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Abstract OBJECTIVES: This study was undertaken to investigate the effects of 
hypovolemic and hypertonic treatments on plasma vasopressin (AVP) 
levels and fl uid balance in thyroidectomy-induced hypothyroidism in the 
rat. The infl uence of hypothyroidism on AVP responsiveness to hyper-
tonic and hypovolemic stimuli were compared. 
MATERIALS & METHODS: Adult male rats were divided into two 
groups. The rats were surgically thyroidectomized (hypothyroid) or 
sham-operated (euthyroid). Two weeks later these groups were further 
divided in three subgroups each containing six rats. The fi rst subgroup 
consisted of unchallenged rats. The second group underwent hypovole-
mic treatment by using I.P. 700 mg polyethylene glycol. The third sub-
group consisted of hypertonic (1.5 M NaCl; 1 ml/100 g) stimulated ani-
mals. All rats were decapitated and trunk blood collected in heparinized 
tubes. Plasma samples were stored at -20°C until assayed. Plasma AVP, 
T3 and T4 levels were measured by radioimmunoassay. Hematocrit 
values and plasma Na and K concentrations were also determined.
RESULTS: In the hypothyroid rats, hypovolemic treatment signifi cantly 
reduced the expected increases in plasma AVP levels (p<0.05) com-
pared to the respective intact animals. In the hypertonic group, similar 
increases occurred in plasma AVP levels of hypothyroid and euthyroid 
rats. Hematocrit values and plasma Na concentrations were not signifi -
cantly different in the hypothyroid rats compared to euthyroid rats. 
CONCLUSION: In conclusion, thyroidectomy-induced hypothyroidism 
may affect AVP response to hypovolemic stimulus although it has no 
important effect on basal AVP levels nor AVP response to hypertonic 
stimulus.
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Introduction

Vasopressin (AVP) is released from nerve ter-
minals of magnocellular neurones in the neurohy-
pophysis, and also from parvocellular neurones in the 
median eminence [1]. Its release is primarily deter-
mined by changes in plasma osmolality [2, 3]. This 
mechanism ensures the regulation of water balance 
and the maintenance of plasma solute concentration 
such that an increase in plasma osmolality results in 
an increased release of AVP from the posterior pitui-
tary [4]. Consequently, more water is reabsorbed from 
the collecting ducts as a result of AVP’s action on the 
kidney (via V2 receptors) and the plasma osmolality 
falls. A second pathway involved in the control of AVP 
secretion concerns changes in blood volume. This vol-
umetric control mechanism is regulated by volume 
receptors (V1 receptors) located in the cardiovascu-
lar system [1]. AVP response to both hypertonic and 
hypovolemic stimuli may be modulated by some endo-
crine mechanisms [4, 5].

Even though it is suggested that hyper- and hypo-
thyroid rats exhibit hyper and hypo-responsiveness 
of AVP secretion to osmotic stimuli, respectively 
[6], there are contradictory reports regarding the 
putative effects of the thyroid hormones, triiodothy-
ronine (T3) and thyroxine (T4), on plasma osmolal-
ity and fl uid balance [7, 8, 9]. Capacity of the kidney 
to concentrate urine does not develop normally in 
congenital hypothyroid rats, although their vaso-
pressinergic axis responds [7]. Parallel increases in 
thyrotropin (TSH) and AVP levels in hypothyroidism 
have been taken to implicate that this neurohypo-
physeal hormone may function as TSH [10, 11]. In 
propylthiuracil (PTU, a specifi c inhibitor of type-I 
deiodinase) induced hypothyroid rats, vasopression 
mRNA levels are increased in the suprooptic and 
paraventricular nucleus of the hypothalamus [12]. 
However, it has been suggested that thyroidectomy 
has no effect on AVP mRNA levels in the hypothala-
mus [13]. Inhibitory effects of AVP on TSH have also 
been proposed in vitro [10].

It has been reported that thyroparathyroidec-
tomy causes reduction in glomerular fi ltration, acid 
excretion and number of proximal tubular cells 
[9]. Administration of PTU resulted in signifi cant 
decreases in plasma AVP levels and number of AVP 
receptors in the kidney and liver [14].

In our previous study [15], hypertonic treatment 
signifi cantly reduced the expected increases in 
plasma AVP levels compared to the respective con-
trol animals in the PTU-induced hypothyroid rats. In 
the unchallenged and hypovolemic groups, decreases 
in plasma AVP levels were not found to be statisti-
cally signifi cant. So, in that study, it was concluded 

that PTU-induced hypothyroidism may affect AVP 
response to hypertonic stimulus rather than hypo-
volemic stimulus. 

