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HAEMATOLOGY AND SERUM BIOCHEMISTRY OF
CAPTIVE UNSEDATED CHITAL DEER
(AXIS AXIS) IN AUSTRALIA

R. S. Chapple, A. W. English, R. C. Mulley, and E. E. Lepherd

Department of Animal Health, The University of Sydney, Private Mailbag 3,
Camden, New South Wales 2570, Australia

ABSTRACT: Haematological and serum biochemical values were measured in blood samples col-
lected over a 12-mo period from 37 unsedated chital deer (Axis axis). Stags and hinds, ranging
in age from birth to maturity, were sampled. Haemoglobin, total erythrocyte and haematocrit
values were low at birth and sex differences were not apparent in neonates and juveniles, but were
in adults. Chital stags had higher erythrocyte parameters (P < 0.001) and lower erythrocyte indices
than hinds, and the total leucocyte count was higher in stags (P < 0.01). Some parameters
(erythrocytes, muscle enzymes, glucose, cortisol) decreased over successive serial sampling. The
differential leucocyte count of older stags decreased during the initial handling period. The major
rutting period in February and March was characterised by changes in the differential leucocyte
count, elevations in serum muscle enzymes, and lower serum cortisol levels. Alkaline phosphatase
activity in serum reflected the annual antler cycle of chital stags. Serial sampling over many weeks,
either weekly or tri-weekly, produced haematological and biochemical changes in successive
samples which may have reflected a reduction in stress and excitement associated with restraint.

Key words: Chital deer, Axis axis, haematology, serum biochemistry, adaptation to handling,

captive study.

INTRODUCTION

The farming of chital deer in Australia
has created a need for haematological and
serum biochemical reference data. The
only published values are for haematology
of single blood samples from 41 chital deer
in zoological gardens in India (Naik et al.,
1964), England (Hawkey, 1975; Hawkey
and Hart, 1985) and California (Karesh et
al., 1986) and there is no available data on
serum biochemistry. The populations of
chital deer sampled in those studies may
not be representative of the population of
chital deer in Australia and their data do
not distinguish between the sexes. Fur-
thermore, blood samples were collected
from deer unaccustomed to restraint and
handling. Excitement and stress during re-
straint have been found to affect haema-
tological values in many species of deer
(Presidente, 1979; Wesson et al., 1979;
Mautz et al., 1980; Rehbinder and Edquist,
1981; Wilson and Pauli, 1982). Frequent
handling of animals permits adaptation to
restraint for blood sampling and associated
haematological changes have been report-
ed in cattle (Gartner et al., 1969) and wild
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bighorn sheep (Franzmann and Thorne,
1970). Chemical restraint was used by
Hawkey (1975) and Hawkey and Hart
(1985) during blood sampling from chital
and this form of restraint has been shown
to depress some blood parameters in cer-
vids, when compared with the unsedated
state (Seal et al., 1972a; Presidente et al.,
1973; Wesson et al., 1979; Kocan et al.,
1981).

The aim of the present study was to
assess the affects of restraint and handling
of unsedated chital deer on haematological
and serum biochemical values. The sam-
ples were collected over a 12 mo period
from stags and hinds, aged from birth to
maturity.

