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SUZUKI, T., H. KOHNO, T. SAKURADA, T. TADANO AND K. KISARA. lntracranial injection of thyrotropin 
releasing hormone (TRH) suppresses starvation-induced feeding and drinking in rats. PHARMAC. BIOCHEM. BEHAV. 
17(2) 249-253, 1982.--The sites at which TRH produces suppression on feeding and drinking were examined anatomically 
in the rat brain. This was accomplished by microinjecting nmol concentration of TRH into 6 different brain sites. Intracere- 
broventricular injection of TRH (25, 50, 100 nmol/rat) suppressed starvation-induced feeding and drinking in a dose related 
manner. The microinjection in a small amount of TRH (8 nmoi/hemisphere) into the medial and lateral hypothalamus 
produced relatively severe anorexia and adipsia as compared with the other areas including the nucleus accumbens, the 
substantia nigra, the globus pallidus and the amygdala. It was concluded that the medial hypothalamus is the most sensitive 
site of TRH-induced anorexia and adipsia and the action of TRH on the lateral hypothalamus is also a possible mechanism 
mediating the decrease in water intake. 
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THYROTROPIN releasing hormone (TRH) is a tripeptide 
(pyro-glutamyl-histidyl-prolineamide) originally isolated 
from the hypothalamus [32]. Several recent studies have 
shown that TRH is present not only in the hypothalamus 
tissue, but also it is widely distributed throughout the extra- 
hypothalamic nervous system [6, 13, 16, 28, 37, 38]. TRH 
appears to produce a number of behavioral alterations which 
are not observed after administration of thyroid-stimulating 
hormone (TSH) in animals (reviewed in [23,27]). Many of the 
effects of centrally or peripherally administered TRH appear 
as increases in arousal. Thus, wide phylogenetic and regional 
brain distributions of TRH support the hypothesis that, in 
addition to its role as a hypothalamic hormone, TRH may 
function as a neurotransmitter. Concerning ingestive behav- 
ior, Vijayan and MaCann [34] suggested that TRH may play 
a physiological role in control of food intake. This view point 
was supported by studies indicating that TRH given intra- 
peritoneally and intraventricularly produced a significant re- 
duction of food intake [24,35]. And it appears that TRH 
produces its satiety effect through one of its metabolites, 
histidyl-proline diketopiperazine [25]. However, the specific 
brain site of TRH action on feeding and drinking responses is 
not yet known. Here, we have used intracranial microinjec- 
tion of TRH into specific brain loci in order to identify the 
central substrate mediating TRH-induced anorexia and 
adipsia. 

METHOD 

Animals 

Male Wistar rats, initially weighing 250-300 g, were used. 
All rats were caged singly in a room kept at 20-24°C, with a 
12 hr light, 12 hr dark (lights on 9:00-21:00 hr) environment. 
Surgery was conducted under sodium pentobarbital (50 
mg/kg, IP) anesthesia. 

Microinjection 

In preparation for intracerebroventricular (ICV) injec- 
tions, unilateral 23 ga. stainless steel guide cannulas mod- 
ified hypodermic needle with 27 ga. obdurator were im- 
planted to right lateral ventricle [ 18]. Bilateral guide cannulas 
for intracranial injections, stainless steel tubing with an outer 
and inner diameter of 0.6 and 0.3 mm were implanted 
stereotaxically into six regions according to the atlas of Pel- 
legrino et al. [29], and then guide cannulas were fastened to 
the skull that the tip of the cannulas was 2 mm above the 
intended site of injection. ICV injections were made with an 
injection volume of I 0/xl/animal. Intracranial injections were 
made bilaterally by means of 5/xl micrometer-driver syringe 
(Hamilton) extending 2 mm below the tips of the guide can- 
nula. A 0.2/~1 volume of solution was delivered over 30 sec 
through each cannula (0.4/zl/animal). After the microinjec- 
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FIG. 1. The effect of intracerebroventricular injection of various 
amount of TRH in 20 hr food and water deprived rats. The values are 
mean percentage intake of the amount taken during the 3 previous 
non-drug days. Each value is the mean-+S.E.M, of 5 animals. *Sig- 
nificantly different from Ringer control, p<0.01. A ratio of g/kg of 
food intake to ml/kg of water intake for Ringer control, TRH 25 
nmol, 50 nmol and 100 nmol was 1.6_+0.2, 2.5_+1.3, 1.4_+0.4 and 
7.1-+4.0, respectively. 

tion, 10 sec was allowed to elapse before removal of the 
injection cannula and replacement of the obdurators. 

