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Abstract-l. Antler cycles of six adult male axis deer of southern Texas were relatively well synchronized 
within the herd. The old antlers were cast from December to March and regenerated antlers polished 
between March and June. The rutting season occurred in June and July. 

2. LH and FSH exhibited little seasonal variation (LH 0.7-1.3 ng/ml; FSH 3245 ng/ml). Prolactin 
levels were lowest in December (20 ng/ml) and highest in June (115 ng/ml). Testosterone concentrations 
exhibited a distinct seasonal pattern: minimum in December (0.1 ng/ml) and maximum in May 
(1.75 ng/ml). 

3. After GnRH challenge (100 pg given i.m. in November), maximal LH levels (reached 40-60 min after 
injection), varied from 7.7 to 11.2 ng/ml, and T levels varied from 1.3 to 1.6 ng/ml. 

4. Twenty I.U. of ACTH (given in March), elevated cortisol levels from 4-8 pg/dl (pretreatment) to 
16-21 pg/dl (140 min post-administration). 

INTRODUCTION 

The seasonal variability of reproductive hormones 
in boreal deer species correlates with the antler 
cycle (Lincoln, 1985; Bubenik, 1986). On the other 
hand the antler cycle of tropical deer species, such 
as the rusa deer (Cervus rusa timorensis), axis deer 
(Axis axis), or muntjack (Muntiucus muntjac) 
appears to be aseasonal in most of their native habitat 
(Morris, 1935; Van Bemmel, 1952; Asdell, 1964), but 
populations transplanted into temperate regions 
may remain aseasonal (Mohr, 1932; Loudon and 
Curlewis, 1988) or exhibit seasonality with relatively 
good synchronization of the antler cycle (Ables, 1977; 
van Mourik and Stelmasiak, 1990; Chapman and 
Harris-personal communication). In order to eluci- 
date the relationship between antler cycles and repro- 
duction, seasonal levels of LH, FSH, testosterone 
(T) and prolactin (PRL) as well as LH and T after 
GnRH administration were investigated in adult 
male axis deer in southern Texas. In addition, to 
investigate the readiness of the pituitary-adrenal axis 
to respond to simulated stress, an ACTH challenge 
test was applied to three bucks. 

MATERIALS AND METHODS 

Animals and sampling procedures 

Seven male axis deer (Axis axis) ranging in age from 1 to 
4 years were obtained from an exotic animal farm located 
40 km north of San Antonio, Texas and then transferred 
300 km south to Kingsville, Texas (latitude 27: 3 N). The 
animals were fed pelleted, standard deer ration sup- 
plemented by fresh sorghum plants and branches of decid- 
uous trees. Between November and June all bucks were 
immobilized monthly (0800-0900 hr) by a 1: 1 mixture of 
Rompun (xylazine hydrochloride) and Ketaset (ketamine 

hydrochloride) (2-3 mg/kg, combined dose). After achieving 
sufficient sedation, three samples were collected 10 min 
apart from the jugular vein into pre-heparinized tubes. 
Blood was kept on ice until it was centrifuged (usually 
within I hr); plasma was then separated and frozen for later 
assays. Unfortunately we were not able to complete the 
entire year cycle because of the loss of two bucks during 
the summer heat. 

At the end of November of the following year, three 
adults males (A, B and C), from the previous study 
were similarly immobilized and a Teflon coated catheter 
(Cathlon, Criticon Corp., Markham, Ontario, Canada) was 
inserted into the jugular vein for serial sampling. After three 
samples (20 ml each) were taken 10 min apart, 100 pg of 
GnRH (Hoechst Co., F.R.G.) was injected i.m.; seven more 
samples then followed, taken 30 min apart. 

The following March these bucks were immobilized again 
and cannulated. After three samples were taken IOmin 
apart, 201.U. of porcine ACTH (ACTHAR, Armour 
Pharm. Co. U.S.A.) was injected i.m. Three more samples 
were then withdrawn 10min apart, three others 20min 
apart, and the last three samples 30 min apart. 

