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Abstract

This study investigates the relationships between plasma corticosterone concentrations

and white cell counts in captive females of the viviparous lizard Egernia whitii during two

phases of the reproductive cycle. Gestating and postpartum females were captured in the field

and held in the laboratory for four weeks. Plasma corticosterone and progesterone

concentrations and white blood cell counts were examined in blood samples taken at capture

and after 24 h, 1 wk and 4 wk in captivity. At 24 h after capture, plasma corticosterone

concentrations in both groups had increased significantly compared with initial va lues but

then returned to initial concentrations after 1 wk in captivity and remained low in the 4 week

samples. Plasma progesterone concentrations remained elevated in the gestating females until

the week 4 sample, just prior to parturition. The hormone d ata suggest that capture and

captivity did not represent a significant long -term stressor to these animals. The increase in

plasma corticosterone concentration was associated with heterophilia in the differential

leucocyte count in both groups of females. Lymphocyte numbers decreased only in gestating

females, suggesting that reproductive status may influence the interaction between adrenal

activity and immune function.

Keywords: Adrenal; Captivity; Corticosterone; Immune system; Leucocytes; Lizard, Proge sterone; Stress;

Viviparous
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1. Introduction

The effects of prolonged stress on immune function were first identified by Selye

(1937) in his description of what he termed the General Adaptation Syndrome. It is now

known that adrenal corticosteroids have p rofound effects on the immune system, to the extent

that the immunosuppressive effects of corticosteroids are exploited clinically, while

deviations in haematological parameters have been used as indicators of physiological stress

(Dunlap, 1995).

Although studies of the effects of adrenal hormones on the reptilian immune system

remain limited, reptiles exhibit seasonal patterns of variation in circulating white cell counts

(e.g. Wojtaszek, 1992) and other measures of immune function that may reflect season al

changes in circulating corticosteroids (Saad and El Ridi, 1988; Zapata et al., 1992). For

example, in the lizard Chalcides ocellatus, increases in plasma corticosterone concentrations

during the winter months were associated with lysis of splenic T and B lymphocytes, while

injecting “summer” lizards with corticosterone resulted in similar reductions in lymphocyte

numbers (Saad and El Ridi, 1988). Conversely, improved lymphocyte function during the

winter months in the turtle Mauremys caspica was coincident with lower plasma

corticosterone concentrations (Munoz et al., 2000).

In mammals there is considerable evidence that sex steroids also have profound

influences on the immune system (Grossman, 1984). Broadly, it appears that progestagens

and androgens reduce immune responses while oestrogens enhance them (Schuurs and

Verheul, 1990). Indeed, it has been suggested that sexually dimorphic responses to stressors,

mediated by sex steroids, may have evolved to maintain reproductive competence under

stressful conditions (Handa et al., 1994). Thus it may be predicted that in viviparous species

adrenal and immune responses to chronic stress would be attenuated in gestating, as compared

with non-gestating, females to ensure that the significant investment in gestati on is not

threatened (Wingfield et al., 1998). Rooney and Guillette (2001), reviewing the evidence for

stress-related immune depression in reptiles, pointed out the lack of direct studies of changes

in immune parameters during a stress response. Indeed, to  our knowledge, no-one has yet

investigated the inter-relationships between adrenal and immune responses to a chronic

stressor and their variations with reproductive state in females of a viviparous reptile. In this

study we therefore compare the chronic s tress responses of gestating and early postpartum

females of the viviparous lizard Egernia whitii, and assess differences in white cell counts

between these reproductive states in animals held in captivity for four weeks.



4

Egernia whitii is a medium sized viviparous skink distributed throughout eastern and

northern Tasmania and most of the cool temperate south -eastern Australian mainland. Mating

occurs in spring with a gestation period of about 12 weeks, resulting in the birth of one to five

young (Milton, 1987). The relatively large body size (females 10 -15 g) permits repeated

blood sampling in volumes large enough to enable multiple hormone assays. Previous work

(Jones and Bell, 2004) has demonstrated that males of E. whitii exhibit increased

concentrations of plasma corticosterone in response to the chronic stress of capivity . In males

brought into captivity, plasma corticosterone was elevated at 24 h and 1 wk, but had

decreased significantly in samples taken after 4 wk in the laboratory. However changes in

white cell parameters were not considered in that study, and the stress responses of female E.

whitii have not yet been investigated. We hypothesise that adrenal responses to capture and

captivity will be reflected in changes in plasma corticosterone conc entrations and in the

numbers and proportions of leucocytes in the blood. We further hypothesise that in females of

this viviparous species such responses will differ between reproductive states.