MATERIALS AND METHODS
Animals

Blood samples were collected from 10 hinds,
at least 2-yr-old, on alternate days, three times
a week for 7 wk in 1987 and for 6 wk in 1988,
in February and March (only nine hinds were
sampled in 1988 due to one death). These hinds
were joined with a stag at the end of March
1987, and 3 mo later were sampled weekly for
3 wk. Blood from one 18-mo and one 2-yr-old
chital stag was collected fortnightly for 3 mo
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TABLE 1. Haematology values expressed as means (SD) of chital deer from birth to maturity.
Hb RBC WBC HCT MCV MCH MCHC
Group g/L x10'%/L x10°/L L/L fl Pg g/L
Hinds 144.6* 11.64* 3.92+ 0.39* 33.68* 12.47+ 368
n =10 (6.6) (0.72) (0.44) (0.02) (2.58) (0.91) (7)
Pregnant hinds 164.3° 13.28 4.87° 0.47> 35.45° 12.43* 351°
n=10 (5.3) (0.80) (1.08)) (0.01) (2.61) (0.88) (7)
Juvenile hind 164.8° 14.25¢ 4.30> 0.46%> 30.85* 11.47 358°
n=1
Stags 165.4% 14.27¢ 4.4]1°¢ 0.46¢ 31.97¢ 11.62 363+
n=17 (6.5) (0.34) (0.44) (0.01) (1.46) (0.64) (15)
Juvenile stag 171.2¢ 16.48¢ 4.52% 0.46> 27.70¢ 10.38¢ 374+
n=1
Neonates 109.0¢ 10.22¢ 8.40¢ 0.34¢ 33.15* 10.94% 327¢
n=_§8 (11.3) (1.60) (2.60) (0.04) (4.60) (1.40) 9)
sbede: Means with the same superscript did not differ significantly at the 5% level.
and then weekly for 9 mo, from May 1986 to Blood collection and analysis

May 1987. Another 18-mo-old stag died after 6
mo of sampling, and a fourth stag was sampled
only occasionally due to handling difficulty.
Three stags aged 5, 11 and 13 mo were included
during the last 6 mo of weekly blood sampling.
A hand-reared hind was sampled monthly from
7 to 10 mo of age and a hand-reared stag was
sampled six times when 13- to 18-mo-old. Serum
was collected for biochemical assay from a sep-
arate population of 10 stags ranging in age from
1- to 2-yr, at a nearby abattoir. Single blood
samples were also taken from eight neonates
(five females and three males) when they were
caught for weighing and ear-tagging at 1- to
2-days-old.

Animal handling

Prior to the period of handling of animals in
a cradle designed for restraint and collection of
blood samples, “training” and “acclimatisation”
to yarding by routine movement of the deer, as
described by Harthoorn (1979, 1981a, b), was
carried out on several occasions. Each animal
was regarded as “untrained” for the first 3 to 4
wk (hinds) and 7 to 8 wk (stags) of handling and
sampling in the restraint cradle, but thereafter
were regarded as “trained.” Hinds were bled
from 0700-0800 hours, and stags from 0900-
1100 hours. The deer were run a few hundred
metres from their paddock into yards imme-
diately prior to bleeding, and restrained in a
drop-floor cradle for no more than 2 min. The
time elapsed from yarding to release after blood
collection was <1 hr for each group of animals.
One stag was sampled only four times due to
handling difficulty. The neonates were sampled

while held in the paddock.
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Blood was collected with an 18-ga needle by
jugular venipuncture, using the Vacutainer blood
collection system (Becton, Dickinson and Co.,
Rutherford, New Jersey 07070, USA). The sam-
ples were collected into a plain tube for serum
and EDTA tube for haematology. Blood samples
were centrifuged within 2 hr of collection, and
serum harvested for biochemical analysis. Se-
rum fractions were stored at —20 C until used
for cortisol analysis. Samples for haematology
were refrigerated and analysis was completed
within 36 hr. Standard manual haematological
techniques were used, with the exception of to-
tal cell counts, which were measured on a coul-
ter ZBi counter (Coulter Electronics, Dunstable
LU63HT, England). Settings for RBC were
Aperature Current Setting (ACS) 0.177, Am-
plitude (AMP) 1/8 and Threshold Level (TL)
10. White blood cell settings were ACS 0.25,
AMP 1/2 and TL 12.5. A 100 um diameter
orifice tube was used throughout. Biochemical
profiles were compiled by the use of a Tech-
nicon SMA 12/60 autoanalyser (Technicon,
Sydney, 2113, Australia) calibrated using com-
mercial standards (American Dade, Miami,
Florida 33152, USA). Electrophoretic patterns
were determined with cellulose acetate strips
using the Gelman sepratek system (Gelman
Clemco, Sydney, 2064, Australia) and scanned
on a Gelman R scanner and recorder for levels
of albumin, globulins and albumin to globulin
ratios (A:G). Total plasma protein was measured
on an American Optics refractometer (Ameri-
can Optics, Buffalo, New York 14215, USA).