In the present study, we have investigated the 
effects of hypovolemic and hypertonic treatments on 
plasma AVP levels and fl uid balance in surgically thy-
roidectomy-induced hypothyroidism in the rat. The 
effects of hypothyroidism on AVP responsiveness to 
hypertonic and hypovolemic stimuli were compared.

Materials and methods

Adult male Wistar rats (Firat University Biomedical 
Unit, Elazig, Turkey) weighing 240–300 g were main-
tained under controlled temperature (21±1°C) and light 
conditions (lights on between 07.00 h and 19.00 h). Food 
and water were supplied ad libitum. The animals were 
divided into two groups each containing 18 rats. Group 
I was sham-operated. The animals in group II were 
surgically thyroidectomized and the parathyroids were 
implanted into the sternocleidomastoid muscle. After a 
period of two weeks, both groups were further divided 
in three subgroups each containing six rats. The fi rst 
subgroup consisted of unchallenged rats. I.P. 700 mg 
polyethylene glycol (Mr 4000/kg body weight in 0.15 M 
NaCl/1; Sigma Chemical Co., Dorset, UK) was used 
for hypovolemic treatment. The third subgroup con-
sisted of hypertonic stimulated animals with 1.5 M 
NaCl (1 ml/100 g).  All animals were decapitated follow-
ing hypertonic (15 mins) and hypovolemic (60 mins) 
manipulation between 09.00-10.00 hrs in the morn-
ing. Trunk blood samples (5.5-6 ml) were collected 
in heparinized tubes. They were centrifuged (3000 
r.p.m.) for 10 minutes, and plasma was transferred into 
fresh tubes. Plasma samples were stored at -20°C until 
assayed.

Heparinized capillary tubes were used to collect 
another series of blood samples for hematocrit meas-
urement. They were centrifuged at 10.000 r.p.m. for 
fi ve minutes and then values at the hematocrit scale 
were read. Plasma Na and K levels were determined 
by using an auto analyser (Ciba Corning Express 
Auto Analyser I.S.E.).

Plasma AVP levels were measured by radioim-
munoassay (RIA) by using arginine AVP reagents 
(Diagnostic Systems Laboratories Inc, Kent, UK). 
The method for AVP extraction and assay has been 
detailed elsewhere [16]. RIA also determined  total 
triiodotronin (T3) and tyroxin (T4) levels. Rea-
gents for the T3 and T4 assays were obtained from 
Johnson&Johnson Clinical Diagnostics Ltd. (Amer-
sham, UK). Details of the method have been previ-
ously reported [17].

The results were statistically analyzed by One-
Way ANOVA (MINITAB, release 10 for Windows). 
The level of signifi cance was set at p<0.05.
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Results

In the thyroidectomy-induced hypothy-
roid rats, hypovolemic treatment signifi -
cantly reduced the expected plasma AVP 
levels (p<0.001) compared to the respec-
tive euthyroid animals (Fig. 1). In the 
hypertonic group, there was no signifi cant 
difference between plasma AVP concentra-
tions of hypothyroid and euthyroid rats 
(Fig. 1). In the unchallenged group, plasma 
AVP levels were similar in hypothyroid and 
euthyroid rats. 

Hematocrit values and plasma sodium 
(Na) concentrations were signifi cantly 
altered in the hypothyroid rats following 
hypovolemic and hypertonic treatments, 
respectively compared to the unchallenged 
group (Table 1). Although plasma potassium 
(K) concentrations were not signifi cantly 
altered in the unchallenged group, they were 
signifi cantly reduced in the hypovolemic and 
hypertonic subgroups (Table 1). 

Total plasma T3 and T4 levels were sig-
nifi cantly decreased (P<0.001) in thyroid-
ectomy-induced hypothyroid rats (Table 
1). At the end of the experiments, body 
weights were determined and no signifi -
cant changes were observed between the 
groups (Table 1).

Discussion

In this study, the changes in hematocrit 
values and plasma Na concentrations show 
that hypovolemic and hypertonic manipula-
tions were effective. The fact that there are 
not any signifi cant changes in hematocrit 

and plasma sodium levels between the groups shows a similar 
decrease in blood volume and increase in hypertonicity in the 
challenged groups. Effi cacy of thyroidectomy in inducing 
hypothyroidism was evaluated with the marked decreases in 
plasma levels of the thyroid hormones.

Hypothyroidism is known to affect fl uid-homeostasis since it 
has been associated with abnormalities in renal water han-
dling [18, 19]. However, the mechanisms by which hypothy-
roidism produces such effects are currently unknown. It may 
be caused by an alteration in the plasma AVP-osmolality rela-
tionship [18]. Recently an indirect role has been attributed to 
AVP in this process [19].