Behavioral Testing 

Each rat was placed on a daily 4 hr (16:00--20:00 hr) feed- 
ing and drinking schedule following at least a week of the 
postoperative convalescence. After the rats were well 
enough accustomed to the schedule feeding and drinking, the 
administration of TRH dissolved in Ringer's solution or 
Ringer's solution alone was begun. The powdered food 
(CE-2 Nippon Clea Co.) and water were made available to 
rats using glass cup and graduated glass tube, and the 
amount consumed was measured at 30 min after injection. 

Histology 

Prior to sacrifice, animals received bilateral microinjec- 
tion of 0.2% solution of Evans blue dye (5/~l) in order to aid 
localization of injection sites. They were then overdosed 
with urethane, intracardially perfused with a 10% formal- 
saline solution and their brains retained for histological 
examination. Sections were cut on a freezing microtome and 
injection sites plotted on line drawings based on the atlas of 
Pellegrino et al. [29]. 

Statistics 

Food and water intake were measured at 30 rain, 2 hr, 3 hr 
and 4 hr after injection. Drug effects were determined by 
expressing the food intake of each animal on a test day as a 
percentage of the average intake during the 3 previous non- 
drug days. The effect of Ringer's solution was never signifi- 
cant. A significant difference between TRH- and Ringer's 
solution-treated groups was evaluated by Student 's t-test at 
30 min after injection, since the maximum effect of TRH was 
observed at 30 min after ICV injection. 

RESULTS 

ICV Injections o f  TRH 

Control animals administered with 10/xl of Ringer's solu- 
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FIG. 2. Schematic summary of injection sites in the medial hypo- 
thalamus, lateral hypothalamus, nucleus accumbens, substantia 
nigra, globus pallidus and amygdala. Line drawings adapted from 
the atlas of Pellegrino et al. [29]. 

tion into the ventricle exhibited no significant alteration in 
their food or water intake compared with non-treated rats. 
During the first 30 min of the test, ICV injections of TRH 
produced a marked suppression in starvation-induced eating 
and drinking in a dose related manner (Fig. 1). TRH at three 
doses (25, 50 and 100 nmol) was capable of inducing a signifi- 
cant suppression of food or water intake at 30 min. The TRH 
effect on both ingestive behaviors lasted for 3 hr and disap- 
peared at 4 hr. 

lntracranial Injections o f  TRH 

Histological examination revealed that, in most cases, in- 
jection sites were accurately positioned within the desired 
brain sites. However, in several animals, cannulae were 
asymmetrically positioned. The data from these animals 
were discarded from the statistical analyses. Figure 2 illus- 
trates the areas covered by injection within each placement 
group. 

The control rats injected with Ringer's solution intracra- 
nially showed a slight alteration of water intake compared 
with non-treated rats, but a statistically significant difference 
was not observed. The bilateral application of TRH (8 
nmol/hemisphere) into the medial hypothalamic nuclei and 
accumbens nuclei caused a significant suppression in food 
consumption (Fig. 3). The medial hypothalamic nuclei was 
more sensitive to TRH than the accumbens nuclei. TRH into 
the medial hypothalamic nuclei and accumbens nuclei sup- 
pressed food intake for 3 and 2 hours, respectively. How- 
ever, the other areas including lateral hypothalamic areas 
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and substantia nigra proved to be insensitive with 8 
nmol/hemisphere of  TRH. On the other hand, water con- 
sumption was significantly reduced by the application of 
TRH into the medial hypothalamic nuclei, lateral hypotha- 
lamic areas and substantia nigra but not into the accumbens 
nuclei. In the time course observation, the injection of  TRH 
into the medial hypothalamic nuclei, lateral hypothalamic 
area and substantia nigra produced a suppression of  water  
intake for 2 hr, 1 hr and 30 min, respectively.  A significant 
reduction was not observed following the injection of  TRH 
into the globus pallidus and amygdala on ingestive behavior 
(Table 1). 