Cortisol assay

Total cortisol was measured in 25 ul of serum
using an ('*I) radioimmunoassay kit (Diagnostic
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TABLE 2. Differential leucocyte counts expressed as £ (SD) of chital deer from birth to maturity.

Leucocytes (absolute)

Neutrophils
Banded Segmented Lymphocytes Monocytes Eosinophils Basophils
Hinds 0.028 1.673: 1.946* 0.136 0.181 0.003
n=10 (0.037) (0.335) (0.377) (0.060) (0.086) (0.008)
Pregnant hinds 0.002 1.766 2.741° 0.168 0.162 0.001
n =10 (0.009) (0.265) (0.307) (0.073) (0.109) (0.008)
Juvenile hind 0.000 1.780* 2.252+ 0.117+ 0.134 0.000
n=1
Stags 0.005 1.738* 2.385* 0.085" 0.127 0.001
n=17 (0.023) (0.548) (0.594) (0.020) (0.042) (0.006)
Juvenile stag 0.000 1.373* 3.119* 0.098> 0.104 0.006
n=1
Neonates 0.000 5.810° 2.320* 0.174* 0.085 0.000
n=2_8 (0.000) (1.740) (1.290) (0.088) (0.103) (0.000)

sbede; Means with the same superscript did not differ significantly at the 5% level.

Products Corporation, Los Angeles, California
90045, USA). High and low concentration con-
trol samples were included in duplicate in each
assay. The inter-assay coefficients of variation
were 6.4% and 7.5% for the high and low sam-
ples respectively. The lower limit of reading for
the assay was 20 nmol/L, and the upper limit
2,000 nmol/L.

Statistical analysis

Means and standard deviations were calcu-
lated for animals grouped by age, sex and preg-
nancy status: (1) non-pregnant hinds, (2) preg-
nant hinds, (3) adult stags (>12-mo-old), (4) the
juvenile hind (<12-mo-old), (5) the juvenile stag,
(6) abattoir stags, and (7) neonates. Groups were
compared by one-way analysis of variance at
the 5% level significance. Regressions were per-
formed on parameters over time. Blood samples
from the non-pregnant adult hinds in 1987 and
1988 were compared. Regressions were applied
to mean serum cortisol levels in the hinds on
each day that samples were assayed.

RESULTS
Haematology

Tables 1 and 2 present means of hae-
matological parameters for each group of
animals. Red cell parameters, comprised
of haemoglobin (Hb), total red blood cells
(RBC) and haematocrit (HCT), increased
40 to 60% from birth to 10-mo-old, and
values at maturity were 15 to 50% higher
than at birth. Sex differences were not ap-
parent in neonates or juveniles, but were
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significant in adults. Red cell parameters
were 15 to 22% higher in adult stags than
hinds (P < 0.001), and the total white blood
cell (WBC) count was significantly greater
in stags (P < 0.01). The WBC count of
neonates was significantly greater than that
of juveniles and adults (P < 0.001).

Mean corpuscular haemoglobin concen-
tration (MCHC) varied significantly (P <
0.05) between pregnant and non-pregnant
hinds, and between the same non-preg-
nant hinds sampled in different years.
During pregnancy there was a significant
increase in Hb, RBC and HCT (P < 0.001)
and mean corpuscular volume (MCV) (P
< 0.01), and a decrease in MCHC (P <
0.001). There was also an increase in the
WBC count (P < 0.001) due to an increase
in the number of lymphocytes (P < 0.001).

