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1982.--Possible neuroanatomical loci and the mode of action of thyrotropin-releasing hormone (TRH) or its analog, 
y-butyrolactonc--/-carbonyl-histidyl-prolinamide citrate (DN-1417). in reducing the pentobarbital-induced sleeping time 
were investigated by using an intracerebral microinjection technique in rats. Intravenous, intraperitoneal or intracerebro- 
ventricular (ICV) injection of TRH or DN-1417 produced a dose-related reduction of the sleeping time induced by pen- 
tobarbital. TRH or DN-1417 given into the posterior hypothalamic regions including the dorsal premammillary nucleus, 
lateral hypothalamic area and posterior nucleus of hypothalamus had a significant pentobarbital sleep shortening action in 
low doses. Injection of these peptides into the dorsomedial nucleus of thalamus, mesencephalic reticular formation, medial 
septal nucleus or hiptm~campus was also effective, in comparatively low doses. However. higher doses were required to 
elicit the effect when the injections were made into the nucleus accumbens, lateral preoptic area or caudate nucleus. In this 
respect, the parietal cortex was insensitive to TRH or DN-1417. The pentobarbital sleep shorterning action of TRH or 
DN-1417 iniected peripherally or into the hypothalamic regions was markedly antagonized by ICV or intrahypothalamic 
pretreatment with atropine methyl bromide. On the contrary, ICV injection of atropine methyl bromide had a weak or no 
antagonizing action tm the effect of TRH injected ICV or into the reticular formation, medial septal nucleus or hippocam- 
pus. These results suggest that Ix~ssible neuroanatomical sites mediating the pcntobarbital sleep shortening action of TRH or  
DN-1417 may be posterior hypothalamic regions, dorsomedial nucleus of thalamus, reticular formation, medial septal 
nucleus or hippocampus. A cholinergic mechanism may also be involved in the effect of TRH on the hypothalamus. 
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T H Y R O T R O P I N - r e l e a s i n g  hormone  (TRH) is a hypotha-  
lamic factor which releases thyrotropin and prolactin from 
the anter ior  pituitary. However ,  the rad io immunohis tochem-  
ical studies provided ev idence  that T R H  is widely distr ibuted 
in the ex t rahypotha lamic  brain tissues of  mammals  [7,27] 
and even in the head or  o ther  neural t issues of  some in- 
f ramammals  lacking the pituitary or  thyrotropin [5,8]. These  
findings suggest that T R H  may have played some role in 
neurotransmiss ion,  phyrogenet ical ly  antecedent  to the ac- 
quisition of  its endocr ine  function. In support  to this con- 
cept,  the peptide was pharmacological ly  shown to have a 
number  of  central  ne rwms system effects independent  o f  its 
hypophysio t ropic  action, such as behavioral  exci tat ions.  
potentiat ion of  DOPA-induced  exci tat ion and antagonism of 
various central  depressants  [I,  3,231. 

Invo lvement  of  cholinergic mechan isms  and the septal 
region in antagonism of  T R H  on pentobarbi ta l - induced sleep 
has also been implicated [I,  10, I1, 19]. The present study 
was an at tempt  to acquire  detailed information on possible 
neuroanatomical  loci and the mode of  action in antagonism 

of  pentobarbi ta l - induced sleep in rats. The effects of  a TRH 
analog, y-butyrolactone-y-carbonyl-histidyl-prolinamide cit- 
rate (DN-1417) were also examined.  

M I.,THOD 

Animals 

Male Sprague-Dawley (JcI:SD) rats weighing 240-330 g. 
7-9 weeks  old, were  housed in group cages in a 
temperature-  and light-controlled room (22_+2°C, a 12-hr il- 
lumination starting at 7:00 a.m.),  and were  maintained on 
labora tory-chow and tap-water ,  ad lib, except  during the ex- 
per iments  which were performed be tween  9:00 a.m. and 
6:00 p.m. 

Implantation o/" Guide ('annulae 

Rats (weighing 280-330 g, 8--9 weeks  old) were  
anesthet ized with sodium pentobarbi tal  (50 mg/kg IPI and 
fixed on a David Kopf  s tereotaxic  instrument.  Stainless steel 
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T A B L E  1 

S T E R E O T A X I C  C O O R D I N A T E S  O F  I N J E C T I O N  S I T E S  

Stereotaxic coordinates 

Injection site A I, H 

Mesencephalic reticular 1.0 1.5 -2.5 
formation 

Dorsal premammillary nucleus 4.6 0.4 3.5 
Lateral hypothalamic area 4.6 1.8 3.2 
Posterior nucleus of 4.6 0.4 2.8 

hypothalamus 
Dorsomedial nucleus of 4.4 1.0 (1.5 

thalamus 
Hippocampus 3.2 2.5 2.0 
Lateral preoptic area 7.6 2.5 -2.0 
Medial septal nucleus 7.8 0.0 0.8 
l,ateral septal nucleus 7.4 0.7 1.8 
Nucleus accumbens 9.4 1.5 0.2 
Caudate nucleus-Putamen 8.2 3.0 1.5 
Parietal cortex 7.0 3.0 5.2 
Lateral cerebral ventricle 5.2 2.0 3.2 

Coordinates are from the rat brain atlas of Pellegrino and 
Cushman 121]. 

