ตัวอย่างน้้าเช้ือถูกตรวจสอบคุณลักษณะทั่วไป และตัวอย่างเลือดถูกน้าไปปั่นแยกส่วนเป็นซีรั่มและ
ทดสอบระดับฮอร์โมนไอจีเอฟวันด้วยชุดทดสอบเอนไซม์ลิงค์อิมมูโนซอร์เบนต์แอสเสย์  (enzyme-linked immunosorbent 
assay; ELISA) และประเมินหาความเที่ยงตรง (precision) และความแม่นย้า (accuracy)ผ่านการค้านวณค่าสัมประสิทธิ์ความ
แปรปรวนภายในและระหว่างชุดทดสอบ (intra- and inter-assay coefficient variation; CV) และทดสอบค่าความเป็นเส้นตรง
(linearity test) และค่าคืนกลับ (recovery test) ตามล้าดับ ระดับฮอร์โมนไอจีเอฟ -วันมีความสัมพันธ์เชิงบวกกับสัดส่วน
ของสเปอร์มาโตซัว (spermatozoa) ที่มีอะโครโซมสมบูรณ์ (intact acrosome) (r = 0.53, P < 0.05) และที่มีรูปร่างส่วนหัวปกติ 
(normal head morphology) (r = 0.48, P < 0.05) นอกจากนี้ระดับของฮอร์โมนไอจีเอฟ-วันยังมีความสัมพันธ์เชิงบวกกับระดับ
ของฮอร์โมนเทสโทสเตอโรนอีกด้วย(r = 0.73, P = 0.004)ในส่วนของความเท่ียงตรงพบว่าค่าสัมประสิทธิ์ความแปรปรวนภายในชุด
ทดสอบมีค่ 1.6 – 6.4% และระหว่างชุดทดสอบมีค่า 4.7 – 6.9% ตามล้าดับในส่วนของความแม่นย้าพบว่าค่าความเป็นเส้นตรง
ภายใต้การเจือจางเป็นล้าดับของตัวอย่างซีรั่มที่ทราบระดับความเข้มข้นมีค่าสูงมาก (R2 = 0.99) ร่วมกับระดับการคืนกลับที่ยอมรับ
ได้ (ค่าเฉลี่ย = 114.7 ± 19%, พิสัย = 100–143%) นอกจากนี้พบว่าค่าคืนกลับเฉลี่ยของตัวอย่างสไปค์ (spiked sample) ของ
ฮอร์โมนไอจีเอฟ-วันมีค่าเท่ากับ 107.2 ± 21%(พิสัย = 80.8–136.9%) โดยสรุปพบว่า ระดับของฮอร์โมนไอจีเอฟ-วันที่เพิ่มสูง
ขึ้นกับคุณลักษณะที่ดีของน้้าเชื้อซ่ึงแสดงถึงความสัมพันธ์ระหว่างระดับฮอร์โมนไอจีเอฟ-วันและฮอร์โมนเทสโทสเตอโรน ซ่ึงมี
ความส้าคัญต่อความสมบูรณ์พันธุ์ของช้างเพศผู้นอกจากนี้ผลการศึกษายังบ่งชี้ถึงชุดทดสอบอีไลซ่า  ที่ใช้ในการศึกษานี้สามารถใช้
ประเมินระดับฮอร์โมนไอจีเอฟ-วันในกระแสเลือดของช้างเอเชียได้  ูการศึกษาในอนาคตควรมุ่งเน้นการพิสูจน์กลไกทางชีวภาพที่
ส่งผลต่อคุณภาพน้้าอสุจิของฮอร์โมนไอจีเอฟ-วันในช้าง 
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ABSTRACT (ENGLISH) 

# # 6278004531 : MAJOR VETERINARY SCIENCE AND TECHNOLOGY 
KEYWORD: Asian elephants/ ELISA/ insulin-like growth factor-1/ semen quality/ testosterone 
 Yuqing Yang : RELATIONSHIP BETWEEN INSULIN-LIKE GROWTH FACTOR-1 AND SEMEN QUALITY IN 

ASIAN ELEPHANTS (ELEPHAS MAXIMUS). Advisor: Prof. Dr. KAYWALEE CHATDARONG, D.V.M., M.Sc., 
Ph.D. Co-advisor: Doctor Dr. Taweepoke Angkawanish, D.V.M., Ph.D. 

  
Evidence has been increasingly suggested that insulin-like growth factor-1 (IGF-1) is related to 

steroidogenesis and spermatogenesis. This may be conducive to find the causes of poor sperm quality in Asian 
elephants (Elephas maximus). The present study aimed to investigate whether correlations among serum IGF-1 
concentration, serum testosterone level and semen variables exist in elephants. A total of 17 ejaculates (1–3 
ejaculates/bull) were collected by performing transrectal massage. Before each ejaculate, blood samples were 
obtained (n = 17). Subsequently, semen characteristics of each ejaculate were evaluated. Assessments of 
precision (calculations of the intra- and inter-assay coefficient of variation, CV) and accuracy (tests of linearity 
and spike-recovery) were performed for ELISA validation. An increase of serum IGF-1 concentration was found 
to correlate with the percentages of spermatozoa with intact acrosome (r = 0.53, P < 0.05) and normal head 
morphology (r = 0.48, P < 0.05). The serum IGF-1 concentration was positively correlated with serum 
testosterone level (r = 0.73, P = 0.004). The results of validation demonstrated the CV was 1.6–6.4% for intra-
assay variability and 4.7–6.9% for inter-assay variability. Linearity under serial dilutions of a known serum 
concentration was confirmed (R2 = 0.99) with an acceptable recovery rate of each dilution (mean 114.7 ± 19%, 
ranging from 100 to 143%). Additionally, the mean percentage of recovery of spiked IGF-1 was 107.2 ± 21% 
(ranging from 80.8 to 136.9%). In summary, this commercial ELISA kit can be used to determine serum IGF-1 
concentration in Asian elephants. Moreover, our findings suggest the increased IGF-1 may be relate to good 
sperm quality and that the relationship between serum IGF-1 and testosterone concentration indicates a 
crucial role in the fertility of male elephants. Further works are interesting to investigate the exact mechanism 
by which IGF-1 affects semen quality in elephants. 

 

Field of Study: Veterinary Science and technology Student's Signature ............................... 
Academic Year: 2020 Advisor's Signature .............................. 
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CHAPTER 1 

 Introduction 

Captive Asian elephants (Elephas maximus) are important not only for the 

tourism economy but also for improving the genetic diversity of the ex-situ 

population. However, despite the importance, the number of captive elephants 

dramatically decreased by 95% in the last century in Thailand (Kontogeorgopoulos, 

2009). Moreover, a growing concern today is that the captive populations are not self-

sustainable in ranging countries other than European groups due to a low birth rate, 

high mortality and imbalance of sex ratio (Thitaram, 2011; Toin et al., 2020). 

Furthermore, it has been challenged to obtain consistently good semen quality 

because high variations in ejaculate quality have been exhibited even in the same 

bull (Brown et al., 2004b; Thongtip et al., 2008; Kiso et al., 2011). While artificial 

insemination (AI) with fresh, chilled and frozen-thawed semen is suggested to reduce 

limitations of animal transportation over long distances and risks of natural mating 

(Brown et al., 2004b; Thongtip et al., 2009; Hildebrandt et al., 2012), improving poor 

semen quality is necessary to obtain successful conceptions in the elephants.  

Insulin-like growth factor-1 (IGF-1) is located in the testis in which it is 

produced by Sertoli cells and Leydig cells, and it can modulate reproductive 

performance by stimulating steroidogenesis, cell proliferation and differentiation 

(Vannelli et al., 1988a; Cailleau et al., 1990; Lejeune et al., 1996; Roser, 2001; Griffeth 

et al., 2014). IGF-1 receptors have been identified in the spermatogonia (Le Gac et al., 

1996), spermatocytes (Yoon et al., 2011), early spermatids (Vannelli et al., 1988b), 

spermatozoa (Henricks et al., 1998; Naz and Padman, 1999) and basal cells of the 

epididymis (Leheup and Grigong, 1993; Yoon et al., 2015) in several species. The 

above information suggests that the IGF-1 is involved in steroidogenesis and signals 

regulating spermatogenesis of the paracrine-autocrine system. Furthermore, serum 
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IGF-1 is simultaneously increased with testicular volume in men (Juul et al., 1994). 

The Igf1 gene encodes IGF-1, mice with an Igf1 null mutation are observed smaller 

sizes of testis and epididymis, lower levels of testosterone and sperm concentrations  

(Baker et al., 1996). A significantly lower level of serum IGF-1 is associated with 

semen abnormalities and prostate cancer (Baffa et al., 2000; Lee et al., 2016). 

Recently, the serum IGF-1 concentration in association with sperm concentration and 

motility has been reported in the buffalo bull (Kumar et al., 2019). Greater IGF-1 

concentration in peripheral blood has been identified in the normal-semen group 

(normal sperm head morphology and motility) in Japanese black beef bulls during 

puberty age (Weerakoon et al., 2018).  

Measurements of IGF-1 concentration are useful to understand possible 

factors relating to sperm quality and then to improve fertility rate. Nevertheless, so 

far, there is no information available regarding the role of IGF-1 in Asian elephant 

fertility. Therefore, the objectives of this study were to: (i) determine the 

relationships among serum IGF-1 concentration, testosterone level and semen 

variables, (ii) assess the validity of a commercially human IGF-1 enzyme-linked 

immunosorbent assay (ELISA) kit in detecting concentrations of serum IGF-1 in the 

Asian elephant bulls.  
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CHAPTER 2 

Literature Review 

2.1 Status of population  

Asian elephant (Elephas maximus) has been listed as an endangered species 

in the International Union for Conservation of Nature (IUCN) Red List of Threatened 

Species. In Thailand, the number of captive elephants dramatically decreased from 

100,000 in 1900 to only 4,450 in 2009 (Kontogeorgopoulos, 2009). Recently, captive 

and wild elephants were estimated at less than 4,000, respectively, in Thailand. 

Maintaining the population of Asian elephants in a self-sustainable status has been 

focused on for decades. However, the reproduction rate is still low, possibly because 

of a low birth rate, high mortality, and skewed sex ratio (numbers of males < 

females) (Bansiddhi et al., 2018; Toin et al., 2020), although the use of elephants has 

been changed from logging to tourism in Thailand (Thitaram, 2011). 

 

2.2 Reproductive anatomy 

Testis morphology plays a crucial role in male reproductive status. The 

unique reproductive system of male elephants is the intraabdominal testis. The testis 

size of elephants varies with age, which has been identified in a previous 

investigation in which the diameter of immature testis ranges from 2 cm (newborn) to 

9 cm (prepuberty) and mature testis is more than 10 cm (Hildebrandt et al., 2000a). 

The same authors found the testis size of older or dominant elephants is around 10 

to 16 cm with consistent good semen quality. By comparison, inconsistent and 

inviable semen quality was obtained when elephants with testis diameters less than 

10 cm (Hildebrandt et al., 2000a).  

The maximum diameter of ampullae of Asian and African elephant bulls is 

estimated by ultrasound at 5 cm with a length of 6–8 cm (Hildebrandt et al., 2000b). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4 

In Thailand, elephants' left and right ampullae range from 1.59–5.50 cm and 2.59–

4.48 cm, respectively (Imrat et al., 2014). The ampullary diameters are positively 

correlated with the improvement of the level of motile, normal sperm morphology, 

and intact membrane spermatozoa after frequent stimulations; no correlation is 

found between age and ampullae size (Imrat et al., 2014).  

Seminal vesicles are usually the largest accessory glands of a breeding bull. It 

can contain up to 400 mL of fluid in each gland in elephants. In a healthy elephant 

bull, the seminal vesicles combined 25–150 mL of fluid per ejaculation, up to five 

times per day, during natural breeding (Hildebrandt et al., 2000b). There is no 

evidence that prostate glands could be used as an infertility indicator. However, the 

only difference in sex assessor glands between African and Asian elephants is that 

Africans have the larger prostate gland. One previous study revealed that one or 

more accessory sex glands (ampullae, seminal vesicles, prostate gland, etc.) during 

the collection process might be influencing semen quality (Kiso et al., 2013).  

