
The current study was undertaken to ascertain the effects of diverse stress on thyroid activity in soft-
shelled turtles, Lissemys punctata punctata. The findings revealed that starvation (10 days), dehydration
(10 days) or exposure to electric shock (12 volts for 15 seconds at an interval of 30 min for 3 h) caused
significant decrease in the body weight (except in electric shock), relative weight, peripheral and central
epithelial heights of the follicles and peroxidase activity of the thyroid gland of turtles. The degree of
change in the values of these parameters was nearly same in all the stress experiments, indicating that
there is not much difference in the degree of thyroid responses to diverse stress in turtles. It is suggested
that these stressors might have exerted their actions on thyroid activity presumably indirectly via adren-
al medulla and/or substance in metabolic stress (starvation and dehydration) and via hypothalamo-
hypophysial-adrenocortical axis in non-metabolic stress (electric shock) in Lissemys turtles.
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INTRODUCTION

Earlier reports on thyroid activity following stress are available largely in homeother-
mic animals. Thyroid activity is suppressed (decreased thyroid weight with
decreased 131I uptake) with severe loss of body weight in underfed (1/4, 1/2 or 3/4 of
the daily ration or 25% of the needed calories) or starved rats [13]. Fasting condition
for 10–12 hours, 7 days, or 8–10 days decreases 131I uptake, plasma TSH level, bind-
ing capacity of nuclear T3 receptors, and serum total and free T3 and T4 concentra-
tions, and free T3 % in lean rats, but not in obese rats and in laboratory rodents [20,
40, 41]. Plasma T3 and T4 levels are also decreased in beluga whales, Delphinapterus
lucas, after capture [35]. Other stressors such as dehydration, formalin treatment,
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electric shock, capture, confinement, anoxia, anaesthesia, restraint, vitamin deficien-
cy, muscular exercise or swimming at 15 °C/40 °C or haemorrhage shock also inhib-
it thyroid activity (decreased 131I uptake and its release, plasma PBI131 level, plasma
TSH, T3 and T4 levels with loss of thyroid weight) in rats, rabbits and dogs [17, 21].

Some information is available in birds. Thyroid activity is decreased (complete
inhibition of 131I release or decreased secretion of T3 and T4 levels into circulation)
following starvation for 5 days or restricted food intake in domestic fowl and pigeon
[25], after food deprivation for 4 hours in sexually quiescent male Japanese quail,
Coturnix coturnix japonica [1], severe starvation in Emperor penguin, Aptenodytes
forsteri [13] or in fasting turkey [10] and white-crowned sparrow, Zonotrichia leu-
cophrys gambelli [32]. In contrast a higher level of feeding increases thyroid weight
and follicular epithelial height in chickens [24]. Plasma T3 level is increased after
infection with Bordetella avium in turkey [10].

In poikilotherms, Indian garden lizard, Calotes versicolar, thyroid activity is not
changed following dehydration [37]. In teleosts, plasma T3 and T4 levels, T3 and T4

clearance rates, T4 degradation rate and conversion of T4 to T3 are all reduced fol-
lowing starvation in rainbow trout and yearling brook trout [16], but T3 and T4 lev-
els are increased after feeding in starved trouts [11].

Earlier reports concerning the effect of stress on thyroid activity is inconsistent
and negligible in poikilotherms, and no report is available in turtles as yet. Moreover,
there is an important question as to whether thyroid activity is affected under condi-
tion of especially (starvation and water deprivation) in animals like turtles whose
population is gradually being declined. Therefore, in the current article, the role of
diverse stress on thyroid activity is investigated in a species soft-shelled turtles,
Lissemys punctata punctata.