2. Materials and Methods

2.1 Animal Collection and Captivi ty

Nine females were caught in January, 2000, late in gestation, and fourteen postpartum

females were collected in February 2000, at Orford, Tasmania, Australia (42.32S 147.5E).

These groups are designated gestating and postpartum respectively throughout the text.

Females caught in January were palpated to check their reproductive status:  that they were

gestating was confirmed when all females later gave birth in captivity. All females were bled

immediately upon their capture in the field (at capture). Blood samples (approx. 100 µl) were

taken from the suborbital blood sinus using a heparinised capillary tube: blood sampling was

completed within 2-5 min of capture. The blood samples were placed on ice following

collection; plasma was separated by centrifu gation and stored at -20 C until assayed for

corticosterone and progesterone.

The animals were transported to the laboratory in cloth bags. In the laboratory, lizards

were housed individually in plastic containers (30 x 20 x 10 cm). Each housing containe d a

basking site (a terracotta pot base) located under a 25 W light globe on an 13 h ON: 11 h OFF

cycle. Lizards were provided with a retreat, and the cage substrate consisted of paper pellets

to a depth of approximately 2 cm through which the lizards coul d burrow. Lizards were fed

three times per week on a diet consisting predominantly of cat food supplemented by
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tenebrionid larvae (mealworms) and water was available ad lib. The room air temperature was

maintained at 20C and fluorescent overhead lighting was set to 13 L: 11 D, mimicking the

natural photoperiod.

Further blood samples were collected from each lizard at 24 h, 1 wk and 4 wk

following capture. Each blood sample was taken at the same time of day as that lizard was

captured, in order to minimise  any effect of diurnal hormone cycles. At the conclusion of the

experiment, the animals were returned to their sites of capture. All procedures were approved

by the University of Tasmania Animal Ethics Committee (Approval no. 99064).

2.2. Corticosterone Assay

The assay procedure and its validation for E. whitii plasma is described in detail by

Jones and Bell (2004). Corticosterone was extracted from plasma aliquots (25 -50 µl) with 500

µl A. R. grade absolute ethanol: extraction efficiency was 100%. Duplic ate aliquots of 200 µl

ethanol extract were assayed by radioimmunoassay, using Endocrine Sciences anti -

corticosterone antiserum (Cat. No. B3 -1 63). The sensitivity of the assay is 0.5 ng/ml plasma,

and the intra-assay and inter-assay coefficients of variat ion were 11.2% and 3.4%

respectively.  All assays were done in duplicate.

2.3 Progesterone Assay

Progesterone was assayed by radioimmunoassay as in Jones and Swain (1996).

Briefly, progesterone is extracted from plasma samples into isooctane by column

chromatography. Recovery of progesterone from plasma was 93%, and duplicate sub -samples

of extract were assayed by radioimmunoassay. The progesterone assay has been previously

validated for skink plasma (Jones and Swain, 1996; Edwards and Jones, 2001).  The sensitivity

of the assay is 0.5 ng/ml, and the inter - and intra-assay coefficient of variation was 12.1% and

8.4% respectively.

2.4. White Blood Cell Counts

Blood smears were made each time blood was collected. A small volume of blood was

collected into an unheparinized capillary tube to avoid artefacts in stain and cell morphology

caused by heparin (Hume, 1995). Blood smears were fixed and stained in the modified

Wright’s stain, Diff Quick™. The slide was scanned at 400x magnification until a large area
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of clearly stained cells in monolayer was found. The number of white blood cells in 10 (400x)

consecutive fields of view were counted and a mean calculated. This mean, when multiplied

by two, provides an estimate of the number of white blood cells x 10 9/l blood, assuming that

the ratio of white blood cells to red blood cells remains constant (Fudge, 1997). White blo od

cells types were identified under oil immersion at 1000 x magnification. The number of each

type of white blood cell encountered within the first 100 cells counted is referred to as the

Differential Leucocyte Count (DLC) and is expressed as a percentage . All counts were carried

out by a single operator (V.C.).

Table 1 summarises the characteristics employed in the identification of each white

blood cell type in Egernia whitii. Cells were identified on the basis of descriptions in

Campbell (1996) and the experience of B. G., a veterinarian familiar with reptilian blood

cells.  Small lymphocytes were distinguished from thrombocytes by the presence of a distinct

crescent of cytoplasm and their smoothly rounded shape.