A better understanding of the reproductive system is helpful to mitigate poor 

breeding problems in elephants. In addition, these criteria are useful to choose an 

optimal donor for breeding. 

 

2.3 Reproductive behavior 

Mating behavior 

Puberty of captive elephants is defined as 10 to 15 years of age and bulls 

during this period are capable of sperm production; however, bulls cannot 

successfully mate until 18 to 20 years old due to insufficient large body size to 

mount cows (Schulte, 2006).  

Males advertise their reproductive status, physical states and locations to 

attract females and other males by vocalizing and giving off chemical signals. 
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Elephants can make low-frequency calls ranging 15–35 Hz at 5 m from the 

source (Poole et al., 1988). The low frequency of calls is used as a medium to 

coordinate their reproductive activities between individuals and group 

communications, such as cow-calf, males-males, females-males vocalizations 

because these calls can extend distances of several kilometers (Poole et al., 1988; 

Langbauer et al., 1991). When males perceive vocalizations from females, they will 

remain silent to approach males to not alert rivals and move toward females as 

quickly as possible (Poole, 1987). As a result, musth elephant bulls tend to be more 

dominant than non-musth bulls and they spend more time with females searching 

for mating opportunities and frequently vocalizing to attract females in estrus (Poole, 

1987).  

On the contrary, younger and smaller elephant bulls are likely to 

compromise the frequency of vocalizations. The size of males determines the 

success in male-male competition for female mating. Older musth elephants are 

more successful than youngsters at guarding receptive females because older bulls 

are larger and more aggressive (Poole, 1989). Estrous females are exercising choice to 

mate with old, vigorous and healthy males. Male bulls do not need to mate 

throughout the musth period, but females show preferences for high-ranking musth 

bulls to mate. 

In addition to vocalization, wild Asian elephants use complex olfactory 

chemical signals to maximize reproduction success (Payne et al., 1986). During the 

preovulatory period, female Asian elephants release a higher level of the estrous 

pheromone (urinary pheromone (Z)-7-dodecenyl acetate), which peaks before 

ovulation. Musth wild bulls with behavioral responses such as temporal gland 

swelling/secretion can significantly detect periovulatory cows and precisely and 

assess their ovulatory status. These actions provide synchrony between sexes for 

successful reproduction (Rasmussen et al., 2005).  
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Musth 

Elephant handlers or keepers are injured even died due to the disobedience 

and violence of musth elephants. More importantly, the human-elephant conflict is 

provoked. Considering that, the specific musth management for the captive and wild 

elephants are urgently necessary for ensuring the safety of humans, other animals 

and violence in the herd. In this chapter, the musth of elephants will be discussed to 

provide more information on this special reproductive status and emphasize 

managing elephant musth.  

In elephants, the musth period is based on serum testosterone concentration 

in the elephants (Brown et al., 2007). In reindeers, the plasma insulin-like growth 

factor-1 reaches a peak at the rutting period (Bubenik et al., 1998). Captive bulls 

exhibit musth much earlier than those in the wild (Poole, 1987; Ganswindt, 2005; 

Ganswindt et al., 2010). Both Asian and African bulls exhibit a similar pattern of 

musth throughout a year in terms of behavioral (aggression; disobedience; decreases 

of appetite, etc.) and/or physical signs such as temporal gland secretion/swelling, 

urine discharge, penis discoloration and particular odor, etc. (Brown et al., 2007; 

Ganswindt et al., 2010). The musth duration is highly variable among one day to 

several months between or within an individual (Asian elephant: one to ten months 

(Brown et al., 2007), Africa elephants: one day to 127 days (Poole, 1987)).  

However, the triggers of musth in the elephants are still not clear. Regardless 

of that, bulls frequently exhibit musth during high rainfall seasons and when 

interacting with estrus cows. Furthermore, many studies revealed a significant 

increase in androgen (Ganswindt et al., 2010; Chave et al., 2019). A distinguishing 

feature of musth elephants is a markable increase of testosterone level compared to 

non-musth elephants (Brown et al., 2007; Somgird et al., 2016; Chave et al., 2019). 

Moreover, luteinizing hormone (LH), follicle-stimulating hormone (FSH), thyroid 
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hormone (total and free T4) production and cortisol secretion increase during the 

musth status (Ganswindt, 2005; Brown et al., 2007; Chave et al., 2019). Therefore, 

these are likely to be considered as a trigger of musth, but further investigations are 

needed.  

The elephant facility needs to take housing, diet and health care into 

considerations for safe and proper musth management. Every musth cycle from 

beginning to the end needs managers to continuously and closely monitor individual 

bull. Non-invasive hormonal monitoring is necessary to predict and avoid 

unpredictable aggression and violence. Recently, vasectomy has been performed; 

but it does not impact musth behaviors (Zitzer and Boult, 2018). In addition to 

surgery, the leuprolide acetate (a gonadotrophin-releasing hormone (GnRH) agonist) 

has been used to control musth; however, the permanent and temporary damage to 

the reproductive organs still not evident. Also, vaccination against GnRH has been 

used and validated that aggression is improved by this treatment (De Nys, 2010). 

Although keeping elephants isolated in captivity until the end of musth is a very 

conventional method, it is, to some extent, a safe and less costly approach.  

 

2.4 Semen characteristics 

Sperm physiology 

The dimensions of Asian elephant (Elephas maximus) spermatozoa were 

detected using computer-assisted sperm analysis (CASA) with an estimated length of 

7.5 µm major, 3.8 µm minor, and 57.8 µm elongation. The size for the sperm head of 

the Asiatic elephant (Elephas maximus) are estimated at 7.8 µm in length and 4.7 

µm in width, and 47.3 µm for the sperm tail (Heath et al., 1983). Compared to most 

mammals, sperm cells and bodies of elephants are smaller (Cummins and Woodall, 

1985).  
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Seminal characteristics with 226 ejaculates of Asian elephants have been 

demonstrated, including volume, sperm concentration, progressive motility, sperm 

viability, pH (Thongtip et al., 2008), which provides more general information for the 

physiology of elephant sperm.  

The most abundant membrane fatty acid is docosahexaenoic acid in the 

spermatozoa of elephants (Swain and Miller Jr, 2000). However, there is a higher 

percentage of membrane docosahexaenoic acid in the African spermatozoa than 

Asian elephants, which may cause the differences in reacting to the freezing 

procedure. Images of Asian elephant spermatozoa evaluation using different 

methods shown in Fig. 1–Fig. 4. Images were taken by Yuqing. 
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Figure  1 Asian elephant sperm acrosome was assessed using FITC-PNA/PI staining 
under a fluorescent microscope at a magnification of 1000 ×. a). Acrosome-intact: 
spermatozoa with bright green fluorescence of the acrosomal cap; b). Acrosome-
missed: spermatozoa with a fluorescent band at the equatorial segment or no 
fluorescence. 
 

 

Figure  2 Asian elephant sperm acrosome was assessed using Coomassie blue 
staining under a light microscope at a magnification of 1000 ×. a) Acrosome-intact: a 
clear demarcation of acrosome in the apical region of sperm head; b) Acrosome-
reacted: negligible (faint or no dark) staining in the acrosomal region. 

(a) 

(b) 

(b) 

(a) 
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Figure  3 Asian elephant sperm DNA was assessed using Acridine orange (AO) staining 
under a fluorescent microscope at a magnification of 1000 ×. a). Normal: 
spermatozoa head with green fluorescence (double-stranded); b). Abnormal: 
spermatozoa stained with red, yellow, orange, or mixed fluorescence 
 

 
Figure  4 Asian elephant sperm head morphology was assessed using William staining 
under a light microscope at a magnification of 1000 ×. a). Normal; b). Loose; c). 
Round; d). Narrow. 
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Seminal plasma 

Seminal plasma is a critical element of semen quality and an essential and 

potential source of male fertility. Malondialdehyde (MDA) and protein carbonyls (PC) 

are important biomarkers for detecting lipid and protein oxidation (Saraniya et al., 

2008; Shiva et al., 2011). Seminal MDA and PC of Asian elephants have been reported 

as being higher in the good (motility > 60%) than poor semen (motility < 20%) 

quality group (Satitmanwiwat et al., 2017), suggesting oxidative processes may affect 

elephant sperm motility. A previous study has reported that 85% of Lactotransferrin 

presents good sperm motility, suggesting Lactotransferrin may be a key point for 

elephant semen preservation (Kiso et al., 2013). Also, the same authors found that 

seminal CPK, Na+, Cl-, and GLU are also highly presented in sperm with good motility. 

Furthermore, seminal plasma derived from stallions can maintain the sperm motility 

of Asian elephants during the cooling process (Pinyopummin et al., 2017). 

Nevertheless, the studies of seminal plasma in elephants are limited. 

 

2.5 Poor semen quality  

The semen quality of Asian elephants is categorized into good and poor 

semen quality based on sperm motility in the previous investigations (Kiso et al., 

2013; Satitmanwiwat et al., 2017). Reproductive failure in elephants is caused by 

females and/or males (Hildebrandt et al., 2000). In the aspect of male elephants, 

inconsistent and unpredictable sperm quality has been confirmed. Specifically, 

significant variations have been observed within and/or between ejaculate quality 

even in the same individual bull, although the volume of ejaculate is far more 

enough (Brown et al., 2004; Thongtip et al., 2008; Kiso et al., 2011), which possibly 

causes low pregnancy rate of elephants. Factors contributing to poor semen quality 

in the elephants are not fully understood.  
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Semen can be collected from elephants by using various methods, including 

rectal massage (Schmitt and Hildebrandt, 1998), electroejaculation (Howard et al., 

1984), and artificial vagina (Hildebrandt et al., 2000b). Transrectal massage without 

sedation is a safe and practical method. Therefore, it is commonly used for routine 

semen collection from elephant bulls nowadays; however, sperm quality collected 

by this method is generally poor, especially with high levels of DNA damage (O'Brien 

et al., 2013).  

In Thailand, the lowest semen quality is obtained during summer and the 

highest is obtained in the rainy season even though the elephant is a non-seasonal 

breeder (Thongtip et al., 2008). Age-associated semen quality has been reported that 

the greatest semen quality is found in 23–43-year-old group. In contrast, the semen 

concentration is the lowest during the age from 10 to 19 years old in Asian elephant 

bulls (Thongtip et al., 2008). Moreover, the accumulation of senescent semen seems 

another main factor causing poor semen quality in the elephants. It was previously 

reported that the levels of the motile and intact membrane, normal morphology 

spermatozoa are increased after frequent stimulations (five times on alternate days). 

In the same study, semen pH is increased from neutral to alkaline with higher 

ejaculate motility after repeated semen collections (Imrat et al., 2014).  

Intraabdominal testis of elephants means no pampiniform plexus can cool 

down the body temperature. As a result, the average body temperature of elephants 

is 34–36 °C. In particular, Asian elephants live in tropical weather in Thailand. This 

uniqueness has been suspected as the one factor contributing inconsistent semen 

quality of elephants, but the underlying reasons are not validated. 
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2.6 Assisted reproductive technologies (ARTs) 

Artificial insemination (AI)  

Due to restrictions on the transportation of endangered species across 

countries, captive breeding management is currently crucial to conserve genetic 

diversity. In addition, assisted reproductive technologies (ARTs) help minimize the 

violence during natural mating and risks of disease transmission between males and 

females (Hildebrandt et al., 2006). 

Artificial insemination (AI) has been validated and used as an alternative tool 

for enriching the captive population genetic pool in this endangered species. 

However, only one study reported AI with frozen-thawed semen successfully 

produced the birth of Asian calve (Thongtip et al., 2009). Factors contributing to 

success AI or success pregnancy were complex, which depends on screening and 

providing good quality semen during the estrus cycle. Specifically, this including the 

use of hormone monitoring (Enzyme immunoassay [EIA] and Radioimmunoassay 

[RIA]) of progesterone or luteinizing hormone (LH) in the females to determine the 

accurate timing (conducting several inseminations at 18-22 days later to coincidence 

with LH2) for AI and the delivery of semen into the anterior vagina  (Brown et al., 

2004b; Thongtip et al., 2009; Hildebrandt et al., 2012). 

