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SRIYANTO 
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Chairperson: Professor Mohd. Zamri Saad, DVM, PhD 
 
 
Faculty: Veterinary Medicine 

 
 

The lesser mouse deer (Tragulus javanicus), belongs to the suborder Ruminantia and 

as the smallest ungulate species in the world is a common native to the tropical rain 

forest of Southeast Asia. The population of lesser mouse deer is threatened by illegal 

hunting and habitat destruction for many years.  Thus, conservation and management 

of this animal is becoming important. One of the keys for successful conservation 

and breeding of wild animals is the management and knowledge of the reproductive 

system. Currently, limited information is available on the reproductive physiology of 

the lesser mouse deer.  Furthermore, the reproductive physiology with regards to the 

reproductive activity of the lesser mouse deer is mainly unknown, creating gaps in 

understanding the reproduction of this animal.  

 

As there is limited information on their reproductive especially of the male animal, 

this study was conducted with the objective to determine the gross morphological 

and histological features on the male reproductive organs, the testosterone levels and 

profiles, the distribution and appearance of steroidogenic enzymes and the gonadal 
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regulatory hormones in the testis to provide better understanding on the male 

reproductive activity of lesser mouse deer.   

 

This study describes the general structures of the male reproductive system of lesser 

mouse deer, which include gross and histological morphology, analysis of 

testosterone concentration levels and the profile, based on the testosterone levels in 

fecal samples. The samples were collected from 3 adult male lesser mouse deer for a 

period of 6 months covering both dry and wet months.  They were subjected to high 

performance liquid chromatography (HPLC) techniques to determine the testosterone 

levels. Using immunohistochemistry staining, distribution and localization of 

gonadal regulatory hormones, sex steroid hormones and converting steroidogenic 

enzymes in the testis were determined. 

 

Generally, the male reproductive organ consisted of two oval-shaped testes, 14 mm 

in length and 10 mm in diameter, which were located within the scrotum. This was 

followed by the ducts that consisted of the epididymis and vas deferens of 117 mm 

long, and the accessory organs consisted of ampullae, seminal vesicles, prostate and 

bulbo-urethral glands, and finally the penis. The penis of lesser mouse deer was 

fibroelastic type with sigmoid flexure, resembling that of the boar and other 

ruminants. The glans penis was twisted at the end, resembling that of the boar but 

was twisted one and a half turns clockwise whereas the twisted end of the glans penis 

of boar is counter-clockwise. 

 

The study of testosterone profile revealed fluctuating testosterone levels between 

0.01 and 17.90 ppm, but the levels were significantly increased (p<0.05) in the wet 
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months. Peak testosterone levels were observed at approximately 10-day intervals, 

particularly during the wet months of October, November and December, which 

correlated well with the 16-day estrus cycle of the females. These results were 

supported by investigation on the immunolocalization of steroidogenic enzymes and 

gonadal hormones in the testis of the lesser mouse deer during dry and wet months. 

Testicular steroidogenesis of the lesser mouse deer occurs at different sites within a 

testis. The 3-HSD enzyme appeared in Leydig cells, Sertoli cells and spermatogonia 

while the cytochrome P450scc enzyme appeared only in the Leydig cells. The 

inhibin alpha hormone, on the other hand, was observed stronger in Sertoli cells.  

This suggests that in the wet months, Leydig cells are more active in producing 

steroidogenic enzymes and gonadal hormone, thus, correlated well with earlier 

observations that the breeding season for the lesser mouse deer was during the wet 

months. On the other hand, Sertoli cells were active in producing the enzyme in both 

dry and wet months.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 

 
GONADAL STRUCTURE AND ANDROGEN ACTIVITY OF THE MALE 

LESSER MOUSE DEER (TRAGULUS JAVANICUS OSBECK)  
(STRUKTUR GONADAL DAN AKTIVITI HORMON ANDROGEN PELANDUK 

(TRAGULUS JAVANICUS OSBECK)JANTAN) 
 

Oleh 
 
 

SRIYANTO 
 

Ogos  2011 
 
 
 
Pengerusi: Profesor Mohd. Zamri Saad, DVM, PhD 
 
Fakulti : Perubatan Veterinar 
 
 
Pelanduk atau kancil (Tragulus javanicus), tergolong dalam suborder Ruminantia 

dan spesis haiwan berkuku terkecil di dunia yang terdapat dalam hutan hujan tropika 

di Asia Tenggara. Terkini, populasi kancil telah turun mendadak akibat ancaman 

pemburuan liar dan pemusnahan habitat.  Dengan demikian, pemuliharaan dan 

pengurusan haiwan ini menjadi penting. Salah satu kunci kejayaan pemuliharaan dan 

captif kehidupan liar termasuk pengurusan dan pengetahuan tentang sistem 

pembiakan. Memandangkan yang maklumat amat terhad terhadap fisiologi 

reproduksi berkaitan dengan aktiviti pembiakan kancil, terdapat jurang yang luas 

yang perlu difahami. Oleh itu, pengetahuan tentang organ pembiakan jantan, kadar 

testosteron, pengedaran dan penampilan enzim steroidogenik dan hormon gonad 

seperti inhibin dan aktivin pada testis akan memberikan kefahaman yang lebih baik 

terhadap kegiatan pembiakan jantan haiwan ini. 
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Oleh kerana maklumat berkaitan organ pembiakan pelanduk jantan adalah terhad 

maka kajian ini telah dijalankan bertujuan untuk menentukan ciri morfologi dan 

histologi pada organ pembiakan jantan, paras testosteron dan profil, pengedaran dan 

rupa enzim steroidogenic dan hormon gonad pengawalseliaan dalam testis untuk 

memberi kefahaman yang lebih baik terhadap  aktiviti pembiakan  kancil  jantan. 

 

Kajian ini menggambarkan struktur sistem pembiakan pelanduk jantan termasuk  

morpologi dan histologi, analisis tahap kepekatan testosteron dan profil berdasarkan 

mengukur paras testosteron yang diekstrak daripada sampel najis. Sampel ini diambil 

daripada 3 ekor pelanduk jantan dewasa untuk tempoh 6 bulan yang meliputi kedua-

dua bulan kemarau dan tengkujuh. Sampel dianalisis dengan tehnik kromatografi 

cecair prestasi tinggi (HPLC) untuk menentukan paras testosteron. Menggunakan 

teknikal  Immunohistokimia untuk melihat pengagihan dan pentaburan hormon 

gonad pengawalseliaan, hormon steroid seks dan enzim steroidogenic dalam testis. 