2.5. Statistical Analyses

All data are expressed as the mean ± S.E. For plasma corticosterone and progesterone

concentrations and white cell numbers, data were transformed if examination of standard

deviations plotted against means indicated that the data were heteroscedastic and Cochran’s

test was then applied to check transformed data was homogeneous. Corticosterone

concentrations were log transformed to stabilise variances while progesterone concentrations

were stabilised using a square -root transformation. Of the white cell types, only smal l

lymphocyte numbers required log transformation. Comparisons between reproductive states

over time were conducted using 1 -way ANOVA.

For plasma corticosterone and progesterone concentrations, and each white cell type, a

univariate repeated measures anal ysis was conducted to test for effects of reproductive stage

and the length of time held captive. The model was as follows:

Between Subjects

Reproductive Stage (Gestating or Postpartum)

Lizard nested within Reproductive Stage

Within Subjects

Time in Captivity

Reproductive Stage x Time in Captivity

Residual

Table 1
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Time in Captivity x Lizard nested within Reproductive Stage

Repeated measures analysis of variance (ANOVA) was employed to determine

whether the length of time that females of each reproductive st atus had been held captive was

associated with significant variation in total white cell (TWC) counts. Standard deviations of

mean total white blood cell counts displayed a significant linear relationship with means;

however, application of a logarithmic t ransformation stabilised variances.

Within each reproductive state, post -hoc Student-Newman-Keuls tests were employed

to contrast hormone concentrations and white cell numbers over time. Basophils and

monocytes were seen too infrequently for count data to  be analysed statistically.

For each of the parameters, (progesterone, corticosterone, and white cell counts) only

females for which a complete data set (at capture, 24 h, 1 wk, and 4 wk samples) was

available were included in the analysis.  At four weeks,  two of the gestating females had

given birth: their plasma corticosterone concentrations, progesterone and white cell counts at

four weeks were therefore not included in data analyses.  Therefore, 8 gestating females and

14 postpartum females were include d in the corticosterone and progesterone analysis. Further,

the staining of some blood smears did not permit accurate counting and so data from a total of

6 gestating females and 11 postpartum females were used for white cell count analyses.

3. Results

3.1. Hormone Concentrations

Plasma progesterone concentrations differed significantly between gestating and

postpartum females (Fig. 1) (interaction between reproductive state and time in captivity: F 3,57

= 6.4292, P < 0.001). Plasma progesterone concentrati ons were significantly higher in

gestating than in postpartum females at capture (F 1,20 = 32.92, P < 0.001), 24 h (F1,20 = 39.8,

P < 0.001), and 1 wk (F1,20 = 51.3, P < 0.001), but were not significantly different at 4 wk.

Plasma progesterone concentratio ns remained very low in postpartum females with post -hoc

contrasts indicating that plasma progesterone concentrations of captive postpartum females

did not vary significantly from initial values (Fig. 1).

Although mean concentrations of plasma corticoste rone in gestating females were

lower than postpartum females at capture, 10.6 ± 3.27 and 18.2 ± 3.22 ng/ml respectively, this

difference was not significant (P = 0.156). However, there was a large degree of variability in

Figure 1
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the time zero samples, with gestat ing females having plasma corticosterone concentrations

ranging from 1.6 - 19.9 ng/ml and postpartum females from 6.5 - 41.5 ng/ml.

Mean plasma corticosterone concentrations differed significantly between sampling

times for both gestating and postpartum females (F3,57 = 17.3658, P < 0.0001). As illustrated

in Fig. 2, the pattern of corticosterone over time was the same for both gestating and

postpartum females (F1,57 = 1.5886, P = 0.2228). Post-hoc contrasts revealed that, for both

gestating and postpartum females, plasma corticosterone concentrations were significantly

elevated at 24 h post-capture but had returned to initial values by 1 wk, and were not

significantly elevated at 4 wk.

3.2. Estimated Total White Blood Cell Counts

In animals of both reproductive states total white blood cell numbers did not change

significantly throughout the four week period (F 1,15 = 0.906, P = 0.356) (Fig. 3). As total

numbers of white cells did not change over the period of captivity, differential leucocyte

values are taken to represent changes in leucocyte numbers for each cell type.

3.3. Differential White Cell Counts

3.3.1. Lymphocytes

Gestating females had a significantly greater number of large lymphocytes (F 1,14 =

17.643, P < 0.01) and small lymphocytes (F 1,14 = 14.140, P < 0.01) than postpartum females

at their time of capture.