MATERIALS AND METHODS

Sixteen adult female soft-shelled turtles, Lissemys punctata punctata (Bonnoterre)
(body weight ranging between 850–900 gm), were collected in March from natural
populations near Calcutta. Female specimens were selected as they were abundantly
available in March. Experiments were conducted in March since thyroid activity of
turtles was higher in March than in other months of the year [31]. Turtles were main-
tained in the aquaria (150 cm × 60 cm × 60 cm) in controlled laboratory conditions
(temperature: 25 °C and photoperiod: 12 L: 12 D) 5 days for acclimatization. Food
(small shrimps and earthworms) was accessible ad libitum throughout the experi-
ments. They were kept in small groups to avoid the effect due to crowding stress [9].
Specimens were equally divided in 4 groups of 4 each. Group-I turtles served as con-
trol. Group-II animals were deprived of food. Group-III specimens were maintained
in polythene cage (60 cm × 40 cm × 40 cm) deprived of water for dehydration exper-
iment. Starvation and dehydration experiments were conducted continuously for 10
days. Group-IV specimens were exposed to electric shock (12 volts for 15 seconds
at an interval of 30 min for 3 h) and the experiment was terminated 3 hours after the



last exposure of electric shock. All the experiments were repeated using 4 specimens
in each group with 16 specimens in 4 groups. Altogether these thirty-two specimens
were used. Animals were anaesthetized with sodium barbital injection at a particular
time of the day (10 a.m.) to avoid the effect due to circadian rhythm [8]. Body weight
was recorded initially and after termination of the experiments. Thyroid glands were
quickly dissected free and weighed on a torsion balance (ROLLER-SMITH, U.S.A.).
Right thyroid gland of each specimen was fixed in Bouin’s fluid and processed for
routine microtomy. Five μm thick paraffin sections were prepared by BIOCUT,
Cambridge and stained with Masson’s trichrome technique. Epithelial heights (μm)
from both the peripheral and central follicles of the gland were measured by ocular
micrometer. Twenty follicles each for the peripheral and central regions of each sec-
tion of the gland were studied. Ten widely separated random sections were studied
for each specimen. Left thyroid gland of each specimen was processed for assaying
thyroperoxidase activity [5]. Thyroid glands were homogenized in 0.05 M phosphate
buffer (pH 7.0), centrifuged (Sorvall OTD-50, U.S.A.) at 105,000 g and the soluble
supernatant fraction was assayed for peroxidase activity using 350 μmole of hydro-
gen peroxide as substrate, 0.1 M phosphate buffer (pH 7.0) and 1% orthodianisidine
in methanol as the hydrogen donor. 0.1 ml of orthodinisidine dye was added to 6 ml
of substrate-phosphate buffer. 2.9 ml was transferred to the test cuvette and the
remainder was transferred to the control cuvette. At zero time 0–1 ml of enzyme sam-
ple was added to the cuvette and vortexed. OD was recorded at 420 nm by a spec-
trophotometer (Perkin Elmer) using 1 cm light path at 15 seconds intervals for 2 min
and calculated the rate of change of enzyme activity per minute per mg of protein.
The protein was estimated by the method of Lowry et al. [23].

All the data were analysed statistically by one-way analysis of variance followed
by Student’s t-test (ANOVA) [34].

RESULTS

Control

The results of two experiments did not differ significantly from those of the 1st exper-
iment. So, all the data were pooled, averaged and presented as mean ± SE in the
‘Result’ section of the present article.

The control turtles consumed shrimps and earthworms ad libitum throughout the
experiments, but the frequency of food intake was not consistent.

Gravimetry, histology and thyroperoxidase activity

The body weight and relative thyroid weight were presented in Fig. 1a and b.
The thyroid gland of turtle is large, round and less variable in size, located anteri-

or to the heart. It is light greyish in colour. The gland is covered by a thin layer of
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Fig. 1. Histograms showing decreased body weight (a), relative thyroid weight (b), epithelial heights of
the peripheral (c) and central (d) follicles, and peroxidase activity (e) of the thyroid gland in turtles

exposed to various stresses (C: control, S: starvation, D: dehydration, ES: electric shock)



connective tissue capsule consisting of mainly collagenous fibres. Underlying the
capsule are numerous follicles of various shape and size. There were two types of fol-
licles, the peripheral and the central; both the types were lined by a single-layer of
epithelial cells. The peripherial follicles were larger with large lumen, having short
columnar cells, and the central follicles were smaller with relatively small lumen,
lined also by short columnar cells. The epithelial heights of both types of follicles,
measured by oculometer, were nearly the same and presented in histograms (Fig. 1c
and d). Each follicle contained heterogeneous colloidal secretory materials with vac-
uoles. Profuse quantity of secretory materials were located towards the apical region
of the follicular cells (Fig. 2A).