Lymphocytes predominated in the dif-
ferential white cell counts for all animals
except neonates, which had a neutrophil
to lymphocyte ratio of 2:1. The number of
neutrophils was higher in stags during the
initial 2 mo of sampling but lymphocytes
predominated for the remaining 10 mo.
The differential white cell count in hinds
was variable throughout the sampling pe-
riods but during pregnancy the number of
lymphocytes measured was always higher
than the number of neutrophils.
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TABLE 3. Serum protein fractions expressed as £ (SD) in chital deer.
Globulins
Protein Albumin 1 2 B, B: Gamma A:G!
g/L g/L g/L g/L g/L g/L g/L g/L
Hinds 70.2* 36.8 2.4* 4.6* 5.6 4.1 15.5 1.18*
n =10 (8.9) (1.5) (0.3) (0.6) (0.8) (0.3) 38.1) (0.18)
Pregnant hinds 69.8¢ 38.3¢ 2.2 3.9* 7.00 4.2 14.4 1.24*
n =10 (5.4) (1.5) (0.4) (0.6) (1.1) (0.7) (3.6) (0.22)
Juvenile hind 56.3¢ 33.7¢ 2.2 5.0~ 5.7 3.0¢ 7.8 1.35*
n=1
Stags (A) 63.6° 37.9* 2.5 4.5 5.8 3.2% 9.7 1.55
n=7 (3.4) (2.3) (0.5) (0.5) (0.5) (0.5) (2.6) (0.36)
Stags (B) 67.2> 32.9¢ 2.7 5.7 10.7¢ 3.9 11.6¢ 0.97¢
n=10 (4.2) (8.2) (0.5) (0.9) (1.5) (0.6) (1.9) (0.19)
Juvenile stag 62.8° 39.8* 2.0° 5.1 6.3+ 3.0¢ 6.8¢ 1.73¢
n=1
Neonates 61.1« 27.5¢ 2.2 3.2° 4.3 8.0¢ 12.2¢ 1.63¢
n=_§8 (14.9) (1.9) (0.9) (1.3) (2.6) (7.8) 9.1) (1.53)

sbede; Means with the same superscript did not differ significantly at the 5% level.
Stags (A), stags from research farm; (B), stags from abattoir.
 Albumin to globulin ratio.

TABLE 4.

Elevated (“‘untrained”) and baseline

(“trained”) means (SD) for aspartate aminotransfer-
ase (AST) and creatine kinase (CK) in serum of chital

deer.
Untrained mean Trained mean
AST CK AST CK
Hinds 1987 286 2,129 79 508¢
n=10 (265) (1,478) (21) (201)
Hinds 1988 165 1,623 84 372
n=9 (25) (914) (22) (180)
Pregnant hinds — — 62> 317"
n=10 (10) (63)
Juvenile hind 2,040 7,400 109> 434+
n=1
Stags (A)' 308 2,850 74¢  326°
n=17 (176) (1,801) (19) (86)
Stags (B)' 76 4,977 — —
n=10 (82) (1,351)
Juvenile stag — — 66>  294°
n=1
Neonates 125 838 — —
n=2_§8 (59) (682)

sbede; Superscripts are for untrained and trained means com-
bined. Means with the same superscript did not differ sig-
nificantly at the 5% level.
‘Stags (A), stags from research farm; (B), stags from abattoir.
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FIGURE 1. Weekly changes in red blood cell pa-

rameters (red blood cell count and haematocrit) and
the mean corpuscular haemoglobin (£ and SD) of
chital hinds over the first 7 wk of tri-weekly blood
sampling.
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FIGURE 2. Serum levels (U/L) of aspartate ami-
notransferase and creatinine kinase (£ and SD) mea-
sured in weekly blood samples from 7 chital stags
over 12 mo.

The hinds which were handled three
times a week in 1987 had decreases in the
Hb, RBC and HCT parameters over time,
with values from initial samples being sim-
ilar to those measured in stags. The stags
had no consistent changes in Hb, RBC and
HCT, but decreases in the RBC count (P
< 0.05) and HCT of hinds occurred (Fig.
1). The mean corpuscular haemoglobin
(MCH) increased over time (P < 0.01)
(Fig. 1),and MCV (P < 0.001) and MCHC
followed similar trends. These consistent
changes over time did not occur when the
hinds were sampled again 1 yr later, when
mean values for Hb, RBC and HCT were
lower and of similar levels to those mea-
sured in the last weeks of the first year.
Haemoglobin concentration did not fall
consistently over time in either year of
sampling.