 

Semen (cryo)preservation 

Successful semen preservation can maximize the utility of AI by using 

appropriate extenders to reduce the metabolic activity of spermatozoa of elephants 

during the cooling (chilling or freezing) process (Kiso et al., 2011). Fragile semen of 

Asian elephants during cryopreservation is not difficult to find, and it has faced many 

obstacles and difficulties compared to African elephants. Many attempts have been 

reported to discover the underlying factors causing disappointing semen in Asian 
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elephants. For example, the dilution ratio affects elephant sperm motility 

(Pinyopummin et al., 2018). Also, pretreatments make semen preservation possible 

because cooling, dilution, and post-thaw processes adversely impact on sperm DNA 

integrity when incubating elephant semen at 37 °C (Imrat et al., 2012). Thus, it implies 

that it is vitally necessary to perform carefully in every (cryo)preservation process in 

which DNA damage should be avoided as much as possible. Even though sperms are 

sensitive to the components of different semen extenders in Asian elephants, many 

extenders, cryoprotectant and cryopreservation protocol have been recommended 

(Thongtip et al., 2004; Kiso et al., 2011; Kiso et al., 2012; Buranaamnuay et al., 2013; 

Imrat et al., 2013). Moreover, a field-friendly technique for cryopreserving semen in 

Asian elephants has been discovered in a recent report in which faster rates of 

freezing and thawing (at temperatures of 50 °C or 75 °C) together with the use of a 

dry shipper are recommended to increase the efficacy and practicability of semen 

cryopreservation (Arnold et al., 2017). Nevertheless, making effective semen 

(cryo)preservation protocols in this field needs more investigation. 

 

2.7 Insulin-like growth factor-1 (IGF-1) 

The IGF-1 is a 70 amino acid peptide. It is secreted primarily by the liver and 

found in all body tissues and fluids (Griffeth et al., 2014). The IGF system, which 

consists of IGF-1 and IGF-2 ligands, is part of a major growth-promoting signaling 

system involved in embryonic and postnatal development. Moreover, IGF-1 is vital 

for measuring fetal body growth and is produced at low levels during the embryonic 

period. Thus, IGF-1 is considered more important for adult growth/development than 

other insulin family members (Dupont and Holzenberger, 2003). Thus, the baseline of 

serum IGF-1 concentration has the potential to be a diagnostic tool to measure 

postnatal developments and nutritional status in captive endangered species or even 

those in the wild (Govoni et al., 2011). 
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IGFs are the essential growth factors in regulating the number of Sertoli cells 

and size of testis (Pitetti, 2013). Testis size and sperm production are directly 

correlated to the total number of adult Sertoli cells (Orth et al., 1988). IGF-1 has 

been identified in the testis (Vannelli et al., 1988a; Yagci and Zik, 2006; Yoon et al., 

2011), where it is produced by Leydig cells and Sertoli cells (Lin et al., 1990; Roser, 

2001). IGF-1 receptors (IGF-1Rs) have been identified in the spermatogonia, 

spermatocytes, early spermatids, spermatozoa, Sertoli cells, and Leydig cells 

(Vannelli et al., 1988; Le Gac et al., 1996; Henricks et al., 1998; Naz and Padman, 

1999; Yoon et al., 2011) and cells of the epididymis (Leheup and Grigong, 1993; Yoon 

et al., 2015). In the seminal plasma, IGF-1 has been investigated in boar (Hirai et al., 

2001; Zangeronimo et al., 2013), bovine (Henricks et al., 1998), equine (Yoon et al., 

2011), human (Naz and Padman, 1999; Lee et al., 2016), rabbit (Minelli et al., 2001), 

and fish (Le Gac et al., 1996). All the above evidence is supporting that IGF-1 is 

essential in signal-regulating spermatogenesis in mammals. 

Spermatogenesis is a complex physiological process in which spermatogenic cells 

are influenced by testosterone and pituitary gonadotrophins through the endocrine-

paracrine-autocrine systems (De Kretser et al., 1998). Several external and internal 

factors, such as seasons, puberty and protein factors, have been proposed as being 

associated with the process of spermatogenesis, resulting in cellular activities (Gnessi 

et al., 1997; Roser, 2001). Male reproduction depends upon local paracrine and 

autocrine factors such as IGFs, transferrin, transforming growth factor (TGF), steroid 

hormones (testosterone), and classic endocrine gonadotropins (LH and FSH). All 

factors coordinate together to control spermatogenesis under the hypothalamic-

pituitary-testicular (HPT) axis (Gnessi et al., 1997).  
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2.8 IGF-1 and male infertility 

Serum IGF-1 has simultaneously increased with testicular volume in men (Juul 

et al., 1994). IGF-1 is encoded by the Igf1 gene, mice with an Igf1 null mutation are 

around 30% smaller, have reduced weights of the testis, epididymis, and 

testosterone and sperm concentrations are less than a quarter of normal control 

groups (Baker et al., 1996). Moreover, the first cycle conception rate of stallions 

females is negatively correlated to seminal IGF-1 concentration of males, suggesting 

that IGF-1 is an independent biomarker of infertility (Novak et al., 2010). 

The IGF-1 level is related to male infertility; however, it is varied among 

species. In bovines, the mean (± SD) serum IGF-1 concentration was estimated as 

116.29 ± 40.83 ng/mL detected by RIA (Henricks et al., 1998). Also, the same author 

found sperm motility was improved by the interaction between IGF-1 and its 

receptor at the sperm acrosomal region and the supplementation of IGF-1 (250 

ng/mL), which maintains good semen motility compared to the control group (IGF-

1:100 ng/mL) (Henricks et al., 1998). Men with normal semen parameters had 

different levels of serum and seminal IGF-1 concentrations (175.4 ± 42.7 and 15.4 ± 

8.3 ng/mL, respectively); accordingly, men with abnormal sperm parameters had a 

lower level of IGF-1 (137.6 ± 27.1 and 17.0 ± 5.2 ng/mL, respectively) (Lee et al., 

2016). In buffalo bulls, there is a positive correlation between IGF-1 concentration in 

serum (mean, 1555.22 ng/mL; range, 927 to 2247 ng/mL) and sperm motility and 

concentration, respectively (Kumar et al., 2019). 

In boars, the addition of IGF-1 into seminal plasma (mean, 1.5 ± 0.20 ng/mL; 

range, 1.39 to 2.44 ng/mL) can maintain sperm longevity (Zangeronimo et al., 2013). 

During the cooling storage of ram semen, the supplementation of IGF-1 significantly 

improves spermatozoa motility and membrane integrity (Makarevich et al., 2014). In 

the buffalos, seminal IGF-1 positively affects sperm motility, plasma membrane 

integrity, lipid peroxidation, and fructose uptake in vitro (Selvaraju et al., 2009).  
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To date, only one study published the concentration of serum IGF-1 detected 

by RIA in seven threatened hoofstock species, including male Asian elephants (307 ± 

52 ng/mL) (Govoni et al., 2011).  

 

2.9 Factors that affect IGF-1 concentrations 

IGF-1 is stimulated by testosterone (Itoh et al., 1994), FSH (Cailleau et al., 

1990; Itoh et al., 1994), LH (Lejeune et al., 1996). The synthesis and release of 

testicular IGF-1 are mediated by growth hormone (GH) (Chandrashekar et al., 1999). 

The absence of growth hormone receptors (GHRs) and IGF-1 secretion is associated 

with reduced body weight and testicular function (Chandrashekar et al., 1999). GH 

and IGF-1 act at pituitary gonadotrophs and gonadal sites to modify GnRH actions, 

influencing gonadal functions (Choubey, 2020). In the Sertoli cells, FSH amplifies IGF-

1 to mediate PI3K/AKT signaling; FSH also enhances PI3K/AKT signaling (Khan et al., 

2002). FSH and IGF-1 pathways are intimately connected in animals (Cannarella et al., 

2018). Thus, factors influencing the productions of gonadotrophins and GH may also 

affect the IGF-1 level.  

Besides, IGF receptors (IGFRs) and IGF-1 binding proteins (IGFBPs) are 

significantly recognized in the IGF family (Jones and Clemmons, 1995). The majority 

of actions of IGF-1 such as cell cycle progression, cell proliferation and cell death are 

mediated by IGF-1R (Le Gac et al., 1996; Naz and Padman, 1999; Yoon et al., 2011; 

Yoon et al., 2015). In addition, IGFBP-2 (Macpherson et al., 2002), IGFBP-3 (Plymate et 

al., 1996), IGFBP-5 (Macpherson et al., 2002) and IGFBP-6 at least six high-affinity 

binding proteins coordinate together and regulate the biological activities of the IGFs. 

Furthermore, IGFBPs can inhibit or enhance IGFs actions. Thus, the bioavailability and 

effects of IGFs are also controlled by IGFBPs. 
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Nutritional status plays an influential role in IGF-1 levels. Levels of serum and 

seminal plasma IGF-1 are higher when rams are fed with high-energy diets than the 

low-energy dietary group (Selvaraju et al., 2012). Enrichment of n-3 PUFA in the 

buffalo bull diet significantly increases levels of IGF-1 and testosterone (Tran et al., 

2016). On the other hand, overweight elephants are not difficult to find in the zoo or 

captivity. Up to 39% of the population of Asian elephants reaches high body 

condition scores (4.0–5.0) in Thailand (Norkaew et al., 2018) as well as 74% of the 

population in both African (Loxodonta africana) and Asian (Elephas maximus) 

elephants in North American zoos is overweight (Morfeld et al., 2016). Thus, IGF-1 has 

the potential to be a measurement tool for monitoring nutritional status and 

screening obesity of elephants.  

IGF-1 concentration is related to age, particularly the age of puberty, and it has 

been shown to support the development and maintenance of spermatogenesis 

(Hess and Roser, 2001). During puberty, the strong contents of testicular IGF-1 and 

IGF-1R have been shown in Leydig cells and spermatogonia in the stallion testes 

(Yoon et al., 2011). The previous study has been demonstrated that high plasma and 

testicular IGF-1 levels are exhibited in the stallions younger than two years old and 

decrease until more than five years old, suggesting that IGF-1 may be under the 

control of or regulate testicular development (Hess and Roser, 2001). The same 

result has been shown in men, demonstrating that the growth factor is known as IGF-

1, which depends on ages; it gradually increases until 13-15 years old, but after 

puberty, it ultimately decreases (Salardi et al., 1986).  

 

2.10 Testosterone 

Testosterone is secreted by Leydig cells, and it plays a key role in several male 

reproductive functions, including extragonadal actions for sexual (libido) and anabolic 
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(muscle strength, bone density) functions (Dutta et al., 2019). Additionally, it has 

been clear that testosterone is essential in the maintenance of qualitatively semen 

quality by playing imperative roles in spermatogenesis, sperm maturation and sperm 

release. And testosterone improves sperm motility, facilitates spermatogenesis 

locally in the Sertoli cells as a paracrine factor, and provides feedback for GnRH and 

LH secretion (Meeker et al., 2007).  

Testosterone significantly increases both IGF-1 and IGFBPs, stimulating cell 

proliferation by a complex process (Ashton et al., 1995). As demonstrated in other 

species, circulating serum IGF-1 concentration is associated with testosterone 

(Ditchkoff et al., 2001; Brito et al., 2007). 

In the male elephants, the overall mean testosterone concentration and its 

baseline of Asian elephant bulls have been measured at 33.40 ± 1.88 and 1.12 ± 0.39 

ng/mL, respectively (Brown et al., 2007). Age can influence serum and seminal 

plasma testosterone in Asian elephant bulls. (Thongtip et al., 2008). During the musth 

period, testosterone exceeds 50 ng/mL (Brown et al., 2007). GnRH induces LH 

secretion and is followed by testosterone secretion during the musth period other 

than the pre-musth and post-musth periods (Somgird et al., 2016).  