 

Secara umumnya organ pembiakan haiwan pelanduk jantan terdiri daripada dua testis 

yang berbentuk bujur, 14 mm panjang dan 10 mm, yang terletak di dalam skrotum, 

saluran epididimis dan vas deferens berukuran 117 mm panjang, sementara organ 

aksesori terdiri daripada ampullae, vesikel seminalis, prostat dan kelenjar bulbo-

urethra, dan akhirnya zakar. Zakar kancil yang kurang jenis fibroelastic dengan 

lenturan sigmoid, menyerupai babi dan ruminan lain. Penghujung glans penis kancil 

adalah bengkok, menyerupai babi jantan. Namun begitu, penghujung glans penis 

kancil adalah mengikut arah jam dengan satu setengah pusingan sedangkan 

penghujung glans penis babi adalah berlawanan arah jam. 
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Kajian analisis profil testosterone mendedahkan tahap testosteron di antara 0.01 dan 

17.90 ppm, tetapi tahap testosteron pada bulan hujan ternyata (p <0.05) lebih tinggi. 

Puncak tertinggi testosteron adalah pada setiap 10-hari kitaran, terutama pada bulan 

hujan iaitu Oktober, November dan Disember. Ini adalah selaras dengan kitaran 

estrus 16 hari pada haiwan betina. Keputusan ini disokong oleh pemeriksaan 

terhadap kedudukan enzim steroidogenik dan hormon gonad testis kancil semasa 

bulan kemarau dan hujan. Steroidogenesis kancil terdapat di lokasi yang berbeza 

dalam testis. Enzim 3-HSD terdapat dalam sel Leydig, sel Sertoli dan 

spermatogenia, sedangkan enzim cythochrome P450scc hanya terdapat dalam sel 

Leydig. Hormon inhibin lebih banyak dalam sel Sertoli. Hal ini menunjukkan 

bahawa pada bulan hujan, sel Leydig lebih aktif dalam menghasilkan enzim 

steroidogenik dan hormon gonad. Ini sehingga berhubungan baik dengan cerapan 

sebelumnya bahawa musim pembiakan untuk kancil adalah selama bulan hujan.  
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CHAPTER 1 

 

INTRODUCTION 
 

The lesser mouse deer (Tragulus javanicus), the smallest ungulate species in the 

world (Nowak, 1991), is a native of tropical rain forests of Southeast Asia (Medway, 

1969). This animal is interesting from several view points: the animal is regarded as 

the smallest ruminant and has been proposed to be a model in biomedical and 

ruminant research (Kudo et al., 1997). On the other hand, the lesser mouse deer 

shows larger proportion of carcasses and therefore is suitable as an alternative meat 

source (Ismail et al., 1992). In addition, this animal is an interesting exhibit in the 

zoo and other conservation areas for the purpose of education and tourism. 

 

Currently, the population of the lesser mouse deer is threatened by illegal hunting 

and habitat destruction. According to the 2007 International Union for Conservation 

of Nature and Natural Resources (IUCN) Red List of Threatened Species, there are 

6,306 species of animals that have become threatened all over the world, with 1,528 

animal species are reported as critically threatened, including 162 species of 

mammals. Tragulus javanicus is listed in the Red List by IUCN as data deficient and 

this partly reflects the lack of clarity over how many species of this animal there are 

in the natural habitat and also the lack of information on Tragulus javanicus. 

Dedicated field investigations of status are urgently warranted, and the status of Red 

List species should be reviewed regularly in light of current uncertainty and concerns 

(IUCN-World Conservation Union).    
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Conservation and management of wildlife animal species is becoming important. 

One key success in the conservation and breeding strategy of wildlife animals 

includes the knowledge and manipulation of the reproductive system. There is only 

limited information available on the reproductive system of the lesser mouse deer. In 

order to understand the science of reproduction, it is necessary to include anatomy, 

histology, physiology, endocrinology, embryology, pathology, cytology, 

microbiology and nutrition. However, the reproductive anatomy and physiology with 

regard to the reproductive activity of the lesser mouse deer are not yet known. 

Therefore there is still wide gap to the understanding of the reproduction of this 

animal, especially of the male animals. 

 

In males, the pattern of reproductive activity can be studied by measuring the 

testosterone levels, the androgenic hormone that is essential to maintain sexual 

function, germ cell development and accessory sex organs of males (Payne and 

Youngblood, 1995). Among seasonal breeding animals, testosterone levels have been 

shown to a peak at mating time; this is not known in the male lesser mouse deer. 

Besides androgen, oestrogen is another important hormone that regulates part of the 

male endocrine system. Previous studies have indicated that various processes of 

spermatogenesis are impaired following inappropriate exposure to oestrogen, 

highlighting the importance of a normal balance between androgen and oestrogen for 

the male fertility (Donnel, 2003).  

 

Synthesis of steroid hormones such as androgen and oestrogen requires steroidogenic 

enzyme activities. The enzymes such as cholesterol side chain cleavage cytochrome 

(P450scc), and 3-ß-hydroxysteroid dehydrogenase (3ßHSD) are required to convert 
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cholesterol into testosterone, while cytochrome P450 aromatase (P450arom) is 

responsible to convert oestrogen from testosterone (Bhasin et al., 2003; Donnel 

2003). Therefore, knowledge on the distribution and presence of steroidogenic 

enzymes in the testes will provide better understanding of the synthesis and 

proportion of steroid hormones in a species. In addition to the steroid hormones, 

others hormones are also secreted by the testes and play an important role in the  

reproduction function. These hormones include the gonadal regulatory hormones 

such as inhibin and activin, which function in regulating secretion of FSH from the 

pituitary gland (Vale et al., 1986; Vale et al., 1988).  

 

The activity of spermatogenesis begins at puberty. During spermatogenesis, 

morphological changes occur in the Sertoli and spermatogenic cells i.e. the 

spermatogonia, spermatocytes and spermatids. The end product of spermatogenesis 

is the elongated spermatids, which are released during spermiasis to enter the 

epididymis and undergo maturation. The processes of spermatogenesis are controlled 

by the pituitary and gonadal hormones (Kurohmaru et al., 2000).  . 