Electrophoresis

Results from the electrophoresis of pro-
teins are shown in Table 3. There were no
seasonal fluctuations in blood protein levels
in stags over 12 mo. Hinds had signifi-
cantly higher levels of gammaglobulins (P
< 0.001) and total protein (P < 0.01) than
stags, while stags had a higher A:G ratio
(P < 0.01). Alpha-2 globulins were signif-

TABLE 5. Serum biochemistry values expressed as % (SD) of chital deer.

AP LDH ALT Bilirubin UN Glucose P Ca
U/L U/L U/L upmol/L mmol/L.  mmol/L  mmol/L mmol/L
Hinds 118 453 51 4.5 7.5 7.9 2.2+ 2.3
n=10 (38) (45) (10) (0.8) (0.8) (1.2) (0.1) (0.0)
Pregnant hinds 149° 331° 26° 5.1 9.0 7.3 2.2 2.3
n =10 (52) (43) (4) (1.3) (0.8) (1.2) (0.2) 0.1)
Juvenile hind 319 1,017¢ 119¢ 6.2+ 11.7+¢ 6.7 2.6* 2.5%
n=1
Stags 219+ 486* 57 5.8 9.7 8.2* 2.4 2.4
n=17 (31) (24) (4) (2.5) (0.7) (1.6) (0.2) (0.1)
Abattoir stags 1964 775¢ 1274 3.8*® 11.2¢ 5.9° 2.2 2.4
n=10 (64) (82) (31) (1.1) (1.5) (1.3) (0.6) (0.1)
Juvenile stag 271¢ 5694 63 3.1° 9.6% 7.5 2.8 2.7¢
n=1
Neonates 2,493 978¢ 552 13.0¢ 7.7 S.1° 3.1° 2.7¢
n=38 (975) (987) (39) (4.1) (2.4) (2.2) (0.6) 0.1)

*bcde; Means with the same superscript did not differ significantly at the 5% level.
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FIGURE 3. Serum enzyme levels (U/L) (£ and SD) in 10 chital hinds during tri-weekly blood sampling.

icantly higher (P < 0.05) in the hinds in
1987 (4.9 g/L, SD = 0.6) compared with
1988 (4.2 g/L, SD = 0.4). The population
of stags from the abattoir showed some
differences in protein levels from other
stags.

1000 —
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FIGURE 4. Serum levels (U/L) of alkaline phos-
phatase throughout the annual antler cycle of an 18-
(O) and 24-mo-old (@) chital stag.
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Levels of gammaglobulins were signif-
icantly lower in the juveniles, and the ju-
venile hind also had significantly lower to-
tal protein and beta-2 globulin levels than
adult hinds (P < 0.001). Protein levels in
neonates also differed from older animals
(Table 3). Gammaglobulins in neonates
ranged from 1 to 21 g/L, and levels of
plasma proteins were increased in August
and September compared with other
months (P < 0.01).

During pregnancy, levels of albumin (P
< 0.05) and beta-1 globulins (P < 0.01)
were elevated, and alpha-2 globulins were
low (P < 0.05). In addition, there were
significant weekly fluctuations in levels of
alpha-1 globulins in hinds (P < 0.01) which
followed no trend.