 

2.11 Enzyme-linked immunosorbent assay (ELISA) validation  

ELISA validation is an evaluation process to determine its fitness for a 

particular use. The assessment of ELISA validation is designated to combine dilutional 

linearity assay and spike-and-recovery test simultaneously (Scientific, 2007). Linearity-

of-dilution assays and spike-and-recovery tests are the most common and essential 

methods to validate and assess the ability of the ELISA in measuring the true or 

accurate amount of target analyte in the sample (Kragstrup et al., 2013; Axnér and 

Holst, 2014).  
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Linearity-of-dilution 

A linearity-of-dilution assay is used to demonstrate an accurate linear 

detection of examined target analyte concentrations, representing accuracy and 

reliability in the ELISA (Wang et al., 2012; Stiller et al., 2016). During this process, a 

known concentration sample is diluted under serial dilutions such as 1:2, 1:4, 1:8 and 

other subsequent dilutions. Suppose the sample results do not show linear dilution 

indication matrix component, which interferes with detecting the accurate target 

analyte under the specific dilution in the ELISA. The percentage recovery of each 

dilution ranging from 80% to 120% is acceptable and it is calculated by dividing the 

observed values by the expected values and multiplying by 100.  

  % Recovery of dilution (1:2) = con (analyte at dilution 1:2) / con [neat]) 

% Recovery of dilution (1:4) = con (analyte at dilution 1:4) / con (analyte at dilution 
1:2) 

% Recovery of dilution (1:8) = con (analyte at dilution 1:8) / con (analyte at dilution 
1:4) 

 etc. for all other subsequent dilutions. 

 
 
 

Precision 

Linearity-of-Dilution assays 

Accuracy 

Spike-and-Recovery tests  ELISA validation 
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Spike-and-recovery 
A spike-and-recovery test refers to the accuracy and reliability of the ELISA. It 

is used to investigate whether a component in the sample interferes with the ELISA 

(Stiller et al., 2016). A spike-and-recovery test is performed to examine whether 

analyte detection is affected by a difference between the diluent used to prepare 

the standard curve and the experimental sample matrix (Scientific, 2007). A known 

amount of analyte is spiked with a test sample matrix and its response is measured 

by testing this sample against an identical spike in the standard sample diluent in the 

ELISA. The result of spike concentration is recovery. 

 

% Recovery= [con (observed) – con (neat)] / con (expected) 

Precision 

A precision test is a measurement of the dispersion of results for a repeatedly 

tested sample. A small amount of dispersion indicates a precise assay. Precision is 

measured by calculating intra-assay coefficients of variation (CV) and inter-assay CV. 

Intra-assay CV is used to determine the within assay error (the error associated with 

running the same sample in one assay) and inter-assay CV is used to determine the 

between assay error (the error observed when the same sample is run in different 

assays) (Brown et al., 2004c). The CV is calculated: 

Coefficient of variation = (SD/mean) * 100% 

 

2.12 Hypothesis 

       There are relationships among levels of serum IGF-1, serum testosterone and 
semen variables of Asian elephants. 
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2.13 Objectives  

(1). To determine the relationships among serum IGF-1 concentration, testosterone 
level and semen variables in the Asian elephant bulls. 

(2). To assess the validity of a commercially human IGF-1 enzyme-linked 
immunosorbent assay (ELISA) kit in detecting concentrations of serum IGF-1 in 
this endangered species 
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CHAPTER 3 

Materials and Methods 

3.1 Animals 

The study was approved by the Animal Care and Use, Faculty of Veterinary 

Science, Chulalongkorn University, Bangkok (approval number 2031044). 

Seven healthy captive-born Asian elephant bulls, aged from 12 to 46 years 

(averaged 28.9 ± 13.5 years) with a mean body weight of 3357 ± 512 kg, housed at 

the National Elephant Institute (NEI), Forest Industry Organization Lampang, Thailand 

(latitude 18º 21.60′E and longitude 99º 14.92′E) were included in the present study. 

All elephant bulls were maintained in mixed social groups with females working for 

tourists either riding (with a saddle) or showing no more than 4 hours per day. When 

not working, the elephants were fed with Napier grass (Pennisetum purpureum), 

pangola grass (Digitaria eriantha), tamarind (Tamarindus indica), banana and other 

natural foods. The availability of foods varied with seasons. After working, all bulls 

were chained separately with long 20–30-m chains in the forest for foraging (from 

16:00 to 18:30). Routine health examination was performed by veterinarians three 

times a year.  

 

3.2 Blood sampling  

Blood samples (3–6 mL; n = 17) were collected from elephant ear veins 

between 9:00 to 10:00 a.m. before each ejaculate of the semen collection 

procedure. Samples were centrifuged at 2,000 × g for 10 min. Serum samples were 

harvested and stored at -20 °C until analysis. 
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3.3 Semen collection and evaluation 

Seventeen ejaculates (one to three ejaculates per bull) were obtained from 

seven bulls by performing rectal massage as previously described (Schmitt and 

Hildebrandt, 1998). Ejaculates with the visualized or olfactory scent of urine 

contamination were excluded. Each ejaculate was evaluated immediately for color, 

volume and pH. For the percentages of motility and progressive motility, an aliquot 

of 5-µL of each ejaculate dropped on a pre-warmed glass slide (37 °C) and covered 

with a pre-warmed coverslip was subjectively estimated under a phase-contrast 

microscope at a magnification of 200 × (Olympus, Shinjuku, Japan) by three 

experienced evaluators. A hemocytometer chamber (Boeco, Hamburg, Germany) was 

used to determine sperm concentration.  

 

3.3.1 Sperm membrane integrity 

Eosin-nigrosin staining was used to assess the percentage of viable sperm. A 

total of 200 spermatozoa per sample was evaluated. Spermatozoa with no staining 

were classified as intact membrane (or live spermatozoa) and spermatozoa stained 

pink were classified as non-intact membrane (or dead sperm) (Björndahl et al., 2003). 

 

3.3.2 Sperm morphology 

Sperm head morphology was assessed using William’s staining (Lagerlöf, 

1934). Five hundred spermatozoa per sample were examined under a light 

microscope (Olympus, Japan) at a 1000 × magnification with oil immersion. 

Abnormal sperm head morphology included the narrow head, pear shape, 

giant/broad/round/small head, abnormal contour, abnormal acrosome, abaxial, 

undeveloped, loose.  For sperm tail morphology, an aliquot of the mixture of 5 µL 
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semen with formal saline solution (1:10) was dropped on a microscopic slide. Then, 

two hundred spermatozoa per sample were assessed under a phase-contrast 

microscope at 400 × magnifications by counting the amount of proximal droplet, 

distal droplet, simple bent, coil, abnormal midpieces, loose and normal tail. 

 

3.3.3 Functional membrane integrity 

The functional integrity of sperm plasma membrane was determined using a 

short hypo-osmotic swelling test (sHOST) (Pérez-Llano et al., 2001; Buranaamnuay et 

al., 2013). Briefly, each ejaculate (20 µL) was incubated at 37 °C in 200 µL hypo-

osmotic solution (75 mOsm/kg; 1:10, v/v) for one hour. After incubation, the semen 

was fixed in a hypoosmotic solution supplemented with 5% (v/v) formaldehyde 

(Merck, Darmstadt, German). A drop (5 µL) of the mixture was placed on a warm slide 

(37 °C) and covered with a coverslip. A total of 200 spermatozoa per sample were 

counted under a phase-contrast microscope (400 ×). Coiled-tail spermatozoa 

presented as intact functional membrane integrity (sHOST positive).  

 

3.3.4 Sperm DNA integrity 

Sperm DNA integrity was examined on Acridine orange (AO) fluorescence by 

modifying previous reports (Tejada et al., 1984; Thuwanut et al., 2008). Briefly, a thin 

smear of 8-10 µL of diluted semen onto a slide and air-dried on the slide warmer (37 

°C). The slides were fixed in Carnoy’s solution (methanol: glacial acetic acid, 3:1 v/v) 

overnight at room temperature and air-dried again. The smeared slides were stained 

with 1% (100 mg/mL) AO for 10 min. The AO staining solution was prepared daily by 

adding 10 mL of 1% AO to 40 mL of 0.1 M citric acid (Merck, Darmstadt, Germany) 

and 2.5 mL of 0.3 M Na2HPO4·7H2O (Merck, Darmstadt, Germany) and then stored at 

the room temperature at the dark. After staining, the slides were gently rinsed in a 
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stream of distilled water. Two hundred spermatozoa per slide were examined using a 

fluorescent microscope (BX51, Olympus, Japan) at a 1000 × magnification with oil 

immersion. Spermatozoa head with green fluorescence was considered as normal 

DNA integrity (double-stranded), whereas those spermatozoa stained with the red, 

yellow, orange, or mixed fluorescence were considered as abnormal (Liu and Baker, 

1992). 

 

3.3.5 Acrosome integrity  

The intactness of sperm acrosome was evaluated using fluorescein 

isothiocyanate-labeled peanut (Arachis hypogaea) agglutinin (FITC-PNA) combined 

with propidium iodide (PI) staining (Axnér et al., 2004). Briefly, 10 µL FITC-PNA (1 

mg/mL) was diluted with 90 µL phosphate buffer saline (PBS) and mixed with 5 µL of 

340 µM PI. A circle smear of 5 to 8 µL of diluted semen was performed on a clean 

slide and air dried. The sample was fixed in 95% ethanol (v/v) for 30 s and allowed 

to air dry. Subsequently, spread a 50 µL mixture of FITC-PNA/PI over the smeared 

slide. After incubation for 30 min in a dark humidified chamber at 4°C, slides were 

rinsed with cold distilled water and air-dried. Two hundred spermatozoa per slide 

were examined under a fluorescent microscope at a 1000 × magnification immersion 

oil. Only acrosome-intact sperm were stained with bright green fluorescence (Cheng 

et al., 1996; Axnér et al., 2004).  

 

3.4 Validation and evaluation of serum IGF-1  

Serum IGF-1 concentrations were determined by a commercially sandwich 

enzyme-linked immunosorbent assay (Human IGF-1 ELISA E20, Mediagnost, Germany). 

Before running the assay, serum samples were diluted with sample buffer at a 1:21 

dilution ratio according to the manufacturer's protocol. Briefly, 80 µL of goat 
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biotinylated anti-human IGF-1 antibody was added to each well first. Subsequently, 

20 µL of blank, controls, standards (recombinant human IGF-1 (hIGF-1)) and diluted 

samples were added in the wells of the microtiter. The plate was incubated for one 

hour at room temperature and washed firstly with washing buffer 5 times. After 

washing, horseradish peroxidase (HRP)-labelled Streptavidin was added to each well. 

After 30-min incubation and washing again, HRP-substrate was added and incubated 

for 15 min. The reaction was terminated by adding sulphuric acid solution. The 

absorbance was measured at 450 nm immediately using an ELISA plate reader (Tecan 

SunriseTM, Mannedorf, Switzerland). 

The ELISA validation included assessments for accuracy (linearity-of-dilution 

assay and spike-and-recovery test) and precision (intra-, inter-assay coefficient of 

variation [CV], and total imprecision assay CV). Intra-assay and inter-assay CV were 

calculated from low, medium and high concentrations of samples. The inter-assay CV 

was calculated by analyzing these three samples duplicated in 4 separate plates on 

4 different days. The intra-assay CV was evaluated from CV of the same samples in 

duplicates in the same plate. The total imprecision assay CV (CV total) was calculated: 

CV total= √𝐶𝑉(𝑖𝑛𝑡𝑒𝑟)2 + 𝐶𝑉(𝑖𝑛𝑡𝑟𝑎)2. Desirable and acceptable CV total were set at 8.5% 

and 12.75%, respectively (Stiller et al., 2016).  

One serum was evaluated first for demonstrating the concentration of IGF-1 

(254.6 ng/mL). The linearity under dilution was evaluated by diluting (1/2 to 1/8) this 

serum sample with the PBS. Expected values were calculated by dividing the 

concentration from the undiluted sample by the dilution factor used (Axnér and 

Holst, 2014). The percentage of recovery for each dilution is assessed by comparing 

observed vs. expected values and multiplying by 100.  

For the spike-recovery test, five low-concentration serum IGF-1 samples were 

pooled. The pooled sample was then spiked with 100 µL of 2, 5, 15, and 30 ng/mL 
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of standard recombinant hIGF-1 in duplicates, respectively. Recovery of spiked IGF-1 

was calculated follow a previous study: [spiked sample (ng/mL) / (neat (ng/mL) + 

spike solution (ng/mL)] ∗ 100 with an acceptable recovery ranged from 80% to 120% 

(Jaedicke et al., 2012; Stiller et al., 2016).  

