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ABSTRACT. This study was conducted to determine the correlation between reproductive hormones and musth in a male African elephant.
Changes in circulating luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone and immunoreactive (ir-) inhibin and
the degree of musth were evaluated for 4 years.  LH increased 4 weeks before musth began.  The highest concentrations of testosterone
and ir-inhibin were observed from April to October.  There were positive correlations among testosterone, ir-inhibin and musth behavior.
These findings suggested that the surge-like LH in the pre-musth period might stimulate secretion of testosterone and ir-inhibin and thus
initiate the musth behavior.  This study also suggested that the high LH level before musth might be a useful biomarker for the beginning
of the musth season.
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Musth is a unique phenomenon that occurs either annu-
ally or semiannually in adult male African (Loxodonta afri-
cana) [7, 16, 17] and Asian (Elephas maximus) elephants
[5,11].  During musth, male elephants have elevated levels
of androgens, especially androstenedione and testosterone
[1, 6, 7, 10, 15, 18, 20, 21, 24].  Musth bulls were reported
to have elevated levels of luteinizing hormone (LH) in both
African [1] and Asian [15] species.  Secretory patterns of
follicle stimulating hormone (FSH) and immunoreactive
(ir-) inhibin in male elephants have never been reported
before.  In captivity, both African and Asian bulls in musth
exhibit aggression towards their mahouts or handlers [5, 10,
20], which is extremely dangerous for zoo staff, veterinari-
ans and researchers who manage breeding programs.  Thus,
our understanding of markers for prediction of musth needs
to be improved.  The objective of this study was to investi-
gate secretion of reproductive hormones associated with
musth characteristics in a male African elephant in Japan.

A male African elephant named “Tamao” (Fig. 1A) was
studied for 4 years, from 33 to 37 years of age.  It was
housed at the Tama Zoological Park, Hino City, Tokyo,
Japan, together with 4 female African elephants.  All ele-
phants were housed outside during the daytime (0900 hr–
1600 hr) and inside the building at night throughout the
year.  Blood samples were collected weekly between 0800
hr and 0900 hr from an ear vein without anesthesia.  The
samples were centrifuged, and sera were stored at –20C

until hormonal analysis.  The concentrations of LH [2], ir-
inhibin [9], testosterone [22] and FSH [23] were determined
by double-antibody radioimmunoassay (RIA) systems.

The appearance of characteristic behavioral and physical
changes was recorded daily during the 4-year period.  The
bull elephant was classified as being in musth when one or a
combination of the following behavior and/or physical
changes were continuously (for more than 3 days per week)
observed: increased aggressive behavior, temporal gland
secretion (TGS; Fig. 1B) and urine dribbling (UD; Fig. 1B)
as described previously [3].  Since TGS can occur in African
bulls under stress or social excitation, TGS was considered
as an indicator of musth only if it occurred with or was
closely followed by UD [28].  TGS and UD are generally
agreed for determining musth in African bulls [8, 16, 17,
24].  The degrees of TGS and UD were evaluated at the time
of blood sampling.  TGS and UD were scored from 0 to 3.
Regarding the TGS scores, a score of 0 indicated that the
temporal glands started swelling or not, without TGS; a
score of 1 indicated that the temporal glands became more
swollen and TGS slightly leaked from glands; a score of 2
indicated that TGS was moderately secreted from glands
which was easy to see from a distance; and a score of 3 indi-
cated that TGS was heavily secreted from glands.  Regard-
ing the UD scores, a score of 0 indicated normal urination; a
score of 1 indicated urine came out with some stimulation
(such as during eating or mounting with female elephants)
and a TGS score of 0; a score of 2 indicated urine came out
without any stimulation and a TGS score of 1; and a score of
3 indicated intermittent urination and a TGS score of either
2 or 3.  Both scores were accumulated, with a maximum
total score of 6, in order to determine the relationships with

* CORRESPONDENCE TO: TAYA, K., Laboratory of Veterinary Physiol-
ogy, Department of Veterinary Medicine, Faculty of Agriculture,
Tokyo University of Agriculture and Technology, 3–5–8 Saiwai-
cho, Fuchu, Tokyo 183–8509, Japan.