 

As there is limited information on the reproductive physiological data of the male 

lesser mouse deer, Tragulus javanicus, this study was conducted with the following 

objectives: 

 

1. To describe the gross morphology and histological features of the male 

reproductive organ of lesser mouse deer (This includes the morphological 
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changes of the seminiferous tubules and spermatogenic cells during 

spermatogenesis at light microscopic levels). 

  

2. To evaluate variation the testosterone concentrations of the male lesser mouse 

deer during in the research period both in dry and wet season. 

 

3. To immunolocalize the site of gonadal regulatory hormones (activin, inhibin), 

and sex steroid hormones (progesterone, androgen and oestrogen) converting 

steroidogenic enzymes in the testes by specific immunohistochemistry. 

 



© C
OPYRIG

HT U
PM

 121

REFERENCES: 

Anonymous.  1994.  The Indonesian Sumatran Tiger Conservation Strategy.  Jakarta: 
Ministry of Forestry, Republic of Indonesia.  

Anonymous.  1995.  National conservation plan for Indonesia: a review and update 
of the 1982 national conservation plan for Indonesia.  Jakarta: Ministry of 
Forestry, Republic of Indonesia. 

Agil, M., Setiadi, D.R., Supriatna, I., and Purwantara, B.  2008.  Non invasive 
endocrine monitoring of reproduction and stress in the wild animals: 
Analyzing hormone metabolites in urine and faeces using 
enzymeimmunoassay.  Proceeding of Asian Zoo and Wildlife Medicine 
Conference.  Bogor, Indonesia, August 19-22nd 2008. 

Agungpriyono, S., Prasetyaningtyas, W.E., Boediono, A., Yamamoto, Y. and Setiadi, 
M.A.  2005.  Sperm quality and sperm preservation in the lesser mouse deer, 
Tragulus javanicus.  9th International Mammalogical Congress. Sapporo, 
Japan. 

Ashdown, R.R. and Smith, J.A.  1969.  The anatomy of the corpus cavernosum penis 
of the bull and its relationship to spiral deviation of the penis.  Journal of 
Anatomy 104:153-159. 

Ashdown, R.R. and Hancock, J.L.  1974.  Reproduction in farm animals. 3th edition.  
USA: Lea and Febiger. 

Bain, P. A., Yoo M., Clarke T., Hammond S. H. and Paine A. H.  1991.  Multiple 
forms of mouse 3 beta-hydroxysteroid dehydrogenase/delta 5-delta 4 
isomerase and differential expression in gonads, adrenal glands, liver, and 
kidneys of both sexes.  Proceedings of the National Academy of Sciences of 
the United States of America  88: 8870-8874. 

Balasse, M and Tresset, A.  2007.  Environmental constraints on the reproductive 
activity of domestic sheep and cattle: what latitude for the herder?  
Anthropozoologica 42 (2): 71-88. 

Bamberg, E. and Schawarzenberger, F.  1990.  Faecal steroid assay for monitoring of 
estrous cycle and pregnancy. In: Proceedings 4th congress of the 
International Society for Animal Clinical Biochemistry, ed. Kaneko, J.J.  
pp.95-99.  Davis: University of California. 

Bardin, C.W. and Lipsett, M.B.  1967.  Estimation of testosterone and 
androstenedione in human peripheral plasma.  Steroid 9: 71-84.  



© C
OPYRIG

HT U
PM

 122

Bearden, H.J., Fuquay, J.W. and Willard, S.T.  2004. Applied Animal Reproduction. 
London, UK: Prentice-Hall International. 

Bhasin, G., Henry, H.L. and Norman, A.W.  2003.  Encyclopedia of hormones. 
California:  Academic Press. 

Bolen, E.G. and Robinson, W.  2003.  Wildlife ecology and management. Fifth 
edition.  Pearson Education, Inc. New Jersey, USA. 

Bonney, R.C., Reed M.J., Beranek, P.A. and James, V.H.  1985.  Metabolism of 
adrenal androgens by human endometrium and adrenal cortex.  Journal of 
Steroid Biochemistry 23: 347-352. 

Broers, P.  1993.  Compendium of animal reproduction. Intervet International. 

Brown, J.L., Wildt, D.E., Wielebnowski, N., Goodrowe, K.L., Graham, L.H., Wells, 
S. and Howard, J.D.  1996.  Reproductive activity in captive female cheetahs 
(Acinonyx jubatus) assessed by faecal steroids.  Journal of Reproduction and 
Fertility 106: 337-346. 

Brown, J.L., Graham, L.H., Wielebnowski, N., Swanson, W.F., Wildt, D.E. and 
Howard, J.G.  2001.  Understanding the basic reproductive biology of wild 
felids by monitoring of faecal steroids.  Journal of Reproduction and Fertility 
57: 71-82. 

Bubenik, G.A., Reyes, E., Schams, D., Lobos, A. and Bartos, L.  1996.  Seasonal 
levels of LH, FSH, testosterone and prolactin in adult male Pudu (Pudu 
puda).  Journal of Comparative Biochemisty Physiology 115B (4): 417-420. 

Caponi, L. and Migliorini, P.  1999.  Antibody usage in the laboratory. New York: 
Springer. 

Carreau, S., Genissel, C., Bilinska, B. and Levallet, J.  1999.  The estrogen sources in 
the testes and the reproductive tract of the male.  International  Journal of 
Andrology 22: 211-213 

Cavigelli, S.A.  1999.  Behavioural patterns associated with faecal cortisol levels in 
free-ranging female Ring-tailed lemurs, Lemur catta.  Journal of Animal 
Behaviour 57: 935-944. 

Chen, Y., Yazdanpanah, M., Hoffman, B.R., Diamandis, E.P. and Wong, P.Y.  2009.  
Rapid determination of serum testosterone by liquid chromatography-isotope 



© C
OPYRIG

HT U
PM

 123

dilution tandem mass spectrometry and a split sample comparison with three 
automated immunoassays.  Journal of Clinical Biochemistry 42: 484-490. 

Cochran, R.C., Darney, K.J. and Ewing, L.L.  1979.  Measurement of testosterone 
with a high performance liquid chromatograph equipped with a flow-through 
ultraviolet spectrophotometer.  Journal Chromatography 173: 349-355.   

Darlis., Abdullah, N., Liang, J.B., Purwanto, B. and Ho, Y.W.  2001.  Energy 
expenditure in relation to activity of lesser mouse deer (Tragulus javanicus).  
Journal of Comparative Biochemistry and Physiology A 130: 751-757. 

