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CAMERON, D. L. AND A. D. CROCKER. Post-synaptic changes and increased dopamine receptor sensitivity in 
hypothyroid rats. PHARMACOL BIOCHEM BEHAV 28(2) 193-196, 1987.--Hypothyroid rats showed increased be- 
havioural sensitivity to both selective and non-selective dopamine agonists. Ligand binding analysis revealed no differ- 
ences in concentration or affinity of striatal dopamine receptor subtypes in hypothyroid rats. Measurement of striatal 
cAMP levels however, indicated that hypothyroid rats showed a greater increase in cAMP production in response to 
stimulation by dopamine. It is concluded that the changes in behavioural sensitivity observed may be associated with 
alterations in post-synaptic mechanisms. 
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AN understanding of  the alterations in brain function in re- 
sponse to hormonal factors may have important implications 
for understanding the basis of  many neuropsychiatric disor- 
ders. The emergence of schizophrenia-like psychotic symp- 
toms in myxoedematous patients that were abolished when a 
euthyroid state was re-established [1,14] has prompted re- 
search into the interactions between thyroid hormones and 
central neurotransmitter systems. 

Previous work from our laboratory has established that 
there was an increased behavioural responsiveness to the 
mixed D1 and D2 dopamine receptor agonist, apomorphine, 
in hypothyroid rats which was associated with an increase in 
the concentration of striatai D2 receptors [4]. The present 
study was directed at investigating whether these be- 
havioural effects were mediated through D1 and/or D2 
dopamine receptor  subtypes and what receptor  events were 
associated with them. The following questions were ad- 
dressed: does hypothyroidism bring about (1) changes in be- 
havioural sensitivity to the selective D2 dopamine receptor 
agonist LY-171555 and the selective D1 agonist SK&F-  
38393?; (2) changes in the concentration and/or affinity of 
striatal DI and D2 receptor  subtypes?; (3) changes in 
dopamine receptor  coupled adenylate cyclase activity? 

METHOD 

Animals 

Male Sprague-Dawley rats were used for all experiments.  
These animals were housed with free access to food and 
water under conditions of  constant illumination and tempera- 
ture. All treatments and drug challenges took place between 
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0800 and 1200 hours. Animals were also sacrificed during 
this period. 

Thyroid Modification 

Animals were treated daily with either PTU 
(propylthiouracil,  200 mg/kg) or water administered via ga- 
vage for a period of 4 weeks. Thyroid status was monitored 
twice weekly by body temperature measurement and con- 
firmed at the termination of the experiment by assay of 
serum thyroxine (T4) concentration in blood samples taken 
by cardiac puncture, as described previously [4]. 
Hypothyroidism was shown by significant decreases in both 
parameters (Table 1). 

Drugs 

LY-171555 (Lilly), SK&F-38393 (Smith, Kline and 
French) and apomorphine (Sigma) were dissolved in isotonic 
saline and injected subcutaneously into the right flank. 

Behavioural Assessment 

Behaviours were assessed by the fixed interval momen- 
tary sampling method of  Cameron and Crocker [2], in which 
the presence or absence of specific target behaviours are 
recorded at the precise instant of an auditory cue spaced at 3 
second intervals for periods of one minute. The one minute 
observation periods were spaced five minutes apart  at vary- 
ing times after injection depending on the time of  peak effect 
for each drug. This had been ascertained from preliminary 
experiments and is shown on the following page. 
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Each animal was placed in a perspex chamber measuring 
600x300x300 mm situated in a room illuminated only by a 
dim red light where observations of the following target be- 
haviours were made; sniffing, locomotion, grooming, rear- 
ing, vacuous oral movements,  gnawing and licking. These 
target behaviours were chosen as they are known to be 
mediated through striatal areas [6, 8, 16]. 

For  each observation period the number of times a be- 
haviour was recorded as present (out of a maximum of 20) 
was expressed as a percentage of observed behaviour. This 
technique provides ratio level data which is amenable to 
parametric analysis. 