   e-mail: taya@cc.tuat.ac.jp



S. KAEWMANEE ET AL.380
reproductive hormones.  Musth episodes were defined as
non-musth, pre-musth and musth by the presence of fresh
TGS and UD as previously described [19].  Briefly, pre-
musth was designated as 6 weeks prior to the beginning of
musth; TGS was not observed, and the UD score was either
0 or 1.  Musth was designated as the period characterized by
a musth score varying from 3 to 6 and an elevated serum tes-
tosterone level (>20 ng/ml).  Non-musth was the period
from the end of musth to the beginning of pre-musth of the
following year.

All data were presented as means  standard errors of the
mean (SEM).  One-way analysis of variance (ANOVA) and
Bonferroni’s Multiple Comparison Test were used to com-
pare the means of each hormone during different stages of
musth (non-musth, pre-musth and musth periods).  P values
of less than 0.05 were considered to be statistically signifi-
cant.  Mean, SEM and Spearman correlation coefficients
were calculated to test the relationships between all hor-
mones and the musth score.  All statistical analyses were
performed by using the statistical analysis software (SPSS

18.0, SPSS Inc., Chicago, IL, U.S.A.).
The present study clearly demonstrated that the bull

exhibited regular yearly musth cycles, which occurred from
April to October, lasting 8.1 1.7 months in duration (Fig.
2E).  The present study also showed clear annual changes of
circulating LH (Fig. 2A), testosterone (Fig. 2C) and ir-
inhibin (Fig. 2D).  The serum concentrations of LH signifi-
cantly increased at about 4 weeks before musth began and
were maintained at high levels for 5 weeks followed by a
significantly decrease to the baseline level when musth
behavior was observed (Fig. 2A).  There was a significant
difference in the levels of LH measured during the non-
musth, pre-musth and musth stages.  LH showed the highest
concentration during the pre-musth stage, and the LH con-
centration in the musth stage was significantly higher than
that in the non-musth stage (Fig. 3A).  The patterns of FSH
change followed those of LH throughout the year, although
the change was not as clear as that of LH (Fig. 2B).  FSH
also showed the highest concentration during the pre-musth
stage, and the FSH concentration in the musth was signifi-
cantly higher than that in the non-musth stage (Fig. 3B).
There was a significantly positive correlation between LH
and FSH throughout the period of study (r2=0.64, P<0.05).
Testosterone correlated well with ir-inhibin (r2=0.62,
P<0.01) throughout the year.  There was no significant dif-
ference in the levels of testosterone measured during the
non-musth and pre-musth stages.  The serum concentration
of testosterone during the musth stage was significantly
higher than that during the non-musth and pre-musth stages
(Fig. 3C).  The level of circulating ir-inhibin during the pre-
musth stage was significantly higher than that during the
non-musth stage, and the highest concentration was
observed during the musth stage (Fig. 3D).

The present study clearly demonstrated a unique phenom-
enon in a male African elephant in Japan.  The remarkable
increase in LH has not been reported previously.  Changes
in circulating FSH were not as clear as for LH.  This aug-
mented LH secretion may be induced by excitation of gona-
dotropin-releasing hormone neurons by environmental cues
and other unknown factors.  A significant increase in LH
and FSH concentrations during the pre-musth stage might
be a prerequisite factor for the beginning of musth.  These
high levels of LH and FSH during pre-musth might stimu-
late extremely high testosterone and inhibin secretions from
the testes, respectively.  These extremely high levels of tes-
tosterone and inhibin inhibit LH and FSH during the musth
period.  The levels of both gonadotropins decreased mark-
edly from the pre-musth stage, even though both hormone
levels were still significantly higher than the levels during
the non-musth period.  Musth occurrence can be random,
with many elephants exhibiting multiple episodes per year
[3], and more predictable annual characteristics [4, 8, 11,
13] in both male Asian and African elephants.  The well-
established association between high testosterone secretion
and musth was confirmed in previous studies [6, 8, 10, 15,
19–21, 24].  The secretory pattern of inhibin in male ele-
phants has never been reported before.  The current study