Serum biochemistry

Serum concentrations of muscle en-
zymes aspartate amino transferase (AST)
and creatine kinase (CK) were at least dou-
bled in most “untrained” animals com-
pared with “trained” animals (Table 4).
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The maximum serum CK level in the stags
was 7,400 U/L. Stabilized enzyme levels
(“trained” levels) were reached after ap-
proximately eight fortnightly samples from
the adult stags (Fig. 2). Elevated enzyme
levels, measured 10 mo after sampling be-
gan (Fig. 2), were present only in one 2-yr-
old stag, and were elevated for 4 wk from
February to March 1987. There were few-
er values from “untrained” animals, and
mean enzyme concentrations were gen-
erally lower in the hinds in the second year
of sampling (Fig. 4). The AST concentra-
tion was elevated in 14 samples (of total
68) in 1987 compared with four (of total
54) elevated levels in 1988, and CK con-
centrations were elevated in 16 samples in
1987 compared with 12 samples in 1988.
Changes were not noticeable over time in
means of other serum biochemical values
(Table 5). Neonates had high concentra-
tions of lactate dehydrogenase (LDH),
ranging from 413 to 920 U/L, with the
exception of one value which reached 3,187
U/L. Alanine amino transferase (ALT)
concentrations were higher in the hinds in
1987 than in 1988 (P < 0.001).

Alkaline phosphatase (AP) activity in
stags reflected changes in the annual antler
cycles (Fig. 4). The mean serum level of
AP in Table 5 is for stabilized concentra-
tions in the four older stags. Growing ant-
ler, referred to as “velvet antler,” was sur-
gically removed 2 cm above the pedicle
after 60 days of growth. At this stage AP
reached a peak of 960 U/L (SD = 36 U/L)
and then fell, returning to the initial level
within 1 wk. The AP activity fell gradually
during growth of the first antler pedicle in
stags from 11- and 13-mo-old. Values fell
from approximately 300 U/L to reach a
level of 200 U/L (SD = 34 U/L) after their
antlers had been cut and stopped growing.
The AP was elevated in neonates, being
higher than any levels reached in older
animals, and there was variation between
neonates. Concentrations of AP in adult
hinds ranged from 61 to 220 U/L, re-
maining constant for each hind over time
and were lower than the stabilized level
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in adult stags (219, SD = 31 U/L). The AP
levels increased to a mean of 149 U/L (SD
= 52 U/L) during pregnancy (P < 0.05).

Total bilirubin did not change season-
ally in the stags, and neonates had a higher
mean concentration of bilirubin than all
other groups.

Urea nitrogen concentrations (UN) in
the stags fluctuated non-seasonally over 12
mo, and all stags exhibited the same pat-
tern. Non-pregnant hinds had lower UN
levels than the stags (P < 0.001), which
increased during pregnancy (P < 0.01). In
1987 the hinds had lower UN than in 1988
(P < 0.001). Serum glucose levels de-
creased significantly in the hinds (P < 0.01)
over successive blood samples in 1987 and
levels also decreased over time in the stags.
The mean glucose level was lower in the
hinds in the second year (P < 0.05), being
similar to the levels measured during the
final weeks of sampling in the first year.
During pregnancy, glucose levels were
similar to the lower levels measured in non-
pregnant hinds. Serum glucose levels were
low in the neonates. Phosphorous and cal-
cium levels did not change seasonally, and
were higher in the juveniles and neonates.

Serum cortisol

There were no significant sex differ-
ences in cortisol concentration. A circan-
nual rhythm in serum cortisol concentra-
tion was apparent in the oldest chital stags
(range 70 to 195 nmol/L), and appeared
to reflect inversely serum enzyme levels.
Cortisol concentrations were highest dur-
ing antler growth phases, and lowest from
January to March.

Serum cortisol levels in the non-preg-
nant hinds ranged from 68.6 nmol/L to
194.0 nmol/L, with an overall mean of
130.1 nmol/L (SD = 22.8 nmol/L, n =
58). Over the 6 wk tri-weekly sampling
period there was a significant decrease in
mean serum cortisol levels in the hinds (r
= 0.44, P < 0.05). After weeks without
handling, pregnant hinds had serum cor-
tisol levels higher than levels measured in
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non-pregnant hinds during early weeks of
sampling (£ = 146.9, SD = 25.2 nmol/L).