There was a significant effect of time in captivity on large lymphocyte numbers (F 1,45

= 19.6276, P < 0.001): post-hoc tests indicated that in gestating females only, numbers of

large lymphocytes were significantly lower at both 24 h and 4 wk than at capture and at 1 wk

(Fig. 4). Similarly, only the gestating females showed any marked change in small

lymphocytes with time held captive, with numbers significantly reduced at 24 h.

3.3.2. Granulocytic Leucocytes

Gestating females had significantly fewer heterophils (F 1,15 = 8.862, P < 0.01) and

eosinophils (F1,15 = 11.969, P < 0.01) than postpartum females at the time of capture, while

the percentage of heterophils in the differential leucocyte c ount increased significantly over

the captive period for both gestating and postpartum females (F 3,45 = 13.1042, P < 0.001) (Fig.

Figure 4

Figure 3

Figure 2
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5). In gestating females, the percentage of heterophils was significantly lower at capture than

at 24 h and 1 wk; however, the  percentage of heterophils was no longer elevated after 4 wk.

For postpartum females, the percentage of heterophils was significantly elevated at 24 h, 1 wk

and 4 wk in captivity.

The repeated measures analysis revealed a significant interaction between ti me

confined and reproductive status affecting eosinophil numbers (F 3,45 = 8.1878, P < 0.001).

Eosinophil numbers had declined significantly by 24 h in postpartum females and remained

significantly lower than initial values at both 24 h and one week (Fig. 5 ). In gestating females,

eosinophil numbers did not change significantly until 4 wk in captivity, at which time they

were significantly higher than initial values.

Comparison of the profiles of each granulocyte type in the white blood cell

differentials of gestating and postpartum females demonstrates that there was an inverse

relationship between the proportion of heterophils and eosinophils (Fig. 5).

4. Discussion

Gestating and postpartum females exhibited a similar adrenal response to chronic

captivity with plasma corticosterone concentrations significantly elevated at 24 h but

returning to initial concentrations by 1 wk, and again not differing significantly from baseline

concentrations at 4 wk. Previously, Jones and Bell (2004) investigated the effe ct of a 4 week

captivity on plasma corticosterone concentrations in male Egernia whitii during the period of

their reproductive quiescence. Plasma corticosterone concentrations did not rise significantly

from capture to 24 h in captivity, although the auth ors note that there was a high level of

variability in the sample taken at capture. In these males, plasma corticosterone

concentrations remained elevated at 1 week, but had fallen significantly by 4 weeks,

indicating a somewhat slower recovery in corticos terone concentrations than we observed in

females of this species. This may reflect different responses between the sexes to isolation in

captivity in this social species (Chapple, 2003).

Plasma progesterone concentrations were significantly higher in ges tating Egernia

whitii than postpartum females except at week 4 at which time females were very close to

parturition.  This confirms that endocrinological status differed between these groups of

females, at least during the earlier stages of captivity: a fa ll in plasma progesterone

concentrations some time before parturition has also been observed in other viviparous

skinks, including Niveoscincus metallicus (Jones and Swain, 1996) and N. ocellatus (Jones et

al., 1997). The progesterone concentrations report ed here are similar to those recorded

Figure 5
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previously in field-caught gestating E. whitii (Bell, 1997). Similarly, in female of the

viviparous snake Thamnophis sirtalis parietalis,  progesterone and oestrogen cycles over the

weeks following hibernation did not d iffer between females subjected to confinement in the

laboratory and those sampled in the field immediately upon capture (Whittier et al., 1987),

while Weiss et al. (2002) found no effect of long-term captivity upon plasma progesterone,

and other sex steroid concentrations in the oviparous Sceloporus virgatus, although they

suggested that endocrine responses to captivity may vary with reproductive state.