                                             Unchallenged                  Hypovolemic                   Hypertonic
                                Sham-Tx                Tx        Sham-Tx                 Tx        Sham-Tx               Tx
 Body  weight (gr)      230.0±4.1     232.5±4.1      230.0±4.7       226.7±3.8      232.5±4.4    221.7±5.6
 Hematocrit (%)          37.7±0.8       33.7±1.7        50.8±0.9        48.3±1.5        39.2±0.7      38.2±1.2
 Plasma Na (mmol/lt)  139.7±2.5     137.2±3.8      138.0±3.9       145.8±3.7      146.1±4.4    150.3±5.8
 Plasma K (mmol/lt)       6.5±0.9         6.0±0.3         7.2±0.3          5.4±0.2          5.8±0.2       4.5±0.3 
 Total T3 (ng/dl)        40.7±10.3       10.6±1.9       32.7±1.6     13.04±1.94        29.8±7.5       9.7±1.5 
 Total T4 (mg/dl)         2.06±0.6         0.9±0.4        3.4±0.4       1.14±0.37          2.1±0.9       0.7±0.3 

Table 1. Plasma T3, T4, Na, K concentrations, hematocrit values and body weights in sham-operated 
and thyroidectomy-induced hypothyroid rats following hypovolemic, hypertonic stimuli and in the unchal-
lenged group. a: p<0.0001, b: p<0.001, c: p<0.05 compared to respective sham-operated-animals 
using One-Way ANOVA.

Fig. 1. Plasma AVP levels (Mean+SEM) in sham-operated and surgically 
thyroidectomized rats following hypovolemic, hypertonic stimuli and in the 
unchallenged group. * p<0.001 compared to sham-operated group.

          

                                                                              

                                                                                                         a                                   b
                                                               c                                     b                                  b
                                                               c                                     c                                    c 



38

Rasim Mogulkoç, Osman Dogru, A. Kasim Baltaci, Bayram Yilmaz and Haluk Kelestimur

    REFERENCES
   
 1 Laycock J, Wise P. Essential endocrinology. Oxford, Tokyo, New 

York: Oxford University Press, 1996. p. 65–73.
 2 Bisset GW, Chowdrey HS. Control of release of vasopressin by neu-

roendocrine refl exes. Quarterly J Exp Physiol 1988; 73:811–872.
 3 Bourque CW, Oilet SR. Osmoreceptors in the central nervous system. 

Annu Rev Physiol 1997; 59:601–619.
 4 Forsling ML, Stoughton R, Kelestimur H, Kostoglou-Athanassiu I, 

Demaine C. Release of vasopressin in response to altered plasma 
volume and sodium concentrations following pinealectomy in the 
rat. J Pineal Res 1996; 20:211–216.

 5 Forsling ML, Kelestimur H, Windle R. The infl uence of reproduc-
tive status on vasopressin release in the rat. J Endocrinol 1991; 
130:387–393.

 6 Vargas F, Baz MJ, DE D Luna J, Andrade J, Jodar E, Haro 
JM. Urinary excretion of digoxin-like immunoreactive factor and 
arginine-vasopressin in hyper- and hypothyroid rats. Clin Sci 1991; 
81:471–476.

 7 Ali M, Rougon RG, Clos J. Response of the hypothalamo neurohypo-
physeal axis (AVP system) and the kidney to salt load in young pro-
pylthiouracil-treated rats. Horm Metabol Res 1985; 17:502–506.

 8 Ali M, Guillon G, Clos J. Comparative study of collecting tubules 
and vasopressin binding capacity in renal medulla of developing 
hypothyroid rat. J Developmental Physiol 1988; 15:297–307.

 9 Koechlin N, Elalouf JM, Kaissling B, Roinel N, Rouffi gnac C. A Struc-
tural Study of the Rat Proximal and Distal Nephron: Effect of Peptide 
and Thyroid Hormones. Am J Physiol 1989; 256:F814-F822.

10 Childs GV, Yang HY, Tobin RB, Wilber JF. Effect of Thyroidectomy, 
Propylthiouracil and Thyroxine on Pituitary Content and Immunocy-
tochemical Staining of Thyrotropin (TSH) and Thyrotropin Releasing 
Hormone (TRH). J Histochem & Cytochem 1981; 29:357–363.

11 Lumpkin MD, Samson WK, McCann SM. Arginine vasopressin as a 
Thyrotropin-Releasing Hormone. Science 1987; 235:1070–1072.

12 Carter DA, Pardy K, Murphy D. Regulation of vasopressin gene 
expression: changes in the level, but not the size, of vasopressin 
mRNA following endocrine manipulations. Cell & Mol Neurobiol 
1993; 13:87–95.