Binding Assay 

At the conclusion of the pharmacological studies animals 
were sacrificed by cervical dislocation, brains removed, and 
striata (caudate-putamen) dissected out and homogenized 
(Polytron, setting 3.5, 15 see) in 10 volumes (w/v) of ice cold 
assay buffer (20 mM 4-morpholinepropanesulfonic acid 
(MOPS), 1 mM EDTA, 0.1% ascorbic acid, 4 mM MgSO4, 19 
mM Tris base, pH 7.2 at 22°C) and stored at -80°C. Binding 
assays were carried out within 7 days of sacrifice. 

Concentrations of both dopamine receptor  subtypes were 
measured in the striata from each animal using [SH]- 
flupenthixol with spiroperidol as the displacing ligand. Both 
subtypes can be resolved using the method described by Lef t  
et al. [9]. Constant amounts of tissue (1 mg/ml) and [3H]- 
flupenthixol (1 nM, 10.2 Ci/mmol New England Nuclear) 
were incubated with varying concentrations of spiroperidol 
(0.03-1000 nM, Jansen) in glass test tubes (18x 150 mm) at 
22°C for 90'. Nonspecific binding was defined using 1 /zM 
(+)-butaclamol (Ayerst). The total volume in each tube was 
made up to 2 ml with the assay buffer described above. This 
reaction was terminated by vacuum filtration and the 
radioactivity retained on Whatman GF/B filters, after 3 x 5 ml 
washes with ice cold buffer (Tris-HCI, pH 7.7), determined 
by liquid scintillation spectrometry.  When [3H]-flupenthixol, 
which has equivalent affinity for both D1 and D2 receptors,  
is competit ively displaced by spiroperidol, a biphasic dis- 
placement curve is obtained due to the 1000-fold selectivity 
of spiroperidol for the D2 receptor [9]. The displacement 
curves resulting from the present experiment were analyzed 
using an extended least squares non-linear curve fitting pro- 
gram, using a general model for l igand-receptor interaction 
according to the law of mass action [7]. In agreement with 
Left  et al. [9], the data obtained from this experiment were 
best described by a two binding site model. Estimates of Kd 
(nM) and Bmax (pmol/g-protein) for spiroperidol at both high 
affinity (D2) and low affinity (D1) sites were subsequently 
obtained. Tissue protein concentrations were determined by 
the method of Lowry et al. [10]. 

Adenylate Cyclase Assay 

Aliquots (50/xl) of striatal homogenates were incubated 
with and without dopamine. Extraction of baseline and 
dopamine stimulated cAMP was carried out using the 
method of Nielsen et al. [12]. The concentration of  baseline 
and stimulated cAMP was determined by competitive 
protein binding assay using a cAMP assay kit (Amersham) 
and expressed,  after protein estimation [10], as pmol 
cAMP/mg protein. Dopamine (0.1 raM) stimulated cAMP 
was calculated by subtracting basal cAMP concentration 
from the concentration of cAMP in incubations containing 

TABLE 1 

VALUES OF SERUM THYROXINE (T4) AND CORE BODY 
TEMPERATURE IN RATS TREATED WITH EITHER PTU OR WATER 

FOR 4 WEEKS PRIOR TO SACRIFICE 

Temperature 
T4 (nmol/l) (°C) 

Group N (mean _+ S.E.M.) (mean _+ S.E.M.) 

Water 7 89.3 ± 3.3 37.9 ± 0.1 
PTU 6 3.3 _+ 0.3* 36.5 _+ 0.1" 

*p<0.001 (U-test). 

Drug 

Observation Time 
(minutes after 

injection) 

Apomorphine 15' 20' 25' 
LY-171555 25' 30' 35' 40' 
SK&F-38393 30' 35' 40' 45' 

dopamine and expressed as percentage of  basal cAMP con- 
centration. 