D I S C U S S I O N  

The present experiments demonstrate that the adminis- 
tration of  TRH into the lateral ventricle and brain tissues can 
produce a decrease in starvation-induced feeding and drink- 
ing. These effects produced by administration of  TRH into 
the lateral ventricle, or medial hypothalamic nuclei and ac- 
cumbens nuclei were not of  brief duration, lasting for 3 
hours. A relatively long duration of  action of TRH on inges- 
tive measures is inconsistent with the brief duration of  the 
analeptic action of  TRH against pentobarbital  and alcohol 
narcosis [3, 4, 8, 20]. However ,  the inhibitory peak time was 
observed approximately within 30 min. Previous studies 
have indicated that many actions of  TRH are not the result of 
an activation of  the pituitary-thyroid axis [4,30]. Systemi- 
cally administered TRH increased TRH content in plasma 
significantly, while even a high dose of  thyroid-stimulating 
hormone administered to food-deprived rats had no signifi- 
cant effects of  food ingestion. Therefore, they suggested that 
the release of TSH was not responsible for the action of TRH 
to reduce food intake [35]. 

The present data indicates that ICV injection of  TRH 
suppressed both eating and drinking in a dose related man- 
ner. This confirmed the previous studies showing that intra- 
peritoneally, ICV or intra-third ventricularly administered 
TRH reduced food intake [34,35]. In addition to an action of  
TRH on food-deprived rats, Morley and Levine have re- 
cently reported that TRH injected ICV and parenterally sup- 
pressed mild tail-pinch inducing eating [24]. Our results 
would be in line with the view that this anorectic action of 
TRH is central in origin. 

High concentrations of TRH are found in several hypo- 
thalamic nuclei, particularly in the ventromedial nucleus, a 
region known to be involved in control of  food intake and the 
site of  the so-called satiety center [6,37]. And destruction of 
this area leads to hyperphagia as has been described firstly 
by Brobeck et al.  [5] and since then by many others [14]. 
Though the inhibitory or facilitatory action of  iontophoreti-  
caUy applied TRH on various neurons was known [26, 31, 
39], Ishibashi et  al. [15] have recently reported facilitatory 
effects on glucoreceptive neurons in the ventromedial hypo- 
thalamus following the application of TRH. The present re- 
sults show that the most sensitive brain site was the medial 
hypothalamus. The evidence supporting their suggestion that 
the anorectic action of  TRH might be produced mainly by 
facilitation of  glucoreceptor neurons in the ventromedial hy- 
pothalamus, or several data including immunohistochemical 
[ 12,13], chromatographic identification of TRH in the medial 
hypothalamic region [40] and the demonstration of  calcium- 
dependent release of immunoreactive TRH from medial hy- 
pothalamic synaptosomes in the presence of elevated potas- 
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FIG. 3. The effects of bilateral injections of TRH (8 nmol/hemis- 
phere) to the six different regions of the brain in 20 hr food and water 
deprived rats. The values are mean percentage intake of the amount 
taken during the 3 previous non-drug days. Each value is the 
mean_S.E.M, of 4--7 animals. *Significantly different from Ringer 
solution, p<0.01. **Significantly different from Ringer control, 
p<0.05. A: Medial hypothalamus, B: Lateral hypothalamus, C: 
Nucleus accumbens, D: Substantia nigra, E: Globus pallidus, F: 
Amygdala. A ratio of g/kg of food intake to ml/kg of water intake for 
the Ringer control and TRH (8 nmol/hemisphere) was 2.4±0.4, 
7.3---2.4 in the medial hypothalamus, 1.0±0.2, 4.4___ 1.8 in the lateral 
hypothalamus, 1.3_+0.2, 1.2_+0.1 in the nucleus accumbens, 
1.1___0.1, 2.3___0.5 in the substantia nigra, 1.6___0.2, 2.7±0.6 in the 
globus pallidus and 1.6___0.3, 6.8___2.7 in the amygdala. 
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T A B L E  1 

FOOD AND WATER INTAKE AT 30 MIN, 1 HR, 2 HR, 3 HR and 4 HR AFTER INTRACEREBROVENTRICULAR AND INTRACRANIAL 
INJECTIONS OF TRH IN 20 HR FOOD AND WATER DEPRIVED RATS 

Food Intake (g) Water Intake (g) 