A 11.4 A 11.2 A 7.11 A 7.I A 7.4 

\ 

FIG. I. Diagrams representing the locations of the cannulae tips for 
intracerebral injection, according to the atlas of Pellegrino and 
Cushman [22]. Only the unilateral sites are shown here from the 
histological data obtained from 60 rats. Abbreviations: RF: 
mesencephalic reticular formation; PMD: dorsal premammillary 
nucleus; I,HA: lateral hypothalamic area; PH: posterior nucleus of 
hylx)thalamus; MD: dorsomedial nucleus of thalamus; HPC: hip- 
pocampus; POA: lateral preoptic area; MS: medial septal nucleus; 
LS: lateral septal nucleus; ACB: nucleus accumbens; CPU: caudate 
nucleus-Putamen: PC: parietal cortex. 

guide cannulae (23 gauge, 0.63 mm outer  and 0.33 mm inner 
diameters)  were  inserted into var ious brain regions through a 
small burr  hole on the skull, according to the atlas of  Pelle- 
grino and Cushman [22]. In order to avoid the sagittal sinus, 
an angle of  10 ° to the mid sagittal plane was employed  for the 
implantat ion into the dorsal premammil lary  nucleus,  
poster ior  nucleus of  hypothalamus,  medial septal nucleus 
and lateral septal nucleus.  Guide cannulae were  lowered to a 
point of  1.5 mm above  the injection sites, whereas ,  in case of  
the parietal cor tex ,  lowered to 1 mm above  the injection site. 
The  cannulae were anchored  to the skull with screws and 
acrylic dental  cement .  When not in use, the cannulae were  
occ luded  with stainless steel stylets. The  rats were used two 
or  three t imes at intervals of  at least 5 days after a 7-day 
recovery  period from surgery. 

Measure,tent ~f Sh, eping Time 

After  each rat had been given sodium pentobarbi tal  (40 
mg/kg) intraperi toneal ly,  T R H ,  DN-1417, dopamine (DA) or  
carbachol  was injected peripherally or  intracerebral ly 10 min 
after onset  o f  the loss of  righting reflex. Sleeping t ime was 
taken as the t ime from the t ime of  drug injection until the 
righting reflex had been spontaneous ly  regained.  Percent 
shortening was calculated by the following formula:  
[ l - ( s l e e p i n g  t ime in drug-treated group/sleeping time in con- 
trol group) l×  100. 

Drugs and l)rug Injection 

The following drugs were used: T R H  (L-pyroglutamyl-  
L-his t idyl-L-prol inamide L-tar trate  monohydra te ,  Takeda) ,  
DN-1417 I ~/-but yrolactone-y-carbonyl-  L-histidyl- l,-prolina - 
mide citrate, Takeda), dopamine hydrochloride (DA, Tokyo 
Kasei). sodium pentobarbital (Mintal ~, Tanabe),  carbamyl- 
choline chloride (carbachol, Tokyo  Kasei), atropine sulfate 
(Merck) ,  a t ropine  methyl  b romide  ( ' l ' ropin ~', Takeda) ,  

mecamylamine  hydrochlor ide (Sigma), pimozide (Orap 'x. 
Fujisawa),  ~4C-DN-1417 (specific activity,  9.8 mCi/mmol ,  
Takeda)  and 2-deoxy-D- '4C-glucose (specific activity.  50-56 
mCi/mmol,  N e w  England Nuclear  Corp.).  Pimozide was 
suspended in a 5% gum arabic solution, and the o ther  drugs 
were dissolved in physiological  saline. The doses are ex- 
pressed in terms of  the salts given above.  

Intracerebral  injection was made by means of  a micro- 
syringe with a 30 gauge needle (0.31 mm outer  and 0.13 
mm inner diameters) ,  which was extended ! or  1.5 mm below 
the tip of  the guide cannulae.  The s tereotaxic  coordinates  of  
injection sites are shown in Table 1. The injection volume 
was 0.5 ~1 on each side except  for 10/zl for the intracerebro- 
ventr icular  (ICV) injection. Infusion rates of  drug were 0.5 
p,I/30 sec for intracerebral  injection and I p,I/sec for ICV 
injection, respect ively .  The volume for peripheral adminis- 
tration was 0.2 ml/100 g body weight.  Control  rats were given 
an equal  vo lume of  saline. Doses shown in the microinject ion 
studies refer to amounts  on each side. 