However, contrary to our initial hypothesis, there was no difference in the pattern of

plasma corticosterone concentrations between our gestating and postpartum females, and both

groups of females exhibited higher plasma corticosterone concentrations than observed in

males (Jones and Bell, 2004), especially at 24 h after capture (ca. 36 ng/ml in females

compared with ca. 14 ng/ml in males). Similarly, pregnant females of the viviparous gecko

Hoplodactylus maculatus exhibited no suppression of the stress response to captivity relative

to vitellogenic females, with both groups having greater responses than male s of that species

(Cree et al., 2003). These results suggest that, as discussed extensively by Cree et al. (2003),

there has been no selection for a reduced corticosterone response to stressors such as captivity

during gestation in viviparous reptiles, imp lying that the stress of chronic confinement does

not pose a threat to reproductive investment in these animals. We are currently exploring this

hypothesis further, via experimental manipulations of the hypothalamo -pituitary-adrenal axis

and examination of acute stress responses in female E. whitii (Cartledge and Jones,

unpublished results). Interestingly, in contrast to these results for viviparous species, gravid

female alligators do show a reduced response to (acute) capture stress compared with non -

gravid females (Rooney and Guillette, 2001), and breeding green turtles also exhibit reduced

adrenocortical function in response to environmental stressors (Jessop et al., 2000).

However this study focussed on potential inter -relationships between the stress

response and the immune system. Studies of interrelationships between the stress response

and the immune system of reptiles are very limited, and usually indirect (Rooney and

Guillette, 2001). In E. whitii, blood smears indicated that the estimated total n umber of

circulating white blood cells did not vary significantly throughout confinement in either

gestating or postpartum females. This, combined with the continued good health of the

animals, suggests that there was no inflammatory component to the diffe rential cell counts,

and that the changes were not a result of disease. The lack of change in total estimated white

cell count contrasts with results from the crocodile Crocodylus porosus in which total white

cell counts were significantly depressed one we ek after the onset of low temperature stress
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(Turton et al., 1997). Similarly, total white cell numbers had decreased in green turtles

Chelonia mydas at 24 h after capture (Aguirre et al., 1995). The stability of total white cell

numbers in this study is explained by the differential white cell counts: in gestating females,

the decreases in lymphocyte numbers were countered by increases in heterophil numbers,

while in postpartum females lymphocyte numbers were stable and the two granulocytes,

heterophils and eosinophils, displayed an inverse relationship.

Lymphocyte counts were consistently higher in gestating females than postpartum

females (ca. two-fold at their time of capture). This difference is unlikely to be seasonal as

late gestation and postpartum females were caught within six weeks of each other. This result

was unexpected because thymic involution, with a resultant reduction in lymphocyte

numbers, is common during mammalian pregnancy (e.g., Millar et al., 1973; McLean et al.,

1974) with this reduction thought to lessen or prevent immune rejection of the foetus,

encouraging the pregnancy to term: as Lochmiller and Deerenberg (2000) point out, up -

regulation of the maternal immune system is likely to have suppressive effects on foetal

growth and development. However, in mammals higher plasma corticosteroids are

consistently found during pregnancy (Keller -Wood and Wood, 2001). Again, this result

differs from those for E.whitii, in which basal plasma corticosterone concentrations did not

differ between gestating and postpartum females, which may explain why we did not see a

decrease in lymphocyte count in late gestation. Indeed, there is very little information

available on patterns of lymphocyte numbers during gestation in reptiles. Impaired mitogenic

function was noted in gestating females of the lizard Chalcides ocellatus particularly in late-

stage pregnancy (Saad and El Deeb, 1990). While the number of circulating lymphocytes was

not recorded in that study, thymic involution during gestation has been d emonstrated in C.

ocellatus (Saad, 1989). In contrast, gravid snakes of the oviparous species Natrix natrix were

found to have lymphocyte numbers as high as those in males at the same time of year

(Wojtaszek, 1992).

As well as lymphocyte numbers differing  between reproductive states, the pattern of

change in those numbers during the experimental period was different in gestating and

postpartum females. In gestating females, both small and large lymphocyte numbers were

significantly depressed at 24 h but ha d recovered by 1 wk, only to be significantly lower again

at 4 wk. In contrast, lymphocyte numbers did not vary significantly over the experimental

period in postpartum females. In mammals, stressful conditions and increased plasma

corticosteroid concentrations have been repeatedly associated with a reduction in the number

of circulating lymphocytes (e.g., Dhabhar et al., 1995; Dhabar and McEwen, 1997; Baker et
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al., 1998). The small number of studies conducted in reptiles have produced similar results.

For example, subcutaneous corticosterone implantation in juvenile Alligator mississippiensis

resulted in significant reductions in the number of lymphocytes in the blood at 1 month after

implantation (Morici et al., 1997). The lack of response in the postpartu m females in our

study warrants further investigation.