30 min 1 hr 2 hr 3 hr 4 hr 30 min 1 hr 2 hr 3 hr 4 hr 

ICV injection 
Ringer (5) 5.2-+0.3 7.9-+0.5 10.9-+0.7 14.0-+0.7 16.6-+0.7 3.6-+0.4 7.7-+0.5 12.5-+0.4 16.0-+0.5 18.0-+0.6 
TRH 25 nmol/rat (5) 3.3-+0.5 5.9-+0.7 8.5-+0.9 11.3-+0.4 13.4-+1.1 2.5-+0.6 6.1-+1.0 10.2-+1.1 13.1-+1.2 16.2-+1.7 
TRH 50 nmol/rat (5) 2.2-+0.3 3.1-+0.5 6.5-+0.3 10.9-+0.3 13.9-+0.8 1.6-+ 1.0 3.5-+0.5 9.0-+0.6 12.8-+1.0 16.5-+1.1 
TRH 100 nmol/rat (5) 1.5-+0.3 2.7-+0.3 5.9-+0.5 10.7-+0.9 14.4-+0.6 0.7-+0.4 2.9-+0.9 8.0-+0.9 11.9-+0.8 16.6-+1.0 

Intracranial injection 
(8 nmol/hemisphere) 
Medial hypothalamus 

Ringer (7) 3.4-+0.3 6.7-+0.3 9.9-+0.4 12.3-+0.6 13.9-+0.9 2.0-+0.4 5.2-+0.7 9.5-+0.5 12.3-+0.8 14.7-+ 1.5 
TRH (7) 1.1-+0.2 2.6-+0.4 5 .9-+0.8 9.5+1.1 12.2-+1.6 0.3-+0.1 2.6-+0.4 7.2-+0.9 12.1-+1.4 14.8-+1.9 

Lateral hypothalamus 
Ringer (5) 2.3-+0.6 4.2-+0.8 6 .7-+0.8 8.3-+0.4 11.1-+0.7 2.4-+0.3 4.9-+0.6 8.9-+0.5 12.0-+0.5 15.1-+0.4 
TRH (5) 1.4-+0.3 3.0-+0.4 6 .3-+0.6  9.4-+0.8 12.1-+0.8 0.6-+0.2 3.2-+0.5 7.7-+0.6 12.8-+0.8 16.7-+0.9 

Nucleus accumbens 
Ringer (7) 3.2-+0.3 5.9-+0.4 9.2-+0.6 11.7-+0.7 14.8-+0.8 1.9-+0.3 3.5-+0.3 11.8-+0.6 16.1-+0.7 20.6-+0.9 
TRH (7) 2.0-+0.5 3.8-+0.6 7.5-+0.6 10.8-+1.1 12.8-+1.7 1.8-+0.5 5.2-+0.7 10.3-+1.0 14.6-+1.0 17.2-+1.5 

Substantia nigra 
Ringer (7) 3.1-+0.2 5.6-+0.2 8.3-+0.5 11.2-+0.9 13.8-+1.1 2.9-+0.2 6.1-+0.5 10.8-+0.4 15.0-+0.6 18.5-+0.7 
TRH (7) 2.5-+0.3 4.5-+0.5 8.1-+0.2 11.7-+0.4 14.0-+0.8 1.4-+0.3 5.0-+0.5 10.2-+0.7 15.1-+0.7 18.3-+0.7 

Globus pallidus 
Ringer (4) 3.3-+0.5 5.8-+0.7 8.6-+0.7 11.5-+1.0 14.4-+1.5 2.1-+0.1 4.8-+0.7 9.8-+0.8 14.4-+1.1 18.2-+1.7 
TRH (4) 3.4-+0.5 5.8-+0.6 8.6-+0.7 11.1-+0.3 14.8-+0.8 1.4-+0.2 5.0-+0.7 9.7-+0.8 14.2-+0.6 18.4-+1.1 

Amygdala 
Ringer (6) 3.1-+0.3 5.5-+0.4 9.8-+0.4 10.9-+1.0 13.2-+1.5 2.3-+0.4 5.4-+0.8 10.8-+0.4 14.6-+0.8 18.8-+1.8 
TRH (6) 3.1-+0.2 5.7-+0.2 9.3-+0.6 12.7-+0.7 15.5-+0.6 1.2-+0.5 4.0-+0.4 10.2-+0.8 15.2-+0.8 20.1-+1.0 

The number in parentheses next to treatment group refers to the number of animals per group. 