Fig. 1. Pictures of a 37-year African elephant named “Tamao”
housed at the Tama Zoological Park, Hino City, Tokyo, Japan,
showing different stages of non-musth [A] and musth [B]. Dur-
ing musth, the bull showed some discharge from the temporal
gland behind the eye (white circle) and urine dribbling (red
circle). Noticed the bull’s right hind limb was largely filled with
urine.
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confirmed that the changes of testosterone might stimulate
the onset of musth and that the intensity of musth is related
to its titer.  Inhibin is the major endocrine product of Sertoli

cells, whereas Leydig cells can also secrete inhibin such as
in hamsters [12] and stallions [16].

In conclusion, the present study suggests that the marked

Fig. 2. Serum concentrations of LH [A], FSH [B], testosterone [C] and ir-inhibin
[D] together with musth scores [E] during the 4-year study period.
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increase in secretion of LH from pituitary gonadotrophs
before musth possibly stimulates testicular secretion of test-
osterone and ir-inhibin in an African elephant.  These
findings also suggests that the surge-like increase in
circulating LH before musth may be a useful biomarker of
the beginning of the musth season in male elephants.

ACKNOWLEDGMENTS.  We are grateful to Dr. A. F.
Parlow (National Hormone and Peptide Program, Harbor-
UCLA Medical Center, Torrance, CA, U.S.A.) for
providing RIA materials for ovine FSH and LH; Dr. G.D.
Niswender, (Animal Reproduction and Biotechnology Lab-
oratory, Colorado State University, Fort Collins, CO,
U.S.A.) for providing antisera to testosterone (GDN250);
and Dr. J. F. Roser (University of California, Davis, CA,
U.S.A.) for the LH antisera.

REFERENCES

  1. Brannian, J. D., GriYn, F. and Terranova, P. F. 1989. Urinary
androstenedione and luteinaizing hormone concentrations dur-
ing musth in a mature African elephant. Zoo Biol. 8: 165–170.

  2. Brown, J. L., Schmitt, D. L., Bellem, A., Graham, L. H. and
Lehnhardt, J. 1999. Hormone secretion in the Asian elephant
(Elephas maximus): characterization of ovulatory and anovula-
tory luteinizing hormone surges. Biol. Reprod. 61: 1294–1299.

  3. Brown, J. L., Somerville, M., Riddle, H. S., Keele, M., Duer,
C. K. and Freeman, E. W. 2007. Comparative endocrinology of
testicular, adrenal and thyroid function in captive Asian and
African elephant bulls. Gen. Comp. Endocrinol. 151: 153–162.

  4. Cooper, K. A., Harder, J. D., Clawson, D. H., Frederick, D. L.,
Lodge, G. A., Peachey, H. C., Spellmire, T. J. and Winstel, D.
P. 1990. Serum testosterone and musth in captive male African
and Asian elephants. Zoo Biol. 9: 297–306.

  5. Eisenberg, J. F., McKay, G. M. and Jainudeen, M. R. 1971.
Reproductive behavior of the Asiatic elephant (Elephas maxi-
mus maximus L.). Behaviour 38: 193–225.

  6. Ganswindt, A., Heistermann, M., Borragan, S. and Hodges, J.
K. 2002. Assessment of testicular endocrine function in captive
African elephants by measurement of urinary and fecal andro-
gens. Zoo Biol. 21: 27–36.

  7. Hall-Martin, A. J. 1987. Role of musth in the reproductive
strategy of the African elephant (Loxodonta africana). S. Afr. J.
Sci. 83: 616–620.

  8. Hall-Martin, A. J. and Van DerWalt, L. A. 1984. Plasma test-
osterone levels in relation to musth in the male African ele-
phant. Koedoe 27: 147–149.

  9. Hamada, T., Watanabe, G., Kokuho, T., Taya, K., Sasamoto,
S., Hasegawa, Y., Miyamoto, K. and Igarashi, M. 1989. Radio-
immunoassay of inhibin in various mammals. J. Endocrinol.
122: 697–704.