The peroxidase activity of the thyroid gland was quantitated and the data were
presented in Fig. 1e.

Treated turtles

The treated turtles kept in dehydration and water deprivation consumed less fre-
quently and less quantity of food than those of the untreated control turtles.

Gravimetry, histology and thyroperoxidase activity

The body weight was significantly reduced after starvation (980.00 ± 15.52, P < .01)
(–25.75%) and dehydration (1034.00 ± 14.50, P < .01) (–21.66%), without any per-
ceptible change after electric shock (1312.00 ± 14.71, N.S.) (0.60%), as compared to
that of the control turtles (1320.00 ± 7.35) (Fig. 1a). The relative weight of the thy-
roid gland was significantly reduced after starvation (–44.32%), dehydration
(–41.12%) or electric shock (–23.78%) as compared to that of the control turtles
(Fig. 1b).

Light microscopic study of the thyroid gland showed marked reductions in the size
of both types of peripheral and central follicles. The short columnar cell size was
reduced to the cuboidal type. The secretory colloidal materials showed homogeneous
appearance. The epithelial height in both the peripheral and central follicles was
drastically reduced after starvation (–28.62% and –25.45%), dehydration (–27.22%
and –22.46%) or electric shock (–22.08% and –20.21%) in turtles (Fig. 1c and d).
The degree of change was nearly the same in all the treated groups (Figs 1c, d, 2B,
C, D).

The enzyme activity was significantly decreased after exposure to starvation
(–36.84%), dehydration (–31.57%) or electric shock (–20.00%) in turtles as com-
pared to that of the control. The degree of change was nearly the same in all the treat-
ed groups (Fig. 1e).
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DISCUSSION

Experiments with diverse stress (starvation, dehydration or electric shock) showed
loss of body weight which could be due to decreased quantity of food intake, as evi-
dent from the body weight recorded after stress in turtles. These stressors can also
modulate thyroid activity in the soft-shelled turtles. Starvation, dehydration or expo-
sure to electric shock caused inhibition of thyroid activity and the degree of inhibi-
tion was nearly the same in all the stress experiments. It was evident from the

Fig. 2. Photomicrographs. Masson’s trichrome stain, ×700. 2A: Section of the thyroid gland of the con-
trol turtle showing a single layer of short columnar (SC) epithelial cells (arrow) with heterogeneous vac-
uolated colloid materials (CM) seen in the lumen of the peripheral follicle. Note the presence of profuse
quantity of secretory (S) materials (arrow) attached to the apical surface of the epithelial cells 2B:

Epithelial cell size was drastically reduced to cuboidal type (CT) (arrow) with homogeneous secretory
colloid materials (CM) found in the lumen of the peripheral follicle of the thyroid gland after starvation
(S) in turtles 2C: Further reduction in the cell size (CS) (arrow) with homogeneous secretory colloid
materials (CM) (arrow) found in the lumen of the peripheral thyroid follicle after dehydration (D) in tur-
tles 2D: Decreased epithelial cell size (CS) (arrow) with decreased homogeneous secretory material
(CM) seen in the lumen of the peripheral follicle of the thyroid gland following exposure of turtles to