In both gestating and postpartum females, however, increases in plasma corticosterone

concentration were coincident with increases in heterophil numbers and with either a decrease

in eosinophil numbers (postpartum females), or no change in eosinophil numbers (gestating

females). Heterophilia has been repeatedly associated with rises in plasma corticosteroid

concentrations in mammals (e.g., Buddle et al., 1992; Dhabhar et al., 1995) and a small

number of studies in reptiles also support this relationship (e.g., Aguirre et al., 1995; Morici et

al., 1997). Although plasma corticosterone concentrations had returned to baseline by 1 week

in captivity for females of both reproductive states, heterophil numbers  had not recovered by

this time in either reproductive state and in postpartum females were still significantly higher

than baseline even at four weeks. A lag in recovery time for neutrophils was also observed in

mice exposed to a stressor, although that w as a short term study in which mice restrained for 2

h showed a recovery in corticosterone concentrations by 3 h following the stress but

neutrophil numbers remained significantly elevated at this time (Dhabar et al., 1995).

There is very little literature available on eosinophil responses to stress in reptiles:

heterophil and lymphocyte counts are generally employed to gauge stress levels, so in most

studies a full leucogram has not been reported. The very clear inverse relationship between

eosinophil and heterophil numbers demonstrated in this study suggests a possible negative

relationship with plasma corticosterone concentrations. Similarly, long -term corticosterone

implantation in the alligator Alligator mississippiensis  caused suppression of both circ ulating

eosinophil and basophil numbers (Morici et al., 1997).

Thus, contrary to our initial hypothesis, adrenocortical responses to chronic captivity,

as assessed by changes in plasma corticosterone concentrations, were very similar in gestating

and postpartum females, although the patterns of change in white cell parameters over the

four weeks of captivity did differ between reproductive states. Further studies should examine

the responses of females in early gestation: however the confounding effect of season upon

plasma corticosterone concentrations and upon leucocyte numbers (Zapata et al., 1992) would

need to be considered in comparing such females with postpartum or vitellogenic females.

This study also demonstrates that, in reptiles brought into cap tivity, variations in

haematological parameters may continue after plasma corticosterone concentrations have
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returned to initial values. Indeed, Lance (1994) commented that steroids may not directly

regulate the reptilian immune system. The observations re ported here may reflect

interrelationships between nutritional state and immunity (Lochmiller and Deerenberg, 2000),

and require further investigation.
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Captions to figures

Fig. 1. Mean plasma progesterone concentrations in gestating (n=8) and postpartum female (n=14) Egernia
whitii. * indicates times where gestating females have significantly higher mean plasma progesterone
concentrations than postpartum females held captive for the same period . Vertical bars represent one s tandard
error of the mean.

Fig. 2. Corticosterone concentrations throughout four weeks of captivity in gestating (n= 8) and postpartum
(n=14) female Egernia whitii. * indicates value is significantly different from at capture. Vertical bars indicate
the standard error of the mean.

Fig. 3. Mean estimated number of white blood cells x 109/l of blood as calculated from total white cell counts
for gestating (n=6) and postpartum (n=11) Egernia whitii kept in captivity for four weeks . Vertical bars represent
one standard error of the mean.

Fig. 4. Large lymphocyte and small lymphocyte differential leucocyte count profiles of (a) gestating (n=6) , and
(b) postpartum (n=11) female Egernia whitii in captivity for a period of four weeks. Vertical bars represent one
standard error of the mean. * indicates value is significantly different from at capture ( P < 0.05).

Fig. 5. Eosinophil and heterophil differential leucocyte count profiles of (a) gestating (n=6), and (b)
postpartum (n=11) female Egernia whitii in captivity for a period of four weeks. Vertical bars represent one
standard error of the mean. * indicates value is significantly different from at capture ( P < 0.05).
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4

a) Gestating

b) Postpartum
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Fig. 5

a) Gestating

b) Postpartum



23

Table 1
White blood cell types identified in blood smears of Egernia whitii and their distinctive features as stained with
Diff Quick™.

Size (µ) Granules Cytoplasm Nucleus

Granulocytic leucocytes

Heterophils 20 Red, coalescent Clear Lobulate

Eosinophils 20 Light red, dispersed

throughout cell

Blue tinge Lobulate

Basophils 15 Dark Blue Blue Non-lobulate

Mononuclear leucocytes

Small

lymphocytes

7 Absent Clear Condensed, fills majority of cell

Large

lymphocytes

10 Absent Clear Condensed, fills majority of cell

Monocytes 15 Absent Red tinge Large, ovoid, and indented
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