Demers, L.M.  2008.  Testosterone and estradiol assays: Current and future trends.  
Steroids 73: 1333-1338. 

Dloniak, S.M., French, J.A., Place, N.J., Weldele, M.L., Glickman, S.E. and 
Holekamp, K.E.  2004.  Non-invasive monitoring of faecal androgens in 
spotted hyenas (Crocuta crocuta).  Journal of General and Comparative 
Endocrinology 135: 51-61. 

Donnel, L. O.  2003.  Encyclopedia of hormones. California: Academic Press. 

Dubost, G.  1986.  Tragulidae in The Encyclopedia of animals. Tokyo: Helbosha 
Ltd. Publ.  

Dumont, M., Luu-The, V., Dupont, E., Pelletier, G. and Labrie, F.  1992.  
Characterization, expression, and immunohistochemical localization of 3 
beta-hydroxysteroid dehydrogenase/delta 5-delta 4 isomerase in human skin.  
Journal of Investigative Dermatology 99: 415-421. 

Dyce, K.M., Sack, W.O. and Wensing, C.J.G.  2002.  Textbook of veterinary 
anatomy. 3rd  edition.  St. Louis, Mo: Saunders-Elsevier.   

Dyson, N.  1992.  Chromatographic integration methods. In The Royal society of 
chemistry. United Kingdom: Cambridge Press. 

El-Alfy, M., Luu-The, V., Huang, X.F., Berger, L., Labrie, F. and Pelletier, G.  1999.  
Localization of type 5 17 beta-hydroxysteroid dehydrogenase, 3 beta-
hydroxysteroid dehydrogenase, and androgen receptor in the human prostate 
by in situ hybridization and immunocytochemistry.  Journal of 
Endocrinology 140: 1481-1491. 



© C
OPYRIG

HT U
PM

 124

Freeman, M.E.  1994.  The neuroendocrine control of the ovarian cycle of the rat. In 
The physiology of reproduction ed. Knovil, J.D., Neil, G.S., Greenwals, L.M., 
Clement, W.P. and  Donald, E. pp. 613-658.  New York: Raven Press. 

Garner, D.L. and Hafez, E.S.E.  2000.  Spermatozoa and seminal plasma. In: 
Reproduction in farm animals 7th edition, ed. Hafez, E.S.E. and Hafez, B.  
USA: Lippincott Williams and Wlkins. 

Gartner, L.P. and Hiatt, J.L.  2007.  Color textbook of histology. 3rd edition. 
Philadelphia, USA: Saunders Elsevier.   

Gordon, I.  1996.  Controlled reproduction in cattle and buffaloes. In: CAB 
International.  London.  UK. 

Goymann, W.,  Mostl, E., Van't Hof, T.,  East, M.L. and Hofer, H.  1999.  
Noninvasive faecal monitoring of glucocorticoids in spotted hyenas, Crocuta 
crocuta.  Journal of General Comparative Endocrinology 114: 340-348. 

Grzimek, B.  1975.  Grzimek's animal live encyclopedia.  New York: Van Nostrand 
Ranhold Company. 

Hafez, E.S.E. and Hafez, B.  2000.  Reproduction in farm animals. 7th edition.  
London: Wiley-Blackwell. 

Hagey, L.R. and Czekala, N.M.  2003.  Comparative urinary androstanes in the great 
apes.   Journal of General and Comparative Endocrinology 130: 64-69. 

Haron, A.W., Ming, Y. and Zainuddin, Z.Z.  2000.  Evaluation of semen collected by 
electroejaculation from captive lesser Malay chevrotain (Tragulus javanicus).  
Journal of Zoo Wildlife Medicine 31 (2): 164-167. 

Hayakawa, D., Sasaki, M., Suzuki, M., Tsubota, T., Igota, H., Kaji, K. and Kitamura,  
N.  2010.  Immunohistochemical localization of steroidogenic enzymes in the 
testes of the Sika deer (Cervus nippon) during developmental and seasonal 
changes.  Journal of Reproduction and Development 55 (1): 117-123. 

Heistermann, M., Agil, M., Buthe, A. and Hodges, J.K.  1998.  Metabolisme and 
excretion of oestradiol-17beta and progesterone in the Sumatran rhinoceros 
(Dicerorhinus sumatrensis).  Journal of Animal Reproduction Science 53: 
157-172. 



© C
OPYRIG

HT U
PM

 125

Hesterman, H., Wasser, S.K. and Cockrem, J.F.  2005.  Longitudinal monitoring of 
faecal testosterone in male Malayan sun bears (U. malayanus).  Journal of 
Zoo Biology  24: 403-417. 

Holt, W.V. and Pickard, A.R.  1999.  Role of reproductive technologies and genetic 
resource banks in animal conservation.  Journal of Reproduction and Fertility  
4: 143-150. 

Hosoda, H., Yoshida, H., Sakai, Y., Miyairi, S. and Nanbara, T.  1980.  Sensitivity 
and specificity in enzyme immunoassay of testosterone.  Chemical 
Pharmaceutical Bulletin 28: 3035-3040. 

Hsu, S.M., Raine, L. and Fanger, H. 1981.   Use of avidin-biotin-peroxidase complex 
(ABC) in immunoperoxidase techniques: a comparison between ABC and 
unlabeled antibody (PAP).  Journal of Histochemistry and Cytochemistry 30: 
577–580. 

Hsueh, A.W.J., Dahl, K.D. and Vaughan, J.  1987.  Heterodimers and homodimers of 
inhibin subunits have different paracrine action in the modulation of 
luteinization hormone-stimulated androgen biosynthesis.  Proceeding of the 
National Academy of Sciences USA  84: 5082-5086. 

Huffman, B. 2010. Your guide to the world's hoofed mammals. 
www.ultimateungulate.com. Retrieved 20 December 2010. 

Inkster, S., Yue, W. and Brodie, A. 1995.  Human testicular aromatase: 
Immunocytochemical and biochemical studies. Journal of Clinical 
Endocrinology and Metabolism 6: 1941-1947. 

Ismail, H., Vidyadaran, M.K. and Shanti, G.  1992.  Mousedeer: The little known 
animal. In: Proceeding of the fourth annual general meeting and scientific 
conference of the Veterinary Association Malaysia.  Kuala Lumpur, 
Malaysia. 