electric shock (ES). Compare with Fig. 1



decreased relative thyroid weight, thyro-follicular epithelial height and peroxidase
activity of the thyroid gland in turtles. Moreover, inhibition of peroxidase activity
following diverse stress might be related to the inhibition of thyroxine production in
turtles [4]. It is known that normally the metabolism of iodine in the thyroid gland
consists of (1) uptake of iodide by “iodine concentrating mechanism”, (2) synthesis
of thyroglobulin in the cells, (3) deposition of thyroglobulin in the colloid, (4) iodi-
nation of tyrosil rsidues, (5) break down of thyroglobulin into its amino acid compo-
nents and (6) a passage of T4 into circulation [4]. The differences in the radioauto-
graphs between the control and stressed animals suggest that stressors not only dis-
turb the iodine concentrating mechanism, but somehow influence synthesis of thy-
roglobulin in the cells and deposition of thyroglobulin in colloid and eventually
resulting in the disturbance of thyroxine production. Thyroperoxidase is known to be
involved in iodide transport, oxidation of iodide to iodine, and iodination of tyrosine
of thyroglobulin into MIT, DIT, TIT (T3) and T4 [22]. Thus, in the current study,
stress might have suppressed thyroidal activity and consequently thyroxine synthesis
presumably by disturbing one or more such steps in turtles, but it has to be con-
firmed. Transient reduction in 131I uptake following electric shock [3] or decreased
thyroid weight and 131I release after dehydration have already been reported in rats
[29]. There are many other reports of thyroidal inhibition (decreased plasma T3 and
T4 levels, T3 and T4 clearance rates, conversion of T4 to T3, and T4 degradation rate)
after starvation in other poikilotherms including rainbow trout and yearling book
trout) [11, 16] and in homeothermic vertebrates [13, 35, 40]. These authors have also
pointed out the inhibitions of thyroxine production and secretion in starved
homeothermic vertebrates [32]. In contrast, feeding in starved birds [24] and trouts
[11] stimulates thyroid activity. But dehydration stress failed to alter thyroid activity
(131I uptake rate) in Indian garden lizard, Calotes versicolor [37]. There are other
reports that plasma T3 level is increased in soldiers with combat-related chronic post-
traumatic stress [19] or in organochloride contaminated gulls [39] or hyperthyroidism
following cold stress in rats [38]. Such a differential thyroidal responses to diverse
stress (physiological, physical, chemical or psychological) including those studied in
the present experiments between the turtles or other poikilotherms and some
homeothermic animals could be related to the nature and duration of stress and/or to
the difference in the animal species or adaptation of the animals (poikilotherms and
homeotherms) studied. Nevertheless, in the present experiment, all types of stressors
certainly inhibit thyroid activity in Lissemys turtles like other poikilotherms and most
of the homeothermic animals studied.

Starvation is known to suppress anterior pituitary function in respect of both pitu-
itary and serum TSH concentrations, without any alteration in TRH level in rats [15].
Borst et al. [6] have reported that TSH responses to TRH is decreased in calorie
deprived rats. But Hughes et al. [18] did not find any significant change in TSH
response to TRH following starvation in euthyroid rats. It has been suggested that
suppression of TSH secretion following starvation is mediated, at least in part, by
local pituitary mechanism [7]. Sarkar et al. [30, 31] and Ray et al. [28] suggested that
the inhibition of thyroid activity induced by exogenous melatonin, or reproductive,
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adrenal or insulin hormones could be due to the inhibition of the pituitary TSH
(release) in the Lissemys turtles. Moreover, elevated corticosterone level is known to
decrease thyroid activity through a negative feed-back mechanism originating at
hypothalamus [32]. Adrenal hormones (both medullary and cortical) are known to
respond promptly to stress in mammals [36] and birds [2, 12]. In Lissemys turtles
adrenocortical activity including adrenal and serum corticosterone levels are stimu-
lated following dehydration, salt loading or formalin treatment [27]. Adreno-
medullary hormonal concentrations are also elevated following exposure of temper-
ature stress in soft-shelled turtles [26]. Exogenous adrenomedullary (epinephrine and
norepinephrine) and adrenocortical (corticosterone) hormones have been reported to
inhibit thyroid activity in the same Lissemys turtle species [28]. Corticosterone secre-
tion is regulated by CRF-ACTH axis unlike adrenomedullary and probably thyroid
hormones [22] and the secretions of the latter hormones are presumably controlled
by metabolic activity [4, 22]. Substance P is known to regulate water intake [4].
Thus, its involvement in dehydration stress in Lissemys turtles cannot be ignored.
Nevertheless, in the present study, stress inhibits thyroid activity presumably indi-
rectly via adrenal medulla and/or substance in metabolic stress (starvation and dehy-
dration) and via hypothalamo-hypophysial-adrenocortical axis in non-metabolic
stress (electric shock) in Lissemys turtles. But further work is necessary to confirm
the precise mechanism of action of stress on thyroid activity by investigating the hor-
mal receptors of the thyroid gland, thyroid hormones levels and thyroid hormone
receptors present in the targets of thyroid gland in Lissemys turtles.
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