Autoradiographic lnvestigatio, of DiJ.']'usion of  I~('-DN-1417 

Using an autoradiographic technique,  diffusion of  
~C-DN-1417 injected ICV or into the lateral hypothalamic 
area was determined,  because the radioact ivi ty of  :~H-TRH 
was too low for detect ion.  J4C-DN-1417 was applied ICV 
(0.68 p, Ci/25 ~g/10/~1) or into the lateral hypothalamic area 
(0.34 ~Ci / I .25 ,ug/0.5 ~xl) unilaterally or  bilaterally, respec- 
tively. In case of  the lateral hypothalamic area injection, 
2-dcoxy-HC-glucose (10 /~Ci/0.3 ml/rat) was given intrave- 
nously 15 min before ~~C-DN-1417 injection in order  to 
clarify the outline of  the brain structures.  The rat was decapi-  
tated 15 min after ~4C-DN-1417 injection,  and the brain was 
immediate ly  frozen in liquid N.,-chilled Freon XII maintained 
at - 65°C. The brain was fixed to object-holders  by means of  
matrix M I (Lipshaw Manufacturing Co.)  and then sect ioned 
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T A B L E  2 

EFFECTS OF SYSTEMIC AND ICY INJECTION OF TRH OR DN-1417 ON 
PENTOBARBITAL-INDUCED SLEEP IN RATS 

Sleeping time MED 
Drug Dose Route (rain, Mean±SE) '74 Shortening (/xg)~: 

Saline - -  IV 44.3 "_ 3.3 - -  (8) 
Tartaric acid 1.4 mg/kg§ IV 50.1 ± 3.9 - 13. I (7) 
TRH 0.5 mg/kg IV 39.6 ± 1.7 10.6 (8) 250 

I mg/kg IV 30.5 ± 2.6 31.2 + (8) 
2 mg/kg IV 28.1 +_ 2.0 36.6 + (8) 
5 mg/kg IV 25.1 _' 2.1 43.3 + ~8) 

Saline - -  IV 43.1 _- 1.2 - -  (7) 
Citric acid 1.7 mg/kg§ IV 45.7 -_ 3.2 -6 .0  (7) 
DN-1417 0.2 m~/kg IV 39.9 _+ 5.1 7.6 {7) 125 

0.5 mg/kg IV 34.8 ": 2.1 19.3- (8) 
1 mg/kg IV 31.0 _+ 2.6 28.3 + (7) 
5 mg/kg IV 25.4 ",- 1.8 47.7 ~, (8) 

Saline - -  IP 43.5 _+ 3.7 - -  18) 
Tartaric acid 5.6 mg/kg§ 1P 46.8 ± 3.9 -7 .6  (6) 
TRH 5 mg/kg IP 35.4 _~ 2.6 18.6 18) 250~) 

10 mg/kg IP 28.5 ~_ 2.7 34.5t ~8) 
20 mg/kg IP 22.8 +_ 1.5 47.7+ 18) 

Saline - -  ICV 64.1 ~- 2.7 - -  ~7) 
Tartaric acid I 1.3/xg.~ ICV 69.5 + 3.6 - 8.4 (6) 
TRH 5 /.tg ICV 62.3 4- 3.7 2.8 (7) 20 

20 ~g ICV 47.7 ~- 5.6 25.6* (6) 
40/xg ICV 38.3 • 3.5 40.2," (6) 

Saline - -  ICV 63.4 _- 3.8 - -  17) 
Citric acid 1.7 p.g§ ICV 65.0 ~ 3.8 2.5 (7) 
DN-1417 0.2#g ICV 54.9 _+ 4.8 13.4 17) 1 

I ~g ICV 47.9 ~ 3.9 24.4* 17) 
5 p.g ICV 38.6 ± 3.7 39. I + (8) 

Drugs were administered 10 min after the loss of righting reflex. 
Number of rats is shown in parentheses. 
*p<0.05. +p.~0.01 compared with saline control, 
-Minimum effective dose per rat. 
§Since "['RH and DN-1417 were used as tartrate and citrate, respectively, effects of these 

acids in cquimolar doses to the maximum doses of TRH and DN-1417 were also tested for 
reference. 

into slices 20/xm in th ickness  in a c ryos ta t  (A. O. Cryocut ,  
Amer ican  Optical  Co,) mainta ined at -21°C.  Autoradio-  
graphs  were  prepared  from these  sec t ions  direct ly in the 
X-ray casse t t e  with a Kodak s ingle-coated blue sensi t ive 
Medical  X-ray film (Tyep SB-5). After  exposure  for 1 week 
in a dark room,  the film was deve loped  with an automat ic  
deve lope r  (Fuji X-ray P roces so r  RN). 

Histology 

At the end o f  the expe r imen t s ,  the rats were  anes the t i zed  
with 50 mg/kg IP of  sodium pentobarbi ta l ,  and perfused  with 
30 ml of  saline following 50 ml of iIY~ formalin solution 
through the left cardiac ventricle.  The brains were  r emoved  
and kept in 10c/~ formalin solution for at least 7 days  and 
then sec t ioned to verify the site o f  injection (Fig. 1). 

Statistics 

Statistical compar i sons  be tween  different  t r ea tments  
were  made using S tuden t ' s  t - tes t  ( two-tailed).  

RESULTS 

EJJi, cts o f  Systemic or ICV ln k'ction o f  TRIt or DN- 1417 on 
Pentobarbital-lnduced Sleep in Rats 

In t ravenous  (0.2-5 mg/kg) or intraperi toneal  (5-20 mg/kg) 
adminis