Isobe, N., Nakao, T., Yamashiro, H. and Shimada, M.  2005.  Enzyme immunoassay 
of progesterone in the faeces from beef cattle to monitor the ovarian cycle.  
Journal of Animal Reproduction Science 87 (1-2): 1-10. 

IUCN-World Conservation Union. http://www.iucnredlist.org/.  Retrieved 20 
December 2010. 



© C
OPYRIG

HT U
PM

 126

Jainudeen, M.R., Katongole, C.B. and Shorth, R.V.  1972a.  Plasma testosterone 
levels in relation to musth and sexual activity in the male Asiatic elephant, 
Elephas maximus.  Journal of Reproduction and Fertility 29: 99-103. 

Jainudeen, M.R., Mckay, G.M. and Eisenberg, J.F.  1972b.  Observation on musth in 
the domesticated Asian elephant.  Mammalia 36: 247-261. 

Jinaka, H.  1995.  Endangered animal-mouse deer.  A guide to the threatened animals 
of Singapore 2: 38-39. 

Johnson, L., Thompson, D.L. and Varner, D.D.  2008.  Role of sertoli cell number 
and function on regulation of spermatogenesis.  Journal of Animal 
Reproduction Science 105: 23-51. 

Jumaliah, N.  1999.  Pola perilaku, estimasi kuantitatif konsumsi dan daya cerna 
kancil (Tragulus javanicus) terhadap pakan di Kebun Binatang Ragunan 
Jakarta. Bogor: Institut Pertanian Bogor. 

Kashiwagi, B., Shibata, Y., Ono, Y., Suzuki, R., Honma, S. and Suzuki, K.  2005.  
Changes in testosterone and dihydrotestosterone levels in male rat accessory 
sex organs, serum, and seminal fluid after castration: establishment of a new 
highly sensitive simultaneous androgen measurement method.  Journal of 
Andrology 26 (5): 586-591. 

Kiernan, J.A.  1990.  Histological and histochemical methods: Theory and practice.  
2nd edition.  Toronto, Canada: Pergamon Press. 

Kimura, J., Sasaki, M., Endo, H. and Fukuta, K.  2004.  Anatomical and histological 
characterization of the female reproductive organs of mouse deer 
(Tragulidae).  Journal of Placenta 25 (8-9): 705-711. 

Kowalewski, M.P., Mason, J.I., Howie, A.F., Morley, S.D., Schuler, G. and 
Hoffmann, B.  2006.  Characterization of the canine 3 beta-hydroxysteroid 
dehydrogenase and its expression in the corpus luteum during diestrus.  
Journal of Steroid Biochemistry and Molecular Biology 101: 254-262. 

Kretser, D.M. d.  1990.  Inhibin.  Journal of Molecular and Cellular Endocrinology 
69: C17-C20. 

Kudo, H., Fukuta, K., Imai, S., Dahlan, I., Abdullah, N., Ho, Y.W. and Jalaludin, S.  
1997.  Establishment of lesser mouse deer (Tragulus javanicus) colony for 
use as a new laboratory animal and/or companion animal.  JIRCAS Journal 4: 
79-88. 



© C
OPYRIG

HT U
PM

 127

Kumar, V., Contran, R.S. and Robbins, S.L.  1997.  Robbins basic pathology. 7th 
edition.  China: Saunders. 

Kurohmaru, M., Mizukami, T., Kanai, Y., Hondo, E., Endo, H., Kimura, J., 
Rerkamnuaychoke, W., Agungpriyono, S., Nishida, T., Yamada, J. and 
Hayashi, Y.  2000.  A lectin-histochemical study on the seminiferous 
epithelium of the northern smooth-tailed tree shrew (Dendrogale murina) and 
the Java tree shrew (Tupaia javanica).  Okajimas Folia Anatomica Japonica 
77 (2-3): 63-68. 

Kurohmaru, M., Saruwatari, T., Kimura, J., Mukohyama, M., Watanabe, G., Taya, 
K. and Hayashi, Y.  2002.  Seasonal changes in spermatogenesis of the 
Japanese lesser horseshoe bat, Rhinolophus cornutus from a morphological 
viewpoint.  Okajimas Folia Anatomica Japonica 79 (4): 93-100. 

Kusuda, S., Nagami, H., Ueda, K., Nishikaku, T., Nakagawa, D., Takida, T., Kurita, 
D., Uemichi, K., Fukai, M., Kubota, H., Ooe, T., Okuda, K., Kusunoki, H. 
and Doi, O.  2006.  Characterization of the reproductive cycle in female 
bharals (Pseudois nayaur) based on the changes in serum progesterone 
concentrations and parturition season.  Journal of Veterinary Medical Science 
68 (8): 847-851. 

Lambard, S., Silandre, D., Delalande, C., Denis-Galeraud, I., Bourhuiba, S. and 
Carreau, S.  2005.  Aromatase in testes: Expression and role in male 
reproduction.  Journal of Steroid Biochemistry and Molecular Biology 95: 
63-69. 

Langer, P.  1988.  Comparative anatomy, function and evolution.  Stuttgart, New 
York: Gustav Fisher. 

Lekagul, B. and McNeely, J.A.  1988.  Mammals of Thailand.  Bangkok: Saha Karn 
Bhaet Co. 

Lepage, R.  2006.  Measurement of testosterone and its sub-fraction in Canada.  
Clinical Biochemistry 39: 97-108. 

Li, X.F., Ma, M., Cheng, A., Zheng, J. and Tam, Y.K.  2002.  Determination of 
testosterone and its metabolites using liquid chromatography with elevated 
column temperature and flow-rate gradient.  Analytica Chimica Acta 457: 
165-171. 

Liang, J.H., Sankai, T., Yoshida, T., Cho, F. and Yoshioka, Y.  1998.  Localization 
of testosterone and 3 -hydroxysteroid dehydrogenase/ 4-A5 isomerase in 



© C
OPYRIG

HT U
PM

 128

cynomolgus monkey (Macaca fascicularis) testes.  Journal of Medical 
Primatology 27: 10-14. 

Lincoln, G.A. and McNeilly, A.S.  1989.  Inhibin concentrations in the peripheral 
blood of rams during a cycle in testicular activity induced by changes in 
photoperiod or treatment with melatonin.  Journal of Endocrinology 120: R9-
R13. 