DISCUSSION

Some haematological and serum bio-
chemical parameters decreased over suc-
cessive samples (Figs. 1-3), which may
have reflected a reduction in stress with
adaptation to restraint and handling. Sim-
ilar changes to muscle enzymes have been
described for wild ungulates subjected to
graded exercise (Harthoorn, 1977), where
it was shown that enzyme levels declined
over a period of 2 to 3 wk post-capture.
In the present study Hb, RBC and HCT
values rose 10 to 20% in chital hinds during
early restraint periods (Fig. 1), and similar
effects of excitement or stress on haema-
tological parameters have been found in
other species of deer (Presidente, 1979;
Rehbinder and Edquist, 1981; Wilson and
Pauli, 1982). The observed haematological
changes suggest that hinds adapted to han-
dling within 4 wk of tri-weekly blood sam-
pling.

Haematological parameters appeared to
differ between the sexes in response to han-
dling and restraint. Stags did not show dis-
tinct erythron changes over time with han-
dling, but had an altered differential
leucocyte count during initial sampling
periods. The annual male reproductive cy-
cle of chital deer (Chapple, 1989) may have
confounded changes in the blood associ-
ated with adaptation of the stags to han-
dling. In that study increased excitement
and activity of chital stags during the ma-
jor rutting period in the early months of
the year were characterised by altered dif-
ferential leucocyte counts, increased se-
rum enzyme levels and lowered serum cor-
tisol levels. Leucocyte changes also have
been found in caribou during the rut
(McEwan and Whitehead, 1969). Seasonal
changes in cortisol may therefore have re-
fleced a seasonal change in the response to
handling, or may simply have been due to
circannual changes associated with in-
creased rutting activity.

Serum cortisol concentrations also de-
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creased over time in the hinds, possibly
indicating reduced stress (Griffin and Hib-
ma, 1991) with regular handling. How-
ever, significant changes in haematological
and serum biochemical values over time
were not reflected in serum cortisol levels,
suggesting that these values may be more
sensitive indicators of handling stress than
serum cortisol. The relationship between
serum levels of cortisol and muscle en-
zymes varies between studies. In the pres-
ent study, levels appeared to be inversely
related, while Rehbinder and Edquist
(1981) found levels in reindeer were di-
rectly related.

Elevations to serum muscle enzyme con-
centrations in the present study were prob-
ably the result of fear or excitement of deer
not used to handling. As animals adapted
to regular handling, enzyme concentra-
tions were reduced. Greater increases in
CK and AST in stags compared with hinds
(Figs. 2, 3) suggested that the stags reacted
more vigorously to handling. Higher se-
rum levels of muscle enzymes in males
compared with females have also been
found in wild red deer (Kent et al., 1980).
Wilson and Pauli (1982) did not find this
difference between farmed red deer stags
and hinds, a finding that may have reflect-
ed the lower excitability of farmed red
deer. The elevated enzyme concentrations
may reflect the greater susceptibility of
chital stags than hinds to stress-related
death (capture myopathy) after handling
(Chapple, 1989).

Changes in serum enzymes in the pres-
ent study do not imply severe muscle dam-
age, since red deer with known clinical
histories of severe muscle damage were
reported by Wilson and Pauli (1982) to
have serum levels of CK from 35,000 to
47,500 U/L, which are significantly higher
than the elevated levels measured in the
chital stags (Table 4). Duncan and Prasse
(1986) reported that serum levels of CK
and AST were more sensitive indicators of
muscle damage than LDH and ALT, which
has been confirmed in the present study.
Muscle enzymes have been shown to in-
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crease in animals during the excitement
and stress of restraint, due to increased cell
permeability and cell damage (Duncan and
Prasse, 1986). In the present study increas-
es in serum enzyme levels (CK and AST)
during initial sampling periods (Fig. 3)
were of similar magnitude to those found
in other deer species after capture (Bu-
benik, 1982; Morris and Bubenik, 1983;
Wilson and Pauli, 1983).