Radioimmunoassays 

LH was determined by a homologous bovine assay with 
no crossreactivity to other pituitary hormones. The sensi- 
tivity was 0.5 ng/tube; intra-assay coefficient of variation 
(CV) averaged- 8.6%, and interassay variation was 
11.5-19%. FSH was determined bv a svstem where oure 
ovine FSH was used for labelling, aid the-antiserum against 
ovine FSH was produced in guinea pigs. The sensitivity was 
5 ng/tube, intra-assay CV was 7.5%, and interassay CV was 
12-18%. Prolactin was determined by a homologous bovine 
assay. The antiserum produced in rabbits showed no cross- 
reactivity to other pituitary hormones. The sensitivity was 
0.05 ng/tube, intra-assay CV was 8.4% and the interassay 
CV was 14%. Testosterone was determined by a highly 
specific assay. The sensitivity was 50 pg/ml. The interassay 
CV was 7.5-12%. Cortisol levels were measured by a highly 
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specific radioimmunoassay (RIA 
Canada). The sensitivity was 0. 

Inc. Scarboro, Ontario, could be compared with the corresponding phases of their 
5 #g/dl. Intra-assay and 

interassay CVs were lessihan 10%. DetaiIs of all RIA were 
individual antler cycles. Response curves were constructed 
from individual values of experiments utilizing GnRH and 

described previously (Bubenik er al. 1983; Smith and ACTH. 
Bubenik, 1990). 

Statistical analvsis 

In the seasonal study, the monthly means were evaluated 
Antler length was measured with flexible tape, and frontal by analysis of variance (ANOVA). The significance of 

and lateral photographs were taken of each deer. month factors was then assessed by a two-tailed Student’s 

Et~aluation 
test. The significance of P < 0.05 was accepted. 

The mean of three consecutive samples was used for each 
month to construct individual curves of seasonal fluctu- RESULTS 

ations of LH, FSH, PRL and T. A standard error was then 
calculated for each monthly group. As two of our bucks 

Seasonal levels 

polished antlers 1 month ahead of the others, it was decided The levels of LH and FSH did not exhibit signifi- 

to shift their hormone and antler curves ahead for analysis cant variation (P > 0.05) throughout the 8 month 
purposes. Thus constructiveIy ho~onal levels of all animals sampling period (Fig. I). On the other hand PRL and 
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Fig. 1. Seasonal plasma levels of FSH, PRL, LH and T in adult male axis deer. N = 6 from December 
to March, five from April to May and two in June. Vertical bars indicate standard errors. 
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T exhibited a distinct seasonal variation. PRL levels 
in Nov, Dee, Feb, and April were lower than values 
in June and July. The June levels were higher than 
other months except March, May and July. Testos- 
terone exhibited the most consistent seasonal fluctu- 
ation. Peak T levels in May were higher (P < 0.05) 
than any other month but April and June. Concen- 
trations of T in Nov and Dee were significantly lower 
than values in May, June and July. 

Antler cycle (actual, non -shifted) 

The antlers were cast from the end of December to 
the beginning of March. New antlers, which started 
to grow almost immediately after casting, were pol- 
ished between March and June. The rutting season 
occurred in June and July. 

GnRH test 

GnRH increased plasma levels of both LH and T, 
however, as expected the response differed between 
individuals (Fig. 2). The relative elevation of LH was 
lower in the youngest individual (C), and his T levels 
remained virtually unchanged after GnRH adminis- 
tration. 

ACTH test 

Cortisol levels increased in all three bucks after 
ACTH injection (Fig. 3). Again, the relative elevation 
was lower in the youngest buck (C) in which pre- 
treatment cortisol levels were much higher than in the 
other two, more mature bucks. 