Data Analysis 

Differences in the incidence of  target behaviours, binding 
data and cAMP concentrations between PTU treated 
animals and controls were analyzed using the Mann-Whitney 
U statistic. This nonparametric method was employed due to 
the sample sizes of the experimental groups. As the data 
obtained was of ratio level in all cases, results are presented 
as mean+standard  error of the mean (S.E.M.).  

RESULTS 

Effi~cts of Apomorphine 

Initially it was confirmed that PTU treated rats were more 
sensitive to the mixed D1/D2 agonist apomorphine (0.5 
/xmol/kg, assessed 20 minutes after injection) showing signif- 
icantly increased sniffing (p<0.01) and locomotor activity 
(p<0.05) than water treated controls (Table 2). No differ- 
ences were observed between groups for any of  the other 
target behaviours. 

Effects of L }I-171555 and SK&F-38393 

Responses to the selective D2 agonist, LY-171555 (0.5 
/xmol/kg), were assessed 35 minutes after injection. Increased 
behavioural sensitivity in the PTU treated rats was shown by 
significantly increased sniffing (p<0.001) and locomotor ac- 
tivity (p<0.05) compared with water treated controls. No 
differences for any of the other target behaviours were ob- 
served. 

Responses to the selective D1 agonist, SK&F-38393 (2.0 
tzmol/kg), assessed 40 minutes after injection, were signifi- 
cantly increased in PTU treated rats as shown by the in- 
creased incidence of vacuous oral movements (p<0.02) 
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TABLE 2 

BEHAVIORAL RESPONSES TO APOMORPHINE, LY-171555 AND 
SK&F-38393 IN ANIMALS TREATED WITH EITHER PTU OR WATER 

% Observed 
Behaviour 

Target (mean _+ 
Drug Behaviour Group N S.E.M.) 

Apomorphine Sniffing Water 8 31.4 _+ 5.3 
PTU 8 66.4 _ 9.5? 

Locomotion Water 8 8.6 _+ 3.2 
PTU 8 17.1 - 2.8* 

LY-171555 Sniffing Water 8 12.9 _+ 3.8 
PTU 8 40.7 _ 6.5? 

Locomotion Water 8 5.0 _+ 3.3 
PTU 8 17.4 -4- 4.1" 

SK&F 38393 Oral Water 8 2.9 _+ 0.6 
Movements PTU 8 12.1 + 3.4* 

*p<0.05, tp<0.01 (U-test). 

compared with water treated controls (Table 2). There were 
no differences between groups for any of the other target 
behaviours. 

[3H]-Flupenthixol Binding 

No significant differences in either affinity (Kd) or con- 
centration (Bmax) were found for either D1 or D2 receptor 
subtype in the striata of PTU treated rats compared with 
water treated controls (Table 3). 

Adenylate Cyclase Assay 

Although no significant differences in baseline cAMP 
concentrations were observed, striatal homogenates from 
PTU treated animals showed a significantly greater increase 
in cAMP concentrations in response to stimulation by 0.1 
mM dopamine (p <0.005) compared to water treated controls 
(Table 4). This latter observation indicates a change in cou- 
pling between dopamine receptor and adenylate cyclase in 
response to altered thyroid state. 

DISCUSSION 

The present findings confirmed our previous observations 
that stereotypic responses to the mixed D1/D2 agonist, 
apomorphine, were enhanced in hypothyroid rats compared 
with euthyroid controls. Further, increased responses to 
both the selective D2 agonist, LY-171555, and the selective 
D1 agonist, SK&F-38393, were found in hypothyroid com- 
pared with euthyroid rats indicating changes in the sensitiv- 
ity of both receptor subtypes. However, ligand binding 
analysis revealed no changes in the concentration or affinity 
of either D1 or D2 receptor subtypes in the hypothyroid 
group from control values. Previously we had shown that in 
rats made hypothyroid by ablation of the thyroid gland with 
iodine-131 ten weeks before, increased behavioural sensitiv- 
ity to apomorphine was associated with an increased concen- 
tration of striatal D2 receptors [4]. In the present and a pre- 

TABLE 3 

CONCENTRATION AND AFFINITY OF STRIATAL D1 AND D2 
DOPAMINE RECEPTORS (MEAN _+ S.E.M.) 