13 Ceccatelli S, Giardino L, Calza L. Response of hypothalamic peptide 
mRNAs to thyroidectomy. Neuroendocrinol 1992; 56:694–703.

14 Ali M, Guillon G, Cantau B, Balestre MN, Chicot D, Clos J. A compar-
ative study of plasma vasopressin levels and V1 and V2 vasopressin 
receptor properties in congenital hypothyroid rat under thyroxine 
or vasopressin therapy. Horm Metabol Res 1987; 19:624–628.

15 Mogulkoc R, Baltaci AK, Yilmaz B, Kelestimur H. Infl uence of hypo-
volemic and hypertonic treatments on plasma vasopressin levels 
and fl uid balance in the propylthiouracil induced hypothyroid rat. 
Neuroendocrinol Lett 1999; 20:311–314.

16 Yalow R, Berson S. Introduction and general considerations. In: 
Odell WD, Daughaday WH, editors. Principles of competetive pro-
tein binding assays. Philadelphia: JB Lippincott Co; 1971. p 
1–19.

17 Evered DC, Clark F, Petersen VB. Thyroid function in euthyroid 
subjects with autonomous thyroid nodules. Clin Endocrinol 1974; 
3:149–154.

18 Howard RL, Summer S, Rossi N, Kim JK, Schrier RW. Short-term 
hypothyroidism and vasopressin gene expression in the rat. Am J 
Kidney Dis 1992; 19:573–577.

19 Toni R, Mosca S, Ruggeri F, Valmori A, Orlandi G, Toni G, et al. Effect 
of hypothyroidism on vasoactive intestinal polypeptide-immuno-
reactive neurons in forebrain-neurohypophysial nuclei or the rat 
brain. Brain Res 1995; 682:101–105.

20 Thomas A, Kim NB, Amico JA. Thyroidectomy does not alter 
hypothalamic oxytocin and vasopressin expression in chronically 
hypernatremic rats. Life Sci 1995; 57:403–410.

21 Yonemura K, Furuya R, Oki Y, Matsushima H, Ohishi K, Hishida 
A. Impaired water excretion in a hyponatremic patient following 
thyroidectomy: causal role of glucocorticoid defi ciency. Miner Elec-
trolyte Metab 1998; 24:341–347.

   
   
   

In the present study, as a new fi nding, thyroidec-
tomy-induced hypothyroidism not only suppressed an 
increase in plasma AVP levels in response to hypo-
volemic stimulus but also prevented completely the 
response to hypovolemic stimulus in contrast to 
the previously reported fi ndings [15]. PTU-induced-
hypothyroidism did not bring about a signifi cant 
increase in plasma levels in response to hypertonic 
stimulus whereas it produced a signifi cant increase in 
plasma AVP levels in response to hypovolemic stimu-
lus. The different response in AVP secretion to hypo-
volemic and hypertonic stimuli in PTU or thyroid-
ectomy-induced rats is to be determined. It can be 
suggested that PTU may itself cause a decrease cen-
trally or peripherally in the sensitivity of the neuroen-
docrine refl ex controlling AVP secretion osmotically 
whereas thyroid hormones may have an effect only 
in the regulation of volume control. This hypothesis 
needs to be confi rmed by further studies. 

Our fi nding that thyroidectomy did not alter AVP 
response in response to hypertonic stimulus is con-
sistent with the results of a previous study [20] 
where thyroidectomy did not alter hypothalamic 
AVP expression in chronically hypernatremic males 
although signifi cant increases in paraventricular 
(PVN) AVP mRNA were found in hypothyroid rats 
receiving hypertonic stimulus. 

Even though some studies have provided indirect 
evidence for the interaction of AVP release and 
the thyroid function, no conclusive work has been 
reported. Yonemura et al. [21] have suggested that 
disturbance in plasma AVP regulation results from 
an altered glucocorticoid metabolism following thy-
roidectomy since hyponatremia did not suppress 
plasma concentrations of AVP, and hypernatremia 
did not increase plasma concentration of vasopressin. 
Contrarily, the present study has shown that hyper-
natremia brought about increases in plasma AVP 
levels in the thyroidectomy-induced hypothyroidism. 
Because in our study hyponatremia following thy-
roidectomy did not occur, any alteration in glucocor-
ticoid metabolism, which prevented AVP response to 
hypertonic stimulus, can be ruled out. 

In conclusion, although thyroidectomy does not 
statistically change basal AVP levels, it may affect 
AVP response to hypovolemic stimulus. The mech-
anism by which thyroidectomy manipulates AVP 
response to hypovolemia is unclear. Also, the impor-
tance of this result needs further studies. 
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