 

3.5 Evaluation of serum testosterone  

Concentrations of serum testosterone in the Asian elephants were analyzed 

using an enzyme immunoassay (EIA) following the previous study (Brown et al., 

2004a). Inter- and intra-assay CV were less than 10%.  

 

3.6 Statistical analyses 

Statistical analyses were performed using SPSS (IBM SPSS statistics version 

22.0.0.0, SPSS Inc., Chicago, IL, USA). The normality of distribution was measured by 

the Kolmogorov Smirnov test and confirmed by Qualitative-Quantitative plots (Q-Q 

plots). The levels of serum testosterone and IGF-1 with semen analysis results were 

presented using descriptive statistics. Pearson’s correlation coefficient (r) was 

performed to find correlations between IGF-1 level and all variables. All data were 

presented as mean ± SD, and the significance was set at p < 0.05 with a confidence 

interval of 95%. 
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CHAPTER 4  

Results 

The background information including the mean serum IGF-1 concentration of 

seven Asian elephant bulls is summarized in Table 1. Overall mean (± SD) 

concentration of serum IGF-1 was estimated at 326.3 ± 114.6 ng/mL (ranging from 

167.4 to 542.7 ng/mL). Large variations of IGF-1 concentration were exhibited among 

seven bulls. The youngest bull (E1) had high IGF-1 concentration while the oldest 

bull (E4) had the lowest IGF-1 level (Fig. 5).  

 

Table  1 Summary of age, body condition score (BCS), body weight, ejaculate 
number, mean serum IGF-1 concentration and fertility history of Asian elephant bulls 
(n = 7)  

ID  

Age  
(y) BCS  

Body weight  
(kg) 

Ejaculate 
number 

Serum IGF-1 
(ng/mL) 

Fertility 
history  

E1 12 3 2690 2 437.6 No 
E2 20 3.5 3490 4 300.4 No 
E3 27 3.5 4055 2 271.4 No 
E4 45 3 3460 4 215.0 No 
E5 27 3 3000 2 283.9 No 
E6 46 3 3210 2 541.6 Yes 
E7 40 3 4070 1 323.7 Unknow 

Body condition score (BCS): 5-point scale (1–5, thinnest–fattest); 3–3.5 was defined as normal 

BCS. 
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Figure  5 The distributions of serum IGF-1 concentration among seven Asian elephant 
bulls. 

 

 

The mean values for all variables and correlations between IGF-1 

concentration and all variables in this study are shown in Table 2. There was a 

positive correlation between serum IGF-1 and testosterone concentration (r = 0.73, P 

= 0.004, Table 2). Also, positive correlations between acrosome integrity (r = 0.53, P = 

0.028) and the percentage of normal head morphology of spermatozoa (r = 0.48, P = 

0.049), and IGF-1 concentration were identified. 
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Table  2 Mean values and correlation between variables and serum IGF-1 
concentration in seven elephant bulls (n = 17 ejaculates) 

Variables Mean 

Serum IGF-1 
correlation 
coefficient (r)  P value 

Ejaculate volume (mL) 32.1 ± 13.3 0.12 0.66 
Semen pH 7.3 ± 0.7 0.27 0.29 
Sperm concentration (×106/mL) 1209.2 ± 403.4 0.07 0.80 
Motility (%) 32.6 ± 22.8 0.09 0.74 
Progressive motility (1–5) 3.2 ± 1.4 -0.15 0.58 
Sperm membrane integrity (%) 58.6 ± 21.0 0.07 0.80 
Normal sperm tail morphology (%) 71.9 ± 15.8 -0.14 0.60 
Normal sperm head morphology (%) 64.0 ± 21.2 0.48 0.049* 
Intact functional membrane integrity (%) 26.5 ± 16.8 0.09 0.74 
Normal sperm DNA integrity (%)  70.0 ± 23.5 0.13 0.61 
Intact acrosome (%) 44.5 ± 18.3 0.53 0.028* 
Serum Testosterone (pg/mL) 1190.1 ± 1081.8 0.73 0.004** 
Serum IGF-1 (ng/mL) 326 ± 114.6 - - 

* indicates P < 0.05 
** indicates P < 0.01 
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The linearity under the serial dilutions was conformed (R2 = 0.99; Fig. 6) in the 

ELISA and the recovery rate ranged from 100 to 143% with a mean of 114.7 ± 19%, 

which were acceptable. 

 

 

 

 

 

 

 
 
 
 
Figure  6 Investigation of linearity through a serial dilution of one serum sample for 
demonstrating an accurate linear detection of examined insulin-like growth factor-1 
(IGF-1) concentrations. 
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Inter-assay, intra-assay and total imprecision CV for low, medium and high 

concentration samples were 1.6–6.4% and 4.7–6.9%, 7.1–8.0%, respectively (Table 3). 

In spike-recovery assays, the overall mean recovery of spiked IGF-1 was acceptable 

(mean 107.2 ± 21%, range 80.8–136.9%). 

 

Table  3 Inter-assay, intra-assay and total imprecision coefficients of variation of 
serum IGF-1 samples with low, medium and high concentration 

Sample 
concentration 

Intra-assay CV 
 

Inter-assay CV 

Mean 
(ng/mL) 

SD 
(ng/mL) 

CV 
(%)  

Mean 
(ng/mL) 

SD 
(ng/mL) 

CV 
(%) 

CV total 

(%) 
Low  120.5 7.7 6.4 

 
118.8 6.3 4.7 8.0 

Medium  249.9 12.7 5.2 
 

260.6 14.7 5.6 7.6 

High 499.5 7.9 1.6 
 

469.9 31.5 6.9 7.1 
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CHAPTER 5  

Discussion 

To the best of our knowledge, this is the first study using a commercial ELISA 

to measure the peripheral serum IGF-1 concentration, which is found to relate to 

sperm parameters in elephants. Our analyses reveal a significantly positive 

correlation between serum IGF-1 concentration and the proportion of spermatozoa 

with an intact acrosome in Asian elephants. The previous studies have validated that 

the IGF-1 receptor is primarily localized to the acrosomal region of the bovine and 

human sperm (Henricks et al., 1998; Naz and Padman, 1999), suggesting this region is 

involved in capacitation and the acrosome reaction. Moreover, in buffaloes, 

supplementation of IGF-1 in semen has a positive effect on maintaining the quality of 

sperm acrosomal membrane (Selvaraju et al., 2010). Furthermore, detecting the 

acrosomal status of sperm helps improve the fertility rate. Abnormality of acrosomal 

morphology has been implicated in compromised fertility in other species, including 

boar during artificial insemination (AI) procedure (Tardif et al., 1999) and human 

during in vitro fertilization (IVF) process (Menkveld et al., 1996). Furthermore, stallions 

with higher seminal IGF-1 concentrations resulted in greater pregnancy rates (Novak 

et al., 2010). These results suggest that increased serum IGF-1 concentration may be 

related to improved sperm quality.  

Present results revealed a positive correlation between IGF-1 level and 

normal sperm head morphology. This observation is consistent with a recent study in 

men, demonstrating a significantly lesser concentration of IGF-1 is associated with the 

morphologically abnormal sperm head (Lee et al., 2016). Also, the amount of 

seminal plasma IGF-1 is positively correlated with the percentage of morphologically 

normal spermatozoa (Glander et al., 1996). An unexpected finding of our study was 

that repeated ejaculates increased the percentage of normal sperm parameters 
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(including sperm head morphology, motility and viability, etc.) with greater IGF-1 

levels in every individual bull. It was suggested previously that a reduction in head 

abnormality of spermatozoa can be observed after frequent stimulations, probably 

because of the accumulation of senescent semen in Asian elephants (Imrat et al., 

2014). Thus, we could assume that repeated semen collections can improve the 

head abnormality of spermatozoa with IGF-1 level. However, the underlying reasons 

for the improvement of sperm head morphology together with IGF-1 concentrations 

are unclear. 

Our findings identified a significantly positive correlation between IGF-1 

concentration and testosterone level. The present results agreed with the previous 

investigations indicating that the circulating serum IGF-1 concentration is associated 

with serum testosterone level in other species (Ditchkoff et al., 2001; Brito et al., 

2007). Testosterone production is not only regulated by the endocrine system, and it 

also depends upon local paracrine and autocrine factors such as IGF-1 (Gelber, 1992; 

Yoon and Roser, 2011). Moreover, testosterone can facilitate spermatogenesis as a 

paracrine factor in the Sertoli cells (Meeker et al., 2007). IGFs have been suggested to 

be the most important growth factor in regulating the developments and functions 

of testis and the number of Sertoli cells (Pitetti, 2013; Griffeth et al., 2014). In testis, 

testosterone and IGF-1 are secreted from Leydig cells. In addition, it has been shown 

that testosterone significantly increases the productions of IGF-1 and IGF-1 binding 

proteins (IGFBPs) on Leydig cells by a complex mechanism (Ashton et al., 1995).  

Large variations in serum IGF-1 concentration were observed among seven 

elephant bulls, possibly because of nutrition (Brito et al., 2007; Selvaraju et al., 2012; 

Tran et al., 2016). In the current study, all of the bulls were equally classified as 

having the same nutritional status (body condition scores: 3.0–3.5). Moreover, the 

same feeding protocol has been maintained with the foods provided at 6.0% of the 

body weight per day. However, all bulls were chained separately in the forest for 
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foraging in the afternoon. Thus, the availability (quantity and quality) of foods might 

vary upon each grazing.  

In addition to nutrition, several factors such as age, IGFBPs and other 

hormones may contribute to these variations. For example, IGF-1 in testes and blood 

has been investigated to correlate with ages, in particular, the onset of puberty; the 

strong contents of IGF-1 and its receptors are shown in Leydig cells and 

spermatogonia, and plasma concentration of IGF-1 peaks during puberty age in male 

horses (Hess and Roser, 2001; Yoon et al., 2011). Furthermore, we also identified the 

age-associated semen quality in Asian elephants, which was similar to the previous 

study; the highest semen quality and serum testosterone were found in the 23–43-

year-old age group, whereas the quality was the lowest at age 10 to 19 years 

(Thongtip et al., 2008). Puberty of captive elephants was defined as 10–15 years of 

age (Schulte, 2006). Thus, these could explain why E1 aged puberty was observed a 

high level of serum IGF-1 with the poorest semen quality whereas an elderly 

elephant (E4) aged 45 years old showed a great percentage of normal sperm 

parameters (> 60%) but with the lowest concentrations of IGF-1 and testosterone, 

therefore, which may cause the absence of significances between IGF-1 and other 

variables. Besides, IGFBPs have been suggested to regulate the reproductive cells by 

inhibiting or enhancing IGFs productions (Le Gac et al., 1996; Naz and Padman, 1999; 

Yoon et al., 2011; Yoon et al., 2015). On the other hand, IGF-1 is under the controls 

of luteinizing hormone (LH) and follicle-stimulating hormone (FSH). FSH and IGF-1 

pathways are intimately connected (Cannarella et al., 2018). Additionally, IGF-1 

productions are mediated and controlled by growth hormone (GH) in male fertility 

(Chandrashekar et al., 1999). Gonadal functions are influenced by the actions of GH 

and IGF-1 on pituitary gonadotrophs and gonadal sites (Choubey, 2020). Thus, factors 

influencing the productions of gonadotrophins and GH may also affect IGF-1 

concentration.  
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Despite the variability, the mean value of IGF-1 level we obtained in the 

present study (mean 326.3 ng/mL, range 167.4 to 542.7 ng/mL) was within the range 

of the only report previously determined serum IGF-1 of male Asian elephants (mean 

307 ng/mL) using a radioimmunoassay (RIA) (Govoni et al., 2011). ELISA is considered 

as a relatively safe and easy method to operate compared to RIA. In the current 

study, the acceptable R² value together with an overall acceptable recovery rate of 

serial dilutions suggests a high accuracy in the linearity test. The inter-assay (< 10%), 

intra-assay (< 10%) and total imprecision CV (< 8.5%) indicate high precision. Thus, 

we could confirm that this ELISA can be used for analyzing circulating IGF-1 

concentration in the elephant in terms of the acceptable results of accuracy and 

precision.  