10. Jainudeen, M. R., McKay, G. M. and Eisenberg, J. F. 1972a.
Observations on musth in the domesticated Asiatic elephant
(Elephas maximus). Mammalia 36: 247–261.

11. Jainudeen, M. R., Katongole, C. B. and Short, R. V. 1972b.
Plasma testosterone levels in relation to musth and sexual
activity in the male Asiatic elephant, Elephas maximus. J.
Reprod. Fertil. 29: 99–103.

12. Jin, W. Z., Wada, S., Arai, K. Y., Kishi, H., Herath, C. B.,
Watanabe, G., Suzuki, A. K., Groome, N. P. and Taya, K.
2001. Testicular secretion of inhibin in the male golden ham-
ster (Mesocricetus auratus). J. Androl. 22: 207–211.

13. Lincoln, G. A. and Ratnasooriya, W. D. 1996. Testosterone
secretion, musth behavior and social dominance in captive
male Asian elephants living near the equator. J. Reprod. Fertil.
108: 107–113.

14. Nagata, S., Miyake, Y. I., Nambo, Y., Nagamine, N.,
Watanabe, G., Tsunoda, N., Taniyama, H., Hondo, E.,
Yamada, H. and Taya, K. 1998. Inhibin secretion in the stal-

Fig. 3. Mean serum concentrations of LH [A], FSH [B], test-
osterone [C] and ir-inhibin [D] during the non-musth (n=59),
the pre-musth (n=24) and musth (n=125) periods. Results are
expressed as means  SEM. Data points with different
superscripts (a, b, c) are significantly different (P<0.05) by
Bonferroni’s Multiple Comparison Test.



383MUSTH IN AN AFRICAN BULL ELEPHANT
lion. Equine Vet. J. 30, 98–103.
15. Niemuller, C. A. and Liptrap, R. M. 1991. Altered andiostene-

dione to testosterone ratios and LH concentrations during
musth in the captive male Asian elephant (Elephas maximus).
J. Reprod. Fertil. 91: 139–146.

16. Poole, J. H. 1987. Rutting behaviour in African elephants: the
phenomenon of musth. Behaviour 102: 283–316.

17. Poole, J. H. and Moss, C. J. 1981. Musth in the African ele-
phant, Loxodonta africana. Nature 292: 830–831.

18. Rasmussen, L. E., Buss, I. O., Hess, D. L. and Schmidt, M. J.
1984. Testosterone and dihydrotestosterone concentrations in
elephant serum and temporal gland secretions. Biol. Reprod.
30: 352–362.

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

20. Rasmussen, L. E. and Perrin, T. E. 1999. Physiological corre-
lates of musth: lipid metabolites and chemical composition of
exudates. Physiol. Behav. 67: 539–549.

21. Schwarzenberger, F., Pucher, H. E., Stremme, C., Holzmann,
A., Tu, N. C. and Ly, C. T. 2001. Endocrinological studies in
semi-wild ranging male Asian elephants (Elephas maximus) in
Vietnam: correlation to musthand spermatological parameters.
Verh. ber. Erkrg. Zootiere 40: 135–139.

22. Taya, K., Watanabe, G. and Sasamoto, S. 1985. Radioimmu-
noassay for progesterone, testosterone and estradiol- 17 using
125I-iodohistamine radioligands. Jpn. J. Anim. Reprod. 31:
186–197.

23. Watanabe, G., Nozaki, M., Taya, K., Katakai, Y. and
Sasamoto, S. 1990. Immunoreactive inhibin levels in periph-
eral blood during the breeding season in the female Japanese
monkey. Biol. Reprod. 43: 196–201.

24. Yon, L., Kanchanapangka, S., Chaiyabuts, N., Meepan, S.,
Stanczyk, Z. F., Dahl, N. and Lasley, B. 2007. A longitudinal
study of LH, gonadal and adrenal steroids in four intact Asian
bull elephants (Elephas maximus) and one castrate African bull
(Loxodonta africana) during musth and non-musth periods.
Gen. Comp. Endocrinol. 151: 241–245.