Higher WBC counts in stags than hinds
may be due to greater activity by the stags,
including aggressive interactions, since in-
creased muscular activity increases blood
and lymph circulation, sequestering leu-
cocytes in capillary beds into large-vessel
blood (Schalm et al., 1975). Declining se-
rum glucose levels in chital hinds over sub-
sequent sampling periods may also be a
response to decreased stress concurrent
with adaptation to handling, since elevat-
ed glucose levels during the excitement of
capture have been demonstrated in many
species (Seal and Erickson, 1969; Franz-
mann and Thorne, 1970; Seal et al., 1972a;
Pearson and Mellor, 1976; Karns and
Crichton, 1978; Presidente, 1979; Kock et
al., 1987).

Alkaline phosphatase is active in the
proliferation of cellular areas of the antler,
concentrations of which are correlated with
antler growth (Graham et al., 1962; Morris
and Bubenik, 1983; West and Nordan,
1976; Bubenik et al., 1987) and antler size
(Sempere et al., 1986; Bubenik et al., 1987).
In the present study AP concentrations
peaked before the antlers began to calcify
and then fell precipitously (Fig. 4). A sim-
ilar pattern of seasonal change in serum
AP levels coinciding with the annual antler
cycle has been demonstrated in males of
other deer species (Graham et al., 1962;
West and Nordan, 1976; Brown et al., 1978;
Morris and Bubenik, 1983). However, the
changes did not occur until growth of the
second set of antlers, and prior to this, lev-
els were higher than the baseline in older
stags, which has also been found in other
deer species (LeResche et al., 1974). Ele-
vated serum AP levels in chital neonates
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(Table 5) are probably the result of active
bone metabolism and growth.

Differences were apparent between the
present results (Table 1) and those from
earlier studies on chital deer haematology
(Naik et al., 1964; Hawkey, 1975; Hawkey
and Hart, 1985; Karesh et al., 1986), which
may be attributed to age, sex, and methods
of restraint used for blood collection. The
present study is the first to report hae-
matology and serum biochemistry values
for manually restrained, unsedated adult
and juvenile chital deer, and is directly
applicable to deer managed on farms.

Increases in red cell parameters during
pregnancy may have assisted the foetus,
with similar changes found in white-tailed
does (Seal et al., 1972b). The increase in
WBC count during pregnancy in chital
hinds (P < 0.01) was primarily due to a
rise in lymphocyte count (P < 0.001),
which may have been an adaptation to
increase foetal immunity. Serum glucose
levels during pregnancy were lower than
those measured in non-pregnant hinds
during the first year of sampling (Table
5), and this may be due to foetal demands
for energy causing maternal levels to fall
(Russel et al., 1967).

Although no evidence was found in the
present study, other studies have found that
serum proteins and gammaglobulins alter
in some species after stressful handling (Se-
lye, 1946; Gartner et al., 1965, 1969;
LeResche et al., 1974; English and Lep-
herd, 1981), possibly due to haemacon-
centration. Protein increases with age (Ta-
ble 3) have also been found in white-tailed
deer (Youatt et al., 1965; Seal and Erick-
son, 1969), and adult protein levels did not
appear to be reached before 10 mo of age.
The wide range in gamma globulin levels
in the neonates may indicate differences
in the time and amount of milk ingested.
The higher albumin: globulin ratio in ne-
onates probably reflected the amount of
colostrum ingested.

Levels of UN may be directly related to
nutritional status in some cervids (Le-
Resche et al., 1974), and the differences in
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UN levels between groups of chital deer
(Table 5) may be explained by levels of
nutrition and different pastures grazed
(Chapple, 1989). However, much higher
levels of UN in chital neonates than adults
may be related to an inability to adequate-
ly handle porphyrin breakdown products
(Bush et al., 1983).

In conclusion, this study found variation
in blood composition of chital deer with
age and sex, and confirmed previous re-
ports of changes in haematological and se-
rum biochemical values with regular han-
dling of animals. The stressful effect of
restraint and handling must therefore be
considered when measuring blood param-
eters. The most pronounced changes over
time were decreases in red cell parameters
and serum levels of muscle enzymes and
glucose, suggesting that values found in
initial blood samples were elevated above
normal levels.
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