The present results are in accordance with these findings in which a higher 

serum IGF-1 level contributes to a positive effect on male fertility; however, the 

values for IGF-1 are varied among species. For example, as demonstrated in men, the 

IGF-1 level with normal semen parameters is estimated at 175.4 ± 42.7 ng/mL, 

whereas the IGF-1 level with abnormal sperm parameters is lesser (137.6 ± 27.1 

ng/mL) (Lee et al., 2016). During the breeding season, the mean level of serum IGF-1 

is the greatest (63.6 ng/mL) ranging from 5.81 to 224.9 ng/mL in the male white-tailed 

deers (Ditchkoff et al., 2001). Also, the IGF-1 value for buffalo bull is much higher 

than men, deer and elephants with a mean concentration of 1555.22 ng/mL (range 

927 to 2247 ng/mL) is positively correlated with semen mass motility and sperm 

concentration. In Thailand, the low fertility rate (only 1.8–2% a year) of Asian 

elephants has been detected (Thitaram, 2011). This trend may be helpful to exclude 

poor sperm when performing AI and then minimize low fertility or pregnancy failure 

in elephants. 
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5.1 Conclusions 

The results of the present study indicate the correlation of greater circulating 

IGF-1 concentration and the sperm acrosome integrity and head normality, suggesting 

the increased IGF-1 level may be related to good sperm quality in Asian elephants. 

Unexpectedly, repeated semen collections by transrectal massage coincided with 

greater IGF-1 concentrations and higher percentages of normal semen variables has 

been demonstrated. However, the potential role of IGF-1 in the spermatogenesis or 

semen production of elephant bulls needs to be elucidated because testosterone 

has a positive effect on IGF-1 concentration.  

 

5.2 Limitation and suggestion of this study 

In the present study, we failed to detect seminal plasma IGF-1 even though 

we used the same ELISA kit and protocol with the detection of serum IGF-1. We did 

find IGF-1 in the seminal plasma, but the concentration is lower than the minimum 

detection range of the ELISA kit. Thus, it is not appropriate to do the ELISA validation 

process. Based on that, we speculate some factors which contribute to the failure of 

this experiment:  

1. Duration of sample storage is approximately half-year 

The IGF-1 probably degraded due to the long duration of storage at -20 °C. 

Thus, it is vital to complete the experiment as soon as possible. Besides, 

thawing samples several times is not appropriate. 

2. Concentration of seminal IGF-1 is lower than ELISA minimal detection range 

The extraction process is necessary for concentrating the IGF-1 level. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 
 

REFERENCES 
 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arnold DM, Gray C, Roth TL, Mitchell S and Graham LH 2017. A simple, field-friendly 
technique for cryopreserving semen from Asian elephants (Elephas maximus). 
Anim Reprod Sci. 182: 84-94. 

Ashton WS, Degnan BM, Daniel A and Francis GL 1995. Testosterone increases insulin-
like growth factor-1 and insulin-like growth factor-binding protein. Annals of 
Clinical & Laboratory Science. 25(5): 381-388. 

Axnér E, Hermansson U and Linde-Forsberg C 2004. The effect of Equex STM paste 
and sperm morphology on post-thaw survival of cat epididymal spermatozoa. 
Anim Reprod Sci. 84(1-2): 179-191. 

Axnér E and Holst B 2014. Concentrations of anti-Müllerian hormone in the domestic 
cat. Relation with spay or neuter status and serum estradiol. Theriogenology. 
83. 

Baffa R, Reiss K, El-Gabry EA, Sedor J, Moy ML, Shupp-Byrne D, Strup SE, Hauck WW, 
Baserga R and Gomella LG 2000. Low serum insulin-like growth factor 1 (IGF-
1): a significant association with prostate cancer. Techniques in urology. 6(3): 
236-239. 

Baker J, Hardy MP, Zhou J, Bondy C, Lupu F, Bellvé AR and Efstratiadis A 1996. Effects 
of an Igf1 gene null mutation on mouse reproduction. Molecular 
endocrinology. 10(7): 903-918. 

Bansiddhi P, Brown JL, Thitaram C, Punyapornwithaya V, Somgird C, Edwards KL and 
Nganvongpanit K 2018. Changing trends in elephant camp management in 
northern Thailand and implications for welfare. PeerJ. 6: e5996-e5996. 

Björndahl L, Söderlund I and Kvist U 2003. Evaluation of the one‐step eosin‐nigrosin 
staining technique for human sperm vitality assessment. Human 
Reproduction. 18(4): 813-816. 

Brito LF, Barth AD, Rawlings NC, Wilde RE, Crews Jr DH, Mir PS and Kastelic JP 2007. 
Effect of improved nutrition during calfhood on serum metabolic hormones, 
gonadotropins, and testosterone concentrations, and on testicular 
development in bulls. Domestic animal endocrinology. 33(4): 460-469. 

Brown J, Walker S and Steinman K 2004a. Endocrine manual for the reproductive 
assessment of domestic and non-domestic species. Endocrine research 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 41 

laboratory, Department of reproductive sciences, Conservation and research 
center, National zoological park, Smithsonian institution, Handbook. 1: 93. 

Brown JL, Göritz F, Pratt-Hawkes N, Hermes R, Galloway M, Graham LH, Gray C, Walker 
SL, Gomez A, Moreland R, Murray S, Schmitt DL, Howard J, Lehnhardt J, Beck 
B, Bellem A, Montali R and Hildebrandt TB 2004b. Successful artificial 
insemination of an Asian elephant at the National Zoological Park. Zoo 
Biology. 23(1): 45-63. 

Brown JL, Somerville M, Riddle HS, Keele M, Duer CK and Freeman EW 2007. 
Comparative endocrinology of testicular, adrenal and thyroid function in 
captive Asian and African elephant bulls. General and Comparative 
Endocrinology. 151(2): 153-162. 

Brown JL, Walker SL and Moeller T 2004c. Comparative endocrinology of cycling and 
non-cycling Asian (Elephas maximus) and African (Loxodonta africana) 
elephants. Gen Comp Endocrinol. 136(3): 360-370. 

Bubenik GA, Schams D, White RG, Rowell J, Blake J and Bartos L 1998. Seasonal 
levels of metabolic hormones and substrates in male and female reindeer 
(Rangifer  
Toxicology and Endocrinology. 120(2): 307-315. 

Buranaamnuay K, Mahasawangkul S and Saikhun K 2013. The in vitro quality of 
frozen-thawed Asian elephant (Elephas maximus) spermatozoa in semen 
supplemented with Equex STM paste and oxytocin during and after 
cryopreservation. Reproductive Biology. 13(2): 169-171. 

Cailleau J, Vermeire S and Verhoeven G 1990. Independent control of the production 
of insulin-like growth factor I and its binding protein by cultured testicular 
cells. Molecular and Cellular Endocrinology. 69(1): 79-89. 

Cannarella R, Condorelli RA, La Vignera S and Calogero AE 2018. Effects of the insulin-
like growth factor system on testicular differentiation and function: a review 
of the literature. Andrology. 6(1): 3-9. 

Chandrashekar V, Bartke A, Coschigano KT and Kopchick JJ 1999. Pituitary and 
Testicular Function in Growth Hormone Receptor Gene Knockout Mice *. 
Endocrinology. 140(3): 1082-1088. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 42 

Chave E, Edwards KL, Paris S, Prado N, Morfeld KA and Brown JL 2019. Variation in 
metabolic factors and gonadal, pituitary, thyroid, and adrenal hormones in 
association with musth in African and Asian elephant bulls. Gen Comp 
Endocrinol. 276: 1-13. 

Cheng FP, Fazeli A, Voorhout WF, Marks A, Bevers MM and Colenbrander B 1996. Use 
of peanut agglutinin to assess the acrosomal status and the zona pellucida-
induced acrosome reaction in stallion spermatozoa. J Androl. 17(6): 674-682. 

Choubey M 2020. Growth Hormone and Insulin-like Growth Factor-I: Novel Insights 
into the Male Reproductive Health. In: Growth Disorders.    IntechOpen.  

Cummins J and Woodall P 1985. On mammalian sperm dimensions. Reproduction. 
75(1): 153-175. 

De Kretser DM, Loveland KL, Meinhardt A, Simorangkir D and Wreford N 1998. 
Spermatogenesis. Human Reproduction. 13(suppl_1): 1-8. 

De Nys HM, Bertschinger, H. J., Turkstra, J. A., Colenbrander, B., Palme, R., & Human, 
A. M. 2010. Vaccination against GnRH may suppress aggressive behaviour and 
musth in African elephant (Loxodonta africana) bulls: a pilot study. Journal of 
the South African Veterinary Association. 81(1): 08-15. 

Ditchkoff SS, Spicer LJ, Masters RE and Lochmiller RL 2001. Concentrations of insulin-
like growth factor-I in adult male white-tailed deer (Odocoileus virginianus): 
associations with serum testosterone, morphometrics and age during and 
after the breeding season. Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology. 129(4): 887-895. 

Dupont J and Holzenberger M 2003. Biology of insulin-like growth factors in 
development. Birth Defects Research Part C: Embryo Today: Reviews. 69(4): 
257-271. 

Dutta S, Sengupta P and Muhamad S 2019. Male reproductive hormones and semen 
quality. Asian Pacific Journal of Reproduction. 8(5): 189-194. 

Ganswindt A, Heistermann, M. and Hodges, K. 2005. Physical, physiological, and 
behavioral correlates of musth in captive African elephants (Loxodonta 
africana). Physiological and Biochemical Zoology. 78(4): 505-514. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 43 

Ganswindt A, Muenscher S, Henley M, Henley S, Heistermann M, Palme R, Thompson 
P and Bertschinger H 2010. Endocrine correlates of musth and the impact of 
ecological and social factors in free-ranging African elephants (Loxodonta 
africana). Hormones and Behavior. 57(4-5): 506-514. 

Gelber SJ, Hardy, M.P., Mendis-Handagama, S.M., Casella, S.J., 1992. Effects of insulin‐

like growth factor‐I on androgen production by highly purified pubertal and 
adult rat Leydig cells. Journal of andrology. 13(2): 125-130. 

Glander HJ, Kratzsch J, Weisbrich C and Birkenmeier G 1996. Insulin-like growth factor-
I and alpha 2-macroglobulin in seminal plasma correlate with semen quality. 
Hum Reprod. 11(11): 2454-2460. 

Gnessi L, Fabbri A and Spera G 1997. Gonadal Peptides as Mediators of Development 
and Functional Control of the Testis: An Integrated System with Hormones 
and Local Environment*. Endocrine Reviews. 18(4): 541-609. 

Govoni KE, Goodman D, Maclure RM, Penfold LM and Zinn SA 2011. Serum 
concentrations of insulin-like growth factor-i and insulin-like growth factor 
binding protein-2 and -3 in eight hoofstock species. Zoo Biology. 30(3): 275-
284. 

Griffeth RJ, Bianda V and Nef S 2014. The emerging role of insulin-like growth factors 
in testis development and function. Basic and Clinical Andrology. 24(1): 12. 

Heath E, Jeyendran RS and Graham EF 1983. Ultrastructure of Spermatozoa of the 
Asiatic Elephnat (Elephas maximus). Anatomia, Histologia, Embryologia. 12(3): 
245-252. 

Henricks DM, Kouba AJ, Lackey BR, Boone WR and Gray SL 1998. Identification of 
insulin-like growth factor I in bovine seminal plasma and its receptor on 
spermatozoa: influence on sperm motility. Biol Reprod. 59(2): 330-337. 

Hess MF and Roser JF 2001. The effects of age, season and fertility status on plasma 
and intratesticular insulin-like growth factor I concentration in stallions. 
Theriogenology. 56(5): 723-733. 

Hildebrandt T, Goeritz F, Hermes R, Reid C, Dehnhard M and Brown J 2006. Aspects of 
the reproductive biology and breeding management of Asian and African 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 44 

elephants Elephas maximus and Loxodonta africana. International Zoo 
Yearbook. 40(1): 20-40. 

Hildebrandt TB, Göritz F, Pratt NC, Brown JL, Montali RJ, Schmitt DL, Fritsch G and 
Hermes R 2000a. Ultrasonography of the urogenital tract in elephants 
(Loxodonta africana and Elephas maximus): an important tool for assessing 
female reproductive function. Zoo Biology: Published in affiliation with the 
American Zoo and Aquarium Association. 19(5): 321-332. 