Loi, P., Ptak, G., Barboni, B., Fulka, J., Cappai, P., and Clinton, M.  2001.  Genetic 
rescue of an endangered mammal by cross-species nuclear transfer using 
post-mortem somatic cells. Nature Biotechnology 19: 962-964. 

Luna, L.G.  1968.  Manual of histology staining methods of the Armed Forces 
Institute of Pathology.  Third edition.  New York: The Blakiston Division, 
Mcgraw-Hill Book Company. 

Lynn, S.E. and Wingfield, J.C.  2008.  Dissociation of testosterone and aggressive 
behavior during the breeding season in male chestnut-collared longspurs, 
Calcarius ornatus.  Journal of General and Comparative Endocrinology 
156:181-189. 

Mackinnon, J. and Mackinnon, K.  1986.  Managing protected area in the tropics. 
International Union for Conservation of Nature and Natural Resources and 
United Nations Environment Programme. 

Martensz, N.D. and Everitt, B.J.  1982.  Effects of passive immunization against 
testosterone on the sexual activity of female rhexus monkeys.  Journal of. 
Endocrinology 94: 271. 

Mather, J.P., Woodruff, T.K. and Krummen, L.A.  1992.  Paracrine regulation of 
reproductive function by inhibin and activin.  Proceeding of the Society for 
Experimental Biology and Medicine 201 (1): 1-15. 

Matsubayashi, H., Bosi, E. and Kashima, S.  2003.  Activity and habitat use of lesser 
mouse deer, Tragulus javanicus.  Journal of Mammal 84: 234-242. 

McMaster, M.C.  2005.  LS/MS A practical user's guide.  USA: A John Wiley & 
Sons, Inc. 

Medway, L.  1969.  The wild mammals of Malaya and Offshore Islands including 
Singapore.  Kuala Lumpur: Oxford University Press. 



© C
OPYRIG

HT U
PM

 129

Meijard, E. and Groves C. P.  2004.  A Taxonomic revision of the Tragulus mouse 
deer (Artiodactyla).  Zoo Journal of the Linnean Society 140: 63-102. 

Mendes, R.M.M., Nascimento, A.A.D., Santos, C.M.D., Cardoso, T.R.D., Pinheiro, 
N.L. and Sales, A.  2008.  An immunocytochemical study of the endocrine 
cells in the stomach and duodenum of Zonotrichia capensis subtorquota 
(Passeriformes, Emberizidae).  Acta Histochemica 111(1): 83-92. 

Meyer, V.R.  2004.  Practical high performance liquid chromatography.  New York, 
USA: John Wiley & Sons. 

Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A.B. and Kent, J.  
2000.  Biodiversity hotspots for conservation priorities. Journal of Nature 
403: 853-858 

Miller, W. I.  2005.  Minireview.  Regulation of steroidogenesis by electron transfer.  
Journal of Endocrinology 146 (6): 2544-2550. 

Milewich, L., Winters, A.J., Stephens, P. and MacDonald, P.C.  1977.  Metabolism 
of dehydroisoandrosterone and androstenedione by the human lung in vitro.  
Journal of Steroid Biochemistry 8: 277-284. 

Mohle, U., Heistermann, M., Palme, R. and Hodges, J.K.  2002.  Characteristization 
of urinary and faecal metabolites of testosterone and their measurement for 
assessing gonadal endocrine function in male non-human primates.  Journal 
of General and Comparative Endocrinology 129: 135-145. 

Morris, K., Morris, J. and Kartana, I.N.  1999.  Mouse deer and crocodile : An Asian 
Folktale.  Arlington, VA: Bamboo Books. 

Najamudin.  2010.  Kajian pola reproduksi pada kancil (Tragulus javanicus) dalam 
mendukung pelestariannya. Thesis. Sekolah Pascasarjana. Institut Pertanian 
Bogor. Indonesia 

Niessen, W.M.A.  2007.  Liquid chromatography-mass spectrometry.  3rd edition. 
New York, USA: Taylor & Francis Group. 

Nitta, H., Bunick, D., Hess, R., Janulis, L., Newton, S., Millette, C., Osawa, Y., 
Shizuta, Y., Toda, K. and Bahr, J.  1993.  Germ cells of the mouse testes 
express P450 aromatase. Journal of Endocrinology 132: 1396-1401. 



© C
OPYRIG

HT U
PM

 130

Nowak, M. and Paradiso.  1983.  Chevrotain or mouse deer. In Walkers mammals of 
the world.  Vol. 2. 5th edition.  Kuala Lumpur: Oxford University Press. 

Nowak, R.M.  1991.  Walker's mammals of the world. 5th edition.  New York: The 
Johns Hopkins University Press. 

Okano, T., Murase, T. and Tsubota, T.  2003.  Spermatogenesis, serum testosterone 
levels and immunolocalization of steroidogenic enzymes in the wild male 
Japanese black bear, Ursus thibetanus japonicus.  Journal of Veterinary 
Medical Science 65: 1093-1099. 

Palme, R., Holzmann A. and Mitterer T.  1994.  Measuring faecal estrogens for the 
diagnosis of cryptorchidism in horses.  Journal of Theriogenology 42: 1381-
1387. 

Palme, R.  2005.  Measuring faecal steroids: guidelines for practical application.  
Annals of the New York Academy of Sciences 1046: 75-80 

Palme, R., Fischer, P., Schildorfer, H., and Ismail, M.  1996.  Excretion of infused 
14C-steroid hormones via faeces and urine in domestic livestock.  Animal 
Reproduction Science 43 (1): 43-63. 

Parriott, D.  1997.  A practical guide to HPLC detection.  New York, USA: 
Academic Press Inc. 

Payne, A.H. and Youngblood, G.L.  1995.  Regulation of expression of steroidogenic 
enzymes in Leydig cells.  Journal of Biology of Reproduction 52: 217-225. 

Payne, J. and Francis, C.  2005.  A Field Guide to the Mammals of Borneo.  
Malaysia: Perpustakaan Negara Malaysia. 

Paz, G.F., Winter J.S.D., Reyes, F.I. and Faiman, C.  1980.  Developmental pattern 
of testosterone production by the rat testes.  Journal of Steroids 36 (6): 675-
688. 

Pearse, A.G.E.  1980.  Histochemistry theoretical and applied. 4th edition.  
Edinburgh London and New York: Churchill Livingstone. 