Bmax Kd 
Subtype Group N (pmoi/g protein) (nM) 

D1 Water 6 473.9 _+ 55.9 271.5 _+ 66.4 
PTU 6 428.2 _ 41.5 261.4 _+ 57.9 

D2 Water 8 436.6 _+ 58.3 0.07 _ 0.007 
PTU 6 320.8 _+ 20.0 0.08 _ 0.007 

TABLE 4 
BASELINE AND DOPAMINE STIMULATED cAMP 

CONCENTRATIONS (MEAN - S.E.M.) IN STRIATAL TISSUE 

Baseline +0.1 mM Dopamine 
Group N (pmol cAMP/mg protein) (% baseline increase) 

Water 7 180.2 - 8.45 57.3 _+ 6.9 
PTU 6 169.82 - 13.4 93.2 _+ 6.9* 

*p <0.005 (U-test). 

vious study [3] in which the period of hypothyroidism was 
shorter (3-4 weeks) although behavioural responses to 
apomorphine were significantly increased there was no 
change in dopamine receptor concentration compared with 
euthyroid controls. We have argued [4] that receptor 
changes may only occur when hypothyroidism is maintained 
for a long period and that they may be secondary to changes 
in dopamine synthesis and turnover. 

The present findings of increased behavioural sensitivity 
to both D1 and D2 agonists in the absence of changes in 
receptor concentration and affinity suggest that other mech- 
anisms may underlie the behavioural changes observed in 
hypothyroidism. Since such mechanisms could involve 
changes in second messenger systems and it has been estab- 
lished that D1 and D2 dopamine receptor subtypes exert 
opposite influences on cAMP production [13,15] (i.e., ac- 
tivation of D1 receptors stimulates cAMP production, and 
that of D2 inhibits cAMP production) our present finding that 
there is increased dopamine stimulated cAMP formation in 
hypothyroid rats is of great interest. It may be that changes 
in coupling may precede alterations in receptor concentra- 
tion. The time course of these responses is currently under 
investigation. 

However, the question must also be raised whether this is 
due to an increase in D1 activity or a decrease in D2 activity 
and experiments are in progress to clarify this. 

The previous observation of increased D2 receptor con- 
centration and our current finding of increased DA stimu- 
lated cAMP formation in the striata of hypothyroid rats bear 
striking parallels to data obtained from the post mortem 
brains of schizophrenics. Cross et al. [5] demonstrated sig- 
nificantly increased concentrations of D2 receptors in the 
caudate nuclei from the brains of drug-free schizophrenics 
while Memo et al. [11] showed increased adenylate cyclase 
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act ivi ty  in r e sponse  to D1 r ecep to r  s t imula t ion  in the  same  
bra in  areas .  This ,  t oge the r  with  the  o c c u r r e n c e  of  
m y x o e d e m a  psychos i s ,  m ay  poin t  to some  similar i t ies  be- 
t w e e n  the  pa thophys i o l ogy  of  s c h i z o p h r e n i a  and  the changes  
tak ing  place in the  b ra in  in r e s p o n s e  to hypo t hy r o i d i sm .  

We conc lude  the re fo re ,  tha t  h y p o t h y r o i d i s m  was associ-  
a ted  wi th  inc reased  behav ioura l  sens i t iv i ty  to bo th  D1 and  
D2 r ecep to r  agonis t s  wh ich  may  not  a lways  be a s soc ia ted  
wi th  a change  in r ecep to r  c o n c e n t r a t i o n  or  affinity bu t  was  
a s soc ia ted  with changes  in pos t  r ecep to r  m e c h a n i s m s .  
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