Hildebrandt TB, Hermes R, Pratt NC, Fritsch G, Blottner S, Schmitt DL, Ratanakorn P, 
Brown JL, Rietschel W and Göritz F 2000b. Ultrasonography of the urogenital 
tract in elephants (Loxodonta africana and Elephas maximus): an important 
tool for assessing male reproductive function. Zoo Biology: Published in 
affiliation with the American Zoo and Aquarium Association. 19(5): 333-345. 

Hildebrandt TB, Hermes R, Saragusty J, Potier R, Schwammer HM, Balfanz F, Vielgrader 
H, Baker B, Bartels P and Goritz F 2012. Enriching the captive elephant 
population genetic pool through artificial insemination with frozen-thawed 
semen collected in the wild. Theriogenology. 78(6): 1398-1404. 

Hirai M, Boersma A, Hoeflich A, Wolf E, Foll J, Aumuller TR and Braun J 2001. 
Objectively measured sperm motility and sperm head morphometry in boars 
(Sus scrofa): relation to fertility and seminal plasma growth factors. J Androl. 
22(1): 104-110. 

Howard J, Bush M, De Vos V and Wildt D 1984. Electroejaculation, semen 
characteristics and serum testosterone concentrations of free-ranging African 
elephants (Loxodonta africana). Reproduction. 72(1): 187-195. 

Imrat P, Hernandez M, Rittem S, Thongtip N, Mahasawangkul S, Gosálvez J and Holt 
WV 2012. The dynamics of sperm DNA stability in Asian elephant (Elephas 
maximus) spermatozoa before and after cryopreservation. Theriogenology. 
77(5): 998-1007. 

Imrat P, Mahasawangkul S, Thitaram C, Suthanmapinanth P, Kornkaewrat K, 
Sombutputorn P, Jansittiwate S, Thongtip N, Pinyopummin A, Colenbrander B, 
Holt WV and Stout TAE 2014. Effect of alternate day collection on semen 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 45 

quality of Asian elephants (Elephas maximus) with poor initial fresh semen 
quality. Animal Reproduction Science. 147(3): 154-160. 

Imrat P, Suthanmapinanth P, Saikhun K, Mahasawangkul S, Sostaric E, Sombutputorn 
P, Jansittiwate S, Thongtip N, Pinyopummin A, Colenbrander B, Holt WV and 
Stout TAE 2013. Effect of pre-freeze semen quality, extender and 
cryoprotectant on the post-thaw quality of Asian elephant (Elephas maximus 
indicus) semen. Cryobiology. 66(1): 52-59. 

Itoh N, Nanbu A, Tachiki H, Akagashi K, Nitta T, Mikuma N, Tsukamoto T and 
Kumamoto Y 1994. Restoration of Testicular Transferring Insulin-Likegrowth 
Factor-1 (IGF-1), and Spermatogenesis by Exogenously Administered Purified 
FSH and Testosterone in Medically Hypophysectomized Rats. Archives of 
Andrology. 33(3): 169-177. 

Jaedicke KM, Taylor JJ and Preshaw PM 2012. Validation and quality control of ELISAs 
for the use with human saliva samples. Journal of Immunological Methods. 
377(1): 62-65. 

Jones JI and Clemmons DR 1995. Insulin-Like Growth Factors and Their Binding 
Proteins: Biological Actions*. Endocrine Reviews. 16(1): 3-34. 

Juul A, Bang P, Hertel NT, Main K, Dalgaard P, Jørgensen K, Müller J, Hall K and 
Skakkebaek NE 1994. Serum insulin-like growth factor-I in 1030 healthy 
children, adolescents, and adults: relation to age, sex, stage of puberty, 
testicular size, and body mass index. The Journal of Clinical Endocrinology & 
Metabolism. 78(3): 744-752. 

Khan SA, Ndjountche L, Pratchard L, Spicer LJ and Davis JS 2002. Follicle-Stimulating 
Hormone Amplifies Insulin-Like Growth Factor I-Mediated Activation of 
AKT/Protein Kinase B Signaling in Immature Rat Sertoli Cells. Endocrinology. 
143(6): 2259-2267. 

Kiso WK, Asano A, Travis AJ, Schmitt DL, Brown JL and Pukazhenthi BS 2012. 
Pretreatment of Asian elephant (Elephas maximus) spermatozoa with 
cholesterol-loaded cyclodextrins and glycerol addition at 4°C improves 
cryosurvival. Reprod Fertil Dev. 24(8): 1134-1142. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 46 

Kiso WK, Brown JL, Siewerdt F, Schmitt DL, Olson D, Crichton EG and Pukazhenthi BS 
2011. Liquid semen storage in elephants (Elephas maximus and Loxodonta 
africana): species differences and storage optimization. J Androl. 32(4): 420-
431. 

Kiso WK, Selvaraj V, Nagashima J, Asano A, Brown JL, Schmitt DL, Leszyk J, Travis AJ 
and Pukazhenthi BS 2013. Lactotransferrin in Asian Elephant (Elephas 
maximus) Seminal Plasma Correlates with Semen Quality. PLOS ONE. 8(8): 
e71033. 

Kontogeorgopoulos N 2009. The role of tourism in elephant welfare in Northern 
Thailand. Journal of Tourism. 

Kragstrup TW, Vorup-Jensen T, Deleuran B and Hvid M 2013. A simple set of 
validation steps identifies and removes false results in a sandwich enzyme-
linked immunosorbent assay caused by anti-animal IgG antibodies in plasma 
from arthritis patients. SpringerPlus. 2(1): 263-263. 

Kumar P, Suman, Pawaria S, Dalal J, Bhardwaj S, Patil S, Jerome A and Sharma RK 
2019. Serum and seminal plasma IGF-1 associations with semen variables and 
effect of IGF-1 supplementation on semen freezing capacity in buffalo bulls. 
Animal Reproduction Science. 204: 101-110. 

Lagerlöf N 1934. Morphological studies on the change in sperm structure and in the 
testes of bulls with decreased or abolished fertility. Acta Pathol Microbiol 
Scand. 19: 254-267. 

Langbauer WR, Payne KB, Charif RA, Rapaport L and Osborn F 1991. African elephants 
respond to distant playbacks of low-frequency conspecific calls. Journal of 
Experimental Biology. 157(1): 35-46. 

Le Gac F, Loir M, Le Bail P-Y and Ollitrault M 1996. Insulin-like growth factor (IGF-I) 
mRNA and IGF-I receptor in trout testis and in isolated spermatogenic and 
Sertoli cells. Molecular Reproduction and Development. 44(1): 23-35. 

Lee HS, Park YS, Lee JS and Seo JT 2016. Serum and seminal plasma insulin-like 
growth factor-1 in male infertility. Clin Exp Reprod Med. 43(2): 97-101. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 47 

Leheup BP and Grigong G 1993. Immunohistochemical Localization of Insulin-like 
Growth Factor I (IGF-I) in the Rat Epididymis. Journal of Andrology. 14(3): 159-
163. 

Lejeune H, Chuzel F, Thomas T, Avallet O, Habert R, Durand P and Saez J 1996. 
[Paracrine regulation of Leydig cells]. Ann Endocrinol (Paris). 57(1): 55-63. 

Lin T, Wang D, Calkins JH, Guo H, Chi R and Housley PR 1990. Regulation of insulin-
like growth factor-I messenger ribonucleic acid expression in Leydig cells. 
Molecular and Cellular Endocrinology. 73(2): 147-152. 

Liu DY and Baker HWG 1992. Sperm nuclear chromatin normality: relationship with 
sperm morphology, sperm-zona pellucida binding, and fertilization rates in 
vitro**Presented at the 10th Annual Scientific Meeting of Fertility Society of 
Australia, Lorne, Victoria, Australia, November 18 to 22, 1991. Fertility and 
Sterility. 58(6): 1178-1184. 

Macpherson ML, Simmen RC, Simmen FA, Hernandez J, Sheerin BR, Varner DD, 
Loomis P, Cadario ME, Miller CD, Brinsko SP, Rigby S and Blanchard TL 2002. 
Insulin-like growth factor-I and insulin-like growth factor binding protein-2 and 
-5 in equine seminal plasma: association with sperm characteristics and 
fertility. Biol Reprod. 67(2): 648-654. 

Makarevich AV, Spalekova E, Olexikova L, Kubovicova E and Hegedusova Z 2014. 
Effect of insulin-like growth factor I on functional parameters of ram cooled-
stored spermatozoa. Zygote. 22(3): 305. 

Meeker JD, Godfrey-Bailey L and Hauser R 2007. Relationships Between Serum 
Hormone Levels and Semen Quality Among Men From an Infertility Clinic. 
Journal of Andrology. 28(3): 397-406. 

Menkveld R, Rhemrev JP, Franken DR, Vermeiden JP and Kruger TF 1996. Acrosomal 
morphology as a novel criterion for male fertility diagnosis: relation with 
acrosin activity, morphology (strict criteria), and fertilization in vitro. Fertility 
and sterility. 65(3): 637-644. 

Miah AG, Salma U, Takagi Y, Kohsaka T, Hamano K-i and Tsujii H 2008. Effects of 
relaxin and IGF-I on capacitation, acrosome reaction, cholesterol efflux and 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 48 

utilization of labeled and unlabeled glucose in porcine spermatozoa. 
Reproductive Medicine and Biology. 7(1): 29-36. 

Minelli A, Moroni M and Castellini C 2001. Isolation and purification of the IGF-I 
protein complex from rabbit seminal plasma: Effects on sperm motility and 
viability. J Exp Zool. 290(3): 279-290. 

Morfeld KA, Meehan CL, Hogan JN and Brown JL 2016. Assessment of Body Condition 
in African (Loxodonta africana) and Asian (Elephas maximus) Elephants in 
North American Zoos and Management Practices Associated with High Body 
Condition Scores. PLoS One. 11(7): e0155146. 

Naz RK and Padman P 1999. Identification of insulin-like growth factor (IGF)-1 receptor 
in human sperm cell. Arch Androl. 43(2): 153-159. 

Norkaew T, Brown JL, Bansiddhi P, Somgird C, Thitaram C, Punyapornwithaya V, 
Punturee K, Vongchan P, Somboon N and Khonmee J 2018. Body condition 
and adrenal glucocorticoid activity affects metabolic marker and lipid profiles 
in captive female elephants in Thailand. PLoS One. 13(10): e0204965. 

Novak S, Smith TA, Paradis F, Burwash L, Dyck MK, Foxcroft GR and Dixon WT 2010. 
Biomarkers of in vivo fertility in sperm and seminal plasma of fertile stallions. 
Theriogenology. 74(6): 956-967. 

O'Brien JK, Steinman KJ, Montano GA, Love CC and Robeck TR 2013. Sperm DNA 
fragmentation and morphological degeneration in chilled elephant (Elephas 
maximus and Loxodonta Africana) semen collected by transrectal massage. 
Andrology. 1(3): 387-400. 

Orth JM, Gunsalus G.L. and Lamperti A.A 1988. Evidence from Sertoli cell-depleted 
rats indicates that spermatid number in adults depends on numbers of Sertoli 
cells produced during perinatal development. Endocrinology. 122(3): 787-794. 

Payne KB, Jr W and Thomas E 1986. Infrasonic calls of the Asian elephant (Elephas 
maximus). Behav. Ecol. Sociobiol. 102: 283-316. 

Pérez-Llano B, Lorenzo JL, Yenes P, Trejo A and García-Casado P 2001. A short 
hypoosmotic swelling test for the prediction of boar sperm fertility. 
Theriogenology. 56(3): 387-398. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 49 

Pinyopummin A, Mahasawangkul S, Kornkaewrat K, Rattanapirom S, Leartsang W and 
Kitkha S 2017. The presence of seminal plasma, especially derived from 
stallion semen, helps preserve chilled Asian elephant (Elephas maximus) 
sperm motility. Andrologia. 49(6): e12690. 

Pinyopummin A, Mahasawangkul S, Nunklang G, Kornkaewrat K, Laopiem S, 
Koonjaenak S and Wattananit P 2018. Supplemented stallion seminal plasma 
can improve impaired motility due to the dilution effect in chilled Asian 
elephant sperm. Reproduction in Domestic Animals. 53. 