Pelletier, G., Li, S., Luu-The, V., Tremblay, Y., Belanger, A. and Labrie, F.  2001.  
Immunoelectron microscopic localization of three key steroidogenic enzymes 
(cytochrome P450scc, 3-hydroxysteroid dehydrogenase and cytochrome 



© C
OPYRIG

HT U
PM

 131

P450c14) in rat adrenal cortex and gonads.  Journal of Endocrinology 171: 
373-383. 

Penning, T.M.  1997.  Molecular endocrinology of hydrixysteroid dehydrogenases.  
Endocrine Reviews 18: 281-305. 

Perez, B. and Mateos, E.  1995.  Seasonal variations in plasma testosterone levels in 
Verata and Malaguena bucks.  Small Ruminant Research 15: 155-162. 

Poole, J.H., Kasman, L.H., Ramsay, E.C. and Lasley, B.L.  1984.  Musth and urinary 
testosterone in the African elephant (Loxodonta africana).  Journal of 
Reproduction and Fertility  70: 255-260. 

Price, S.A., Bininda-Emonds, O.R.P. and Gittleman, J.L.  2005.  A complete 
phylogeny of the whales, dolphins and even-toed hoofed mammals 
(Cetartiodactyla).  Biology Review 80: 445-473. 

Prisco, M., Liguoro, A., Ricchiari, L., Giudice, G.D., Angelini, F. and Andreuccetti, 
P.  2007.  Immunolocalization of 3 beta- HSD and 17 beta-HSD in the testes 
of the spotted ray, Torpedo marmorata.  Journal of General and Comparative 
Endocrinology 155: 157-163. 

Putranto, H.D., Kusuda, S., Ito, T., Terada, M., Inagaki, K. and Doi, O.  2007.  
Reproductive cyclicity based on faecal steroid hormones and behaviors in 
Sumatran tigers, Panthera tigris sumatrae.  Japanese Journal of Zoo and 
Wildlife Medicine 12 (2):111-115. 

Qiang, W., Murase, T. and Tsubota, T.  2003.  Seasonal changes in spermatogenesis 
and testicular steroidogenesis in wild male raccoon dogs (Nyctereutes 
procynoides).  Journal of Veterinary Medical Science  65: 1087-1092. 

Ralls, K., Barasch, C. and Minkowski, K.  1975.  Behavior of captive mouse deer, 
Tragulus napu.  Zeitschrift fur Tierpsychologie 37 (4): 356-378. 

Rasmussen, L.E.L., Hall-Martin, A.J. and Hess, D.L.  1996.  Chemical profiles of 
male African elephants, Loxodonta africana: physiological and ecological 
implications.  Journal of Mammal  77: 422-439. 

Rasmussen, L.E.L., Schmidt, M.J. and Daves, G.D.  1986.  Chemical communication 
among Asian elephant. In Chemical signals in vertebrates IV, ed. D. Duvall, 
D. Miller-Schwarze, and R. Silverstein, pp. 627-645.  Plenum, New York. 



© C
OPYRIG

HT U
PM

 132

Rigaudiere, N. 1981. Quantification of endogenous testosterone and 
dihydrotestosterone in fetal tissues from male guinea pig.  Steroid 38: 185-
194. 

Robin, K.  1990.  Chevrotain. In Grzimek's encyclopedia of mammals 5th  edition, ed. 
P. Parker, pp. 20-123.  New York: Mc Grow. 

Roselli, C.E. and Resko, J.A.  2001.  Cytochrome P450 aromatase (CYP19) in the 
non-human primate brain: distribution, regulation, and functional 
significance.  Journal of Steroid Biochemistry and Molecular Biology 79: 
247-253. 

Sakurai, N., Maruo, K., Haraguchi S., Uno, Y., Oshima, Y., Tsutsui, K., Matsuda, Y., 
Rego, J.L.D., Pelletier, G., Vaudry, H. and Nakamura, M.  2008.  
Immunohistochemical detection and biological activities of CYP17 
(P450c17) in the indifferent gonad of the frog, Rana rugosa.  Journal of 
Steroid Biochemistry and Molecular Biology 112: 5-12. 

Samuelson, D.A.  2007.  Textbook of Veterinary Histology.  3rd  edition. St.Louis, 
Mo: Saunders-Elsevier. 

Schatten, H. and Constantinescu, M.  2007.  Comparative reproductive biology. First 
edition.  Iowa, USA: Blacwell Publishing. 

Schillo, K.K.  2009.  Reproductive physiology of mammals: from farm to field and 
beyond.  First edition. USA: Delmar, Cengage Learning. 

Schwarzenberger, F., Mostl, E., Palme, R. and Bamberg, E.  1996.  Faecal steroid 
analysis for non-invasive monitoring of reproductive status in farm, wild and 
zoo animals.  Journal of Animal Reproduction Science 42: 515-526. 

Schwarzenberger, F., Rietschel, W., Vahala, J., Holeckova, D., Thomas, P., Maltzan, 
J., Baumgartner, K. and Schaftenaar, W.  2000.  Faecal progesterone, 
estrogen, and androgen metabolites for non-invasive monitoring of 
reproductive function in the female Indian rhinoceros, Rhinoceros unicornis.  
Journal of General and Comparative Endocrinology 119: 300-307. 

Scott, R.P.W.  1994.  Liquid chromatography for the analyst.  New York, USA: 
Marcel Dekker Inc. 

Seal, U.S., Plotka, E.D., Smith, J.D., Wright, F.H., Reindl, N.J., Taylor, R.S. and 
Seal, M.F.  1985.  Immunoreactive luteinizing hormone, estradiol, 
progesterone, testosterone and androstenedione levels during the breeding 



© C
OPYRIG

HT U
PM

 133

season and anestrus in Siberian tigers.  Journal of Biology of Reproduction 
32: 361-368. 

Seidel, G.E. and Foote, R.H.  1967.  Motion picture analysis of bovine ejaculation.  
Journal of Dairy Science 50: 970-971. 

Senger, P.L.  1999.  Pathways to pregnancy and parturition.  Washington, USA: 
Current Conceptions Inc. 

Setchell, B.P. and Breed, W.G.  2006.  Physiology of reproduction. USA: Elsevier. 

Shi, S.R., Key, M.E. and Kalra, K.L.  1991.  Antigen retrieval in formalinfixed, 
paraffin embedded tissues: an enhancement method for immunohistochemical 
staining based on microwave oven heating of tissue sections. Journal of. 
Histochemical. Cytochemical 39: 741-748. 