s ium c o n c e n t r a t i o n  [33]. M i y a m o t o  and  N a g a w a  have  re- 
cent ly  d e m o n s t r a t e d  [21] tha t  sniffing, g rooming  and  preen-  
ing may  be  med ia t ed  via  the  ac t ion  o f  T R H  on bo th  the  
meso l imbic  and  nigro-s t r ia ta l  d o p a m i n e  sys tem,  s ince  these  
b e h a v i o r s  occu r r ed  wi th  b o t h  pe r iphe ra l  in jec t ion  of  T R H  
and in t r a -cauda te  and  i n t r a - a c c u m b e n s  in jec t ion  o f  TRH.  It  
is also r epo r t ed  tha t  les ions  in the  nucle i  a c c u m b e n s  sept i  
p r o d u c e d  t r ans i en t  inc rease  in food  in take  wi thou t  affect ing 
wa te r  c o n s u m p t i o n  [ 19]. In the  p r e s en t  repor t ,  we also found  
tha t  the  in jec t ion  of  T R H  into the  nuc leus  a c c u m b e n s  re- 
sul ted in a s ignif icant  supp re s s ion  of  food  intake.  A n d  this  
was  suppo r t ed  by  the  r epo r t  [7] tha t  the  g rea tes t  concen t r a -  
t ion  o f  high-aff ini ty  T RH - b i nd i ng  s i tes  in ca l f  and  sheep  
ex t r a -hypo tha l amic  bra in  t i ssue  was  loca ted  in the  nuc leus  
a c c u m b e n s  and  sep tum.  F r o m  these  resul ts ,  it s eems  ev iden t  
tha t  nuc leus  a c c u m b e n s  is re la ted  to suppres s ive  effect  of  
T R H  on  food  in take  wi th  the  a p p e a r a n c e  of  severa l  behav-  
iors.  

I t  has  b e e n  s h o w n  tha t  the  la tera l  h y p o t h a l a m u s  plays  an 
i m p o r t a n t  role  in control l ing  w a t e r  in take  [1, 9, 10]. Les ions  
o f  this  region o f  the  b ra in  p r oduce  ad ips ia  and  s t imula t ion ,  
e i the r  e lec t r ica l  or  chemica l ,  elicits dr inking  [2, 11, 22]. The  

in jec t ion  o f  T R H  into the  media l  and  la tera l  h y p o t h a l a m u s  
p r o d u c e d  a supp re s s ion  of  wa te r  inges t ion  of  the  same  mag- 
n i tude  as tha t  seen  in food in take .  

As  in the  inves t iga t ions  of  T R H - i n d u c e d  shak ing  [36] and  
T R H  a n t a g o n i s m  of  pen toba rb i t a l - i nduced  narcos i s  [4,17], 
we found  tha t  the  mos t  sens i t ive  cen t ra l  site of  ac t ion  for  
anorec t i c  and  adipsic  r e s p o n s e s  e v o k e d  by  T R H  can  be  lo- 
ca l ized  to more  media l  b ra in  regions .  La te ra l  m o v e m e n t  of  
the  in jec t ion  si te  away  f rom the  media l  h y p o t h a l a m u s  and  
into the  la tera l  h y p o t h a l a m u s  caused  a d rama t i c  r educ t ion  in 
the  anorec t i c  e f fec t iveness  of  T R H  but  no t  its adipsic  effec- 
t iveness .  The  resu l t  t ha t  the  la tera l  h y p o t h a l a m u s  was  mos t  
sens i t ive  to T R H  in dr inking  b e h a v i o r  is an  excep t ion .  

In s u m m a r y ,  this  s tudy  p rov ides  ev idence  a l lowing the  
fo rma t ion  o f  the  conc lus ions .  Firs t ly ,  da ta  are p r e sen t ed  
d e m o n s t r a t i n g  the  h igh sens i t iv i ty  of  the  media l  hypo tha -  
lamic  a rea  to T R H  in a n o r e x i a  and  adipsia .  Second ly ,  the  
fact  tha t  behav io r s  could  be  el ic i ted wi th  a small  a m o u n t  of  
T R H  (8 n m o l / h e m i s p h e r e )  suppor t s  the  hypo thes i s  tha t  T R H  
may  have  a n e u r o t r a n s m i t t e r  or  neu romodu la to r - l i ke  func-  
t ion in the  cen t ra l  n e r v o u s  sys tem.  
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