Pitetti JL, Calvel, P., Zimmermann, C., Conne, B., Papaioannou, M.D., Aubry, F., 
Cederroth, C.R., Urner, F., Fumel, B., Crausaz, M. and Docquier, M., 2013. An 
essential role for insulin and IGF1 receptors in regulating sertoli cell 
proliferation, testis size, and FSH action in mice. Molecular endocrinology 
27(5): 814-827. 

Plymate SR, Rosen CJ, Paulsen CA, Ware JL, Chen J, Vessella RE and Birnbaum RS 
1996. Proteolysis of insulin-like growth factor-binding protein-3 in the male 
reproductive tract. J Clin Endocrinol Metab. 81(2): 618-624. 

Poole JH 1987. Rutting behavior in African elephants: the phenomenon of musth. 
Behaviour. 102(3-4): 283-316. 

Poole JH 1989. Mate guarding, reproductive success and female choice in African 
elephants. Animal Behaviour. 37: 842-849. 

Poole JH, Payne K, Langbauer WR and Moss CJ 1988. The social contexts of some 
very low frequency calls of African elephants. Behavioral Ecology and 
Sociobiology. 22(6): 385-392. 

Rasmussen L, Sukumar R and Krishnamurthy V 2005. Behavioural and chemical 
confirmation of the preovulatory pheromone,(Z)-7-dodecenyl acetate, in wild 
Asian elephants: its relationship to musth. Behaviour. 142(3): 351-396. 

Roser JF 2001. Endocrine and paracrine control of sperm production in stallions. 
Animal reproduction science. 68(3-4): 139-151. 

Salardi S, Cacciari E, Ballardini D, Righetti F, Capelli M, Cicognani A, Zucchini S, Natali 
G and Tassinari D 1986. Relationships Between Growth Factors (Somatomedin-
C and Growth Hormone) and Body Development, Metabolic Control, and 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 50 

Retinal Changes in Children and Adolescents With IDDM. Diabetes. 35(7): 832-
836. 

Saraniya A, Koner BC, Doureradjou P, Selvaraj N and Shivagourou V 2008. Altered 
malondialdehyde, protein carbonyl and sialic acid levels in seminal plasma of 
microscopically abnormal semen. Andrologia. 40(1): 56-57. 

Satitmanwiwat S, Promthep K, Buranaamnuay K, Mahasawangkul S and Saikhun K 
2017. Lipid and protein oxidation levels in spermatozoa and seminal plasma 
of Asian Elephants (Elephas maximus) and their relationship with semen 
parameters. Reproduction in Domestic Animals. 52(2): 283-288. 

Schmitt DL and Hildebrandt TB 1998. Manual collection and characterization of 
semen from Asian elephants (Elephas maximus). Animal Reproduction 
Science. 53(1): 309-314. 

Schulte BA 2006. Behavior and social life. Biology, Medicine, and Surgery of 
Elephants. 35-44. 

Scientific TF 2007. Spike-and-recovery and linearity-of-dilution assessment. Thermo 
Scientific Tech Tip. 58. 

Selvaraju S, Nandi S, Subramani TS, Raghavendra BS, Rao SBN and Ravindra JP 2010. 
Improvement in buffalo (Bubalus bubalis) spermatozoa functional parameters 
and fertility in vitro: Effect of insulin-like growth factor-I. Theriogenology. 73(1): 
1-10. 

Selvaraju S, Reddy IJ, Nandi S, Rao SBN and Ravindra JP 2009. Influence of IGF-I on 
buffalo (Bubalus bubalis) spermatozoa motility, membrane integrity, lipid 
peroxidation and fructose uptake in vitro. Animal Reproduction Science. 
113(1): 60-70. 

Selvaraju S, Sivasubramani T, Raghavendra BS, Raju P, Rao SBN, Dineshkumar D and 
Ravindra JP 2012. Effect of dietary energy on seminal plasma insulin-like 
growth factor-I (IGF-I), serum IGF-I and testosterone levels, semen quality and 
fertility in adult rams. Theriogenology. 78(3): 646-655. 

Shiva M, Gautam AK, Verma Y, Shivgotra V, Doshi H and Kumar S 2011. Association 
between sperm quality, oxidative stress, and seminal antioxidant activity. 
Clinical Biochemistry. 44(4): 319-324. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 51 

Somgird C, Sripiboon S, Mahasawangkul S, Boonprasert K, Brown JL, Stout TAE, 
Colenbrander B and Thitaram C 2016. Differential testosterone response to 
GnRH-induced LH release before and after musth in adult Asian elephant 
(Elephas maximus) bulls. Theriogenology. 85(7): 1225-1232. 

Stiller J, Jasensky A-K, Hennies M, Einspanier R and Kohn B 2016. Validation of an 
enzyme-linked immunosorbent assay for measurement of feline haptoglobin. 
Journal of Veterinary Diagnostic Investigation. 28. 

Swain JE and Miller Jr RR 2000. A postcryogenic comparison of membrane fatty acids 
of elephant spermatozoa. 0733-3188. Wiley Online Library. 

Tardif S, Laforest JP, Cormier N and Bailey JL 1999. The importance of porcine sperm 
parameters on fertility in vivo. Theriogenology. 52(3): 447-459. 

Tejada RI, Mitchell JC, Norman A, Marik JJ and Friedman S 1984. A test for the 
practical evaluation of male fertility by acridine orange (AO) fluorescence. 
Fertility and sterility. 42(1): 87-91. 

Thitaram C 2011. Breeding Management of Captive Asian Elephant (Elephas maximus) 
in Range Countries and Zoo. Jpn. J. Zoo. Wildl. Med. 17(3):91-9. 

Thongtip N, Mahasawangkul S, Thitaram C, Pongsopavijitr P, Kornkaewrat K, 
Pinyopummin A, Angkawanish T, Jansittiwate S, Rungsri R, Boonprasert K, 
Wongkalasin W, Homkong P, Dejchaisri S, Wajjwalku W and Saikhun K 2009. 
Successful artificial insemination in the Asian elephant (Elephas maximus) 
using chilled and frozen-thawed semen. Reprod Biol Endocrinol. 7: 75. 

Thongtip N, Saikhun J, Damyang M, Mahasawangkul S, Suthunmapinata N, Yindee M, 
Kongsila A, Angkawanish T, Jansittiwate S, Wongkalasin W, Wajwalkul W, 
Kitiyanant Y, Pavasuthipaisit K and Pinyopummin A 2004. Evaluation of post-
thaw Asian elephant (Elephas maximus) spermatozoa using flow cytometry: 
The effects of extender and cryoprotectant. Theriogenology. 62(3-4): 748-760. 

Thongtip N, Saikhun J, Mahasawangkul S, Kornkaewrat K, Pongsopavijitr P, Songsasen 
N and Pinyopummin A 2008. Potential factors affecting semen quality in the 
Asian elephant (Elephas maximus). Reprod Biol Endocrinol. 6: 9. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 52 

Thuwanut P, Chatdarong K, Techakumphu M and Axnér E 2008. The effect of 
antioxidants on motility, viability, acrosome integrity and DNA integrity of 
frozen-thawed epididymal cat spermatozoa. Theriogenology. 70(2): 233-240. 

Toin P, Brown JL, Punyapornwithaya V, Bansiddhi P, Somgird C and Thitaram C 2020. 
Reproductive performance of captive Asian elephants (Elephas maximus) in 
large tourist camps in Thailand. Animal Reproduction Science. 222: 106606. 

Tran LV, Malla BA, Sharma AN, Kumar S, Tyagi N and Tyagi AK 2016. Effect of omega-3 
and omega-6 polyunsaturated fatty acid enriched diet on plasma IGF-1 and 
testosterone concentration, puberty and semen quality in male buffalo. 
Animal Reproduction Science. 173: 63-72. 

Vannelli BG, Barni T, Orlando C, Natali A, Serio M and Balboni GC 1988a. Insulin-like 
growth factor-1 (IGF-I) and IGF-I receptor in human testis: an 
immunohistochemical study *. Fertility and Sterility. 49(4): 666-669. 

Vannelli BG, Barni T, Orlando C, Natali A, Serio M and Balboni GC 1988b. Insulin-like 
growth factor-1 (IGF-I) and IGF-I receptor in human testis: an 
immunohistochemical study**Supported by the University of Florence. 
Fertility and Sterility. 49(4): 666-669. 

Wang S-L, Ohrmund L, Hauenstein S, Salbato J, Reddy R, Monk P, Lockton S, Ling N 
and Singh S 2012. Development and validation of a homogeneous mobility 
shift assay for the measurement of infliximab and antibodies-to-infliximab 
levels in patient serum. Journal of immunological methods. 382(1-2): 177-188. 

Weerakoon WWPN, Sakase M, Kawate N, Hannan MA, Kohama N and Tamada H 2018. 
Plasma IGF-I, INSL3, testosterone, inhibin concentrations and scrotal 
circumferences surrounding puberty in Japanese Black beef bulls with normal 
and abnormal semen. Theriogenology. 114: 54-62. 

Yagci A and Zik B 2006. Immunohistochemical Localization of Insulin-Like Growth 
Factor-I Receptor (IGF-IR) in the Developing and Mature Rat Testes. Anatomia, 
Histologia, Embryologia. 35(5): 305-309. 

Yoon M, Jiang J, Chung KH and Roser JF 2015. Immunolocalization of insulin-like 
growth factor-I (IGF-I) and its receptors (IGF-IR) in the equine epididymis. 
Journal of Reproduction and Development. 61(1): 30-34. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 53 

Yoon MJ, Berger T and Roser JF 2011. Localization of insulin-like growth factor-I (IGF-I) 
and IGF-I receptor (IGF-IR) in equine testes. Reprod Domest Anim. 46(2): 221-
228. 

Yoon MJ and Roser JF 2011. A synergistic effect of insulin-like growth factor (IGF-I) on 
equine luteinizing hormone (eLH)-induced testosterone production from 
cultured Leydig cells of horses. Animal Reproduction Science. 126(3): 195-199. 

Zangeronimo M, Silva DM, Solis-Murgas L, Sousa RV, Rocha LL, Pereira B, Faria BG and 
Veras G 2013. Identification of insulin-like growth factor-I in boar seminal 
plasma and its influence on sperm quality. Archivos de Zootecnia. 62. 

Zitzer H and Boult V 2018. Vasectomies of male African elephants as a population 
management tool: A case study. Bothalia-African Biodiversity & Conservation. 
48(2): 1-9. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VITA 
 

VITA 
 

NAME Yuqing Yang 

DATE OF BIRTH 1st August 1996 

PLACE OF BIRTH China 

INSTITUTIONS ATTENDED Veterinary Science and Technology program, Faculty of 
Veterinary Science, Chulalongkorn University 

PUBLICATION CUVC 2020 proceeding  
CUVC 2021 proceeding 

AWARD RECEIVED Second runner-up CUVC 2021 Oral presentation 
  

 

 


	Relationship between insulin-like growth factor-1 and semen quality in Asian elephants (elephas maximus)
	Recommended Citation

	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1
	Introduction
	CHAPTER 2
	Literature Review
	2.1 Status of population
	2.2 Reproductive anatomy
	2.3 Reproductive behavior
	2.4 Semen characteristics
	2.5 Poor semen quality
	2.6 Assisted reproductive technologies (ARTs)
	2.7 Insulin-like growth factor-1 (IGF-1)
	2.8 IGF-1 and male infertility
	2.9 Factors that affect IGF-1 concentrations
	2.10 Testosterone
	2.11 Enzyme-linked immunosorbent assay (ELISA) validation
	2.12 Hypothesis
	2.13 Objectives

	CHAPTER 3
	Materials and Methods
	3.1 Animals
	3.2 Blood sampling
	3.3 Semen collection and evaluation
	3.3.1 Sperm membrane integrity
	3.3.2 Sperm morphology
	3.3.3 Functional membrane integrity
	3.3.4 Sperm DNA integrity
	3.3.5 Acrosome integrity

	3.4 Validation and evaluation of serum IGF-1
	3.5 Evaluation of serum testosterone
	3.6 Statistical analyses

	CHAPTER 4
	Results
	CHAPTER 5
	Discussion
	5.1 Conclusions
	5.2 Limitation and suggestion of this study

	REFERENCES
	VITA