Shore, L.S. and Shemesh, M.  2003.  Naturally produced steroid hormones and their 
release into the environment.  Pure and Applied Chemistry 75 (Nos 11-12): 
1859-1871. 

Skinner, M.K.  1991.  Cell-cell interactions in the testes. Endocrine Reviews 12 (1): 
741-748. 

Smit-vanDort, M.  1989.  Skin, skull and skeleton characters of mouse deer 
(mammalian, Tragulidae) with keys to the species.  Bulletin Zoologisch 
Museum 12: 89-95. 

Sokołowski, A., Bawazir, A.S., Sokołowska, E. and Wołowicz, M.  2010.  Seasonal 
variation in the reproductive activity, physiological condition and 
biochemical components of the brown mussel Perna perna from the coastal 
waters of Yemen (Gulf of Aden).  Aquatic Living Resources 23: 177-186. 

Spring-Mills, E. and Hafez, E.S.E.  1979.  Accesory glands of the male reproductive 
tract.: Ann Arbor: Ann Arbor Science Pubs. 

Strawder, N.  2004.  Tragulus javanicus (lesser mouse deer).  USA: The University 
of Michigan of Zoology. 

Sukumar, R.  2003.  The living elephants: Evolutionary ecology, behavior and 
conservation.  Oxford University Press. 



© C
OPYRIG

HT U
PM

 134

The Convention on Biological Biodiversity (http://www.cbd.int/ convention /articles 
/?a=cbd-08).  Retrieved 22 November 2010. 

Tsubota, T., Howell-Skalla L., Nitta H., Osawa Y., Mason L. I., Meiers P. G., Nelson 
R. A. and Bahr J. M.  1997.  Seasonal changes in spermatogenesis and 
testicular steroidogenesis and spermatogenesis in a northern fur seal, 
Callorhinus ursinus.  Journal of Reproduction Fertility 109: 21-27. 

Ukena, K., Kohchii, C. and Tsutsui, K.  1999.  Expression and activity of 3 beta-
hydroxysteroid dehydrogenase/delta5-delta4-isomerase in the rat Purkinje 
neuron during neonatal life.  Journal of Endocrinology 140: 805-813. 

Vale, W., Rivier, J., Vaughan, J., McClintock, R., Corrigan, A., Woo, W., Karr, D. 
and Spiess, J.  1986.  Purification and characterization of an FSH releasing 
protein from porcine ovarian follicular fluid.  Journal of Nature 321: 776-
779. 

Vale, W., Revier, C., Hsueh, A., Campen, C., Meunier, H., Bicsak, T., Vaughan, J., 
Corrigan, A. and Bardin, W.  1988.  Chemical and biological characterization 
of the inhibin family of protein hormones.  Recent Progress in Hormone 
Research  44: 1-34. 

Van Dissel-Emiliani, F.M.F., Grootenhuis, A.J., Jong, F.H. and Rooij, D.G.  1989.  
Inhibin suppresses spermatogenesis in testes of adult mice and chinese 
hamsters.  Journal of Endocrinology 125: 1899-1903. 

Vidal, S., Roman, A., Moya, L. and Kovacs, K.  2000.  Expression of 3Beta-
hydroxysteroid dehydrogenase/isomerase in the female rat pituary.  Journal 
of Endocrinology 166: 95-101 

Vidyadaran, M.K., Sharma, R.S.K., Sumita, S.,  Zulkifli, I. and Razeem-Mazlan, A.  
1999.  Male genital organs and accessory glands of the lesser mouse deer, 
Tragulus javanicus.  Journal of Mammalogy 80 (1): 199-204. 

Wasser, S.K., Monfort, S.I. and Wildt, D.E.  1991.  Rapid extraction of faecal 
steroids for measuring reproductive cyclicity and early pregnancy in free-
ranging yellow baboons, Papio cynocephalus.  Journal of Reproduction and 
Fertility 92: 415-423. 

Weizenbaum, F.A.  1979.  Serum testosterone concentrations in the pregnant rat.  
Journal of Steroid Biochemistry 10: 71-74. 



© C
OPYRIG

HT U
PM

 135

Weizenbaum, F.A., Adler, N.T. and Ganjam, V.K.  1978.  Serum testosterone 
concentrations in the pregnant rat.  Journal of Steroid Biochemistry  10: 71-
74. 

Weng, Q., Medan, M.S., Ren, L., Watanabe, G., Arai, K.Y. and Taya, K.  2005a.  
Immunolocalization of inhibin/activin subunits in the shiba goat fetal, 
neonatal, and adult testes.  Journal of Reproduction and Development 51 (4): 
521-526. 

Weng, Q., Medan, M.S., Ren, L., Watanabe, G., Tsubota, T. and Taya, K.  2005b.  
Immunolicalization of steroidogenic enzymes in the fetal, neonatal and adult 
testes of shiba goat.  Experimental Animals 54: 451-454. 

Yamada, K. and Aizawa, Y.  1983.  A Simple method for testosterone measurement 
by high performance liquid chromatography-UV spectrophotometer.  Journal 
of Pharmacological Methods 10: 167-173. 

Young, J.Z.  1981.  The life of vertebrates.  New York: Clarendon Oxford Press. 

Zhao, H.F., Labrie, C., Simard, J., de Launoit, Y., Trudel, C., Martel, C., Rheaume 
E., Dupont, E., Luu-The, V. and Pelletier, G.  1991.  Characterization of rat 3 
beta-hydrixysteroid dehydrigenase/delta 5-delta 4 isomerase cDNAs 
anddifferential tissue-specific expression of the corresponding mRNAs in 
steroidogenic and peripheral tissues.  Journal of Biological Chemistry 266: 
583-593. 

Zhao, H.F., Rheaume, E., Trudel, C., Couet, J., Labrie, F. and Simard, J.  1990.  
Structure and sexual dimorphic expression of a liver-specific rat 3 beta-
hydroxysteroid dehydrogenase/isomerase.  Journal of Endocrinology 127: 
3237-3239. 

Ziegler, T.E. and Wittwer, D.J.  2005.  Faecal steroid research in the field and 
laboratory: Improved methods for storage, transport, processing, and analysis.  
American Journal of Primatology 67: 159-174. 

 
 
 