DISCUSSION 

Seasonal cycles 

Reproduction in cervids of boreal and temperate 
regions is adjusted to coincide with the seasonal 
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fluctuation of climatic conditions and food resources 
(Bubenik, 1984; Lincoln, 1985; Bubenik, 1986). The 
further north the deer populations, the more concise 
the peak of the rut and the corresponding peak of the 
fawning period (Bubenik et al., 1990). In contrast, 
in tropical areas, cervids are not under the restraint 
of cold, and the only factor affecting the timing 
of reproduction is the availability of food which is 
often determined by the local climatic factors, such 
as the timing of the rainy period. Therefore, deer 
populations of the same species residing on the same 
latitude may differ considerably in the timing of 
their reproductive cycles (Stuwe, 1985; Blouch, 1987; 
Fraser-Stewart, 1985; Mackenzie, 1985). 

The synchronization of reproductive periods 
within the herd of tropical cervids observed either 
inthe northern limits of their range (Asdell, 1964; 
Mishra, 1982) or in populations transplanted to 
temperature regions (Chaplin, 1972; Chapman and 
Harris, personal communication) is most probably 
not photoperiodically-dependant. Tropical deer popu- 
lations transplanted across several latitudes have 
often kept the breeding cycle of their previous 
locations (Mohr, 1918; Van Bemmel, 1949; 
Mackenzie, 1985). On the other hand, deer of boreal 
species moved across equator adjusted to the new 
photoperiodicity within several months (Otway, 
1985). Indirect evidence for photoperiodic insensi- 
tivity of tropical deer resulted from a study utilizing 
melatonin. Male axis deer from the population 
kept in southern England did not respond to the 
melatonin treatment (Loudon and Curlewis, 1988) 
which in photoperiodically-dependant cervids [such 
as white-tailed deer (Odocoileus t~irginianus) or red 
deer (Cerzjus elaphus)] will quickly alter seasonahty of 
pelage change and reproduction (Bubenik, 1983; 
Lincoln et al., 1984). 
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Fig. 2. Plasma levels of LH and T in three adult axis bucks injected i.m. with 100 pg of GnRH at the 
time indicated by the arrow. 
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Fig. 3. Plasma levels of cortisol in three adult male axis deer afater i.m. administration of 20 1.U. of ACTH 
given at the time indicated by the arrow. 

Any reproductive synchronization within the herd 
of tropical deer may occur because of the natural 
selection of individuals whose endogenous cycles best 
fit to local climatic conditions. Fawns born during the 
dry season would perish and so prevent a continu- 
ation of a genetic line unsuited for the local climatic 
environment. Therefore in cervids of tropical regions 
the fawning period is usually found at the beginning 
of the wet season, regardless of the latitude (Van 
Bemmel, 1952; Branan and Marchington, 1987). 

The lack of synchronization in the reproductive 
cycles within the herd of axis deer in the Hamburg 
Zoo (Mohr, 1932), London Zoo (Asdell, 1964) or 
Whipsnade Park, England (Loudon and Curlewis. 
1988) and muntjac populations in the London Zoo 
(Asdell, 1964) or in the wild in southern England 
(Dansie, 1983) may be due to the mixed origin of their 
stock obtained from various regions of India. On 
the other hand axis deer and muntjack populations 
which are synchronized (Chaplin, 1972; Ables, 1977; 
Dansie, 1983; Chapman and Harris-persona1 com- 
munication) may be more homogeneous in their 
origin or they may have developed their synchroniz- 
ation by a selection due to a climatic pressure. 

The lack of seasonal variation in levels of gonado- 
tropins in this study (Fig. 1) is not surprising. Even 
in strictly seasonal boreal cervids, the mean levels of 
LH and FSH varies much less throughout the year 
than concentrations of T or PRL (Schams et al., 1986; 
Bubenik, 1986; Sempere, 1990). The maintenance 
of spermatogenesis and the progress of the rutting 
season is correlated less well with the gonadotropin 
levels than with concentrations of T (&hams et al., 
1986; Bubenik et al., 1986; Sempere, 1990). Gener- 
ally, LH and FSH levels in our axis deer were 
comparable only to low seasonal levels of short-day 
breeding boreal cervids, such as the white-tailed 
deer (Mirarchi et al., 1978; Bubenik et (II., 1982); or 
red deer (Lincoln and Kay, 1979) but were close to 
mean seasonal levels found in the long-day breeding 
roe-deer (Cupreolus cupreolus) (Schams et al., 1986; 
Sempere, 1990). 

Prolactin concentrations exhibited a seasonal vari- 
ation comparable with the pattern observed in other 
cervids, tropical (van Mourik and Stelmasiak, 1990) 

or boreal (Mirarchi et al., 1978; Suttie et al., 1984; 
Bubenik et al., 1985; Sempere, 1990). Peak levels 
were observed during the longest days of the year 
(June), and trough values were detected in December 
(Fig. 1). As the peak concentrations of PRL in axis 
deer found in this study were comparable with peak 
levels of boreal cervids (Mirarchi, 1978 Suttie, 1984: 
Sempere, 1990), the minimal levels were at least 
20 times higher than those in the boreal deer 
(0.1-1.0 ng/ml) and 4 times higher than 5 ng/ml 
detected in the rusa deer (Cervus rum timorensis) 
farmed in southern Australia (van Mourik and 
Stelmasiak, 1990). Perhaps it is the relatively high 
PRL minimum which renders the seasonal PRL 
oscillation insufficient as a photoperiodic cue. 

Testosterone concentrations exhibited the most 
pronounced variation, which correlated well with 
the antler cycle and the timing of the rut (Fig. I). 
However, the large standard errors in almost all 
months indicate that there is still a considerable 
variation between individuals. 

The relationship of T to PRL levels is typical for 
the long-day breeder (Schams et al., 1986; Sempere, 
1990; van Mourik and Stelmasiak, 1990). It would 
be interesting to investigate whether blockade of PRL 
by bromocriptine would cause a shift in the timing of 
T peak in axis deer as was observed in the roe-deer 
(Schams et al., 1986; Sempere, 1990). 

GnRH test 

Gonadotropin Releasing Hormone has been 
routinely utilized in testing and treatment of human 
pituitary-gonadal axis (Hodgen, 1983). Recently it 
has been used as a diagnostic tool for determination 
of reproductive potential in sheep (Haley et al., 1989) 
and white-tailed deer (Bubenik et al., 1987). In the 
red deer GnRH has been used for the testing of the 
gonadal axis during the individual phases of the 
antler cycle (Suttie et al., 1984). 

The results of this study indicate that the response 
to GnRH in axis deer is very similar to findings in red 
deer or white-tailed deer (Suttie et al., 1984; Bubenik 
et al., 1987) not only in terms of time course of 
elevation but in terms of the relative and absolute 
increase as well (Fig. 2). 
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ACTH test 

In mammals, injection of ACTH induces secretion 
of glucocorticoids from the adrenal cortex. The sensi- 
tivity to ACTH varies between deer species; maxi- 
mum cortisol secretion was elicited by 6 I.U. in rusa 
(van Mourik and Stelmasiak, 1984), by 20 I.U. in roe 
deer (Sempere and Bubenik, unpublished) and by the 
20-40 I.U. in white-tailed deer (Smith and Bubenik, 
1990). 

In this study 20 I.U. elicited a response in axis deer 
which lasted longer than the 3 hr of our experiment. 
Judging by the time course of the cortisol elevation 
it appears that the dose elicited a maximal response. 
However without testing various doses we cannot 
say this with absolute certainty. The peak levels of 
cortisol were in the range similar to those observed in 
white-tailed deer after 20 I.U. of ACTH (Smith and 
Bubenik, 1990). 

The youngest buck ‘exhibited the highest pre- 
administration values of cortisol but also achieved 
the highest post-treatment cortisol levels (Fig. 3). 
This indicates a higher level of excitability of this 
buck. The relatively low pre-treatment levels in the 
two older deer suggest that these deer were well 
adjusted to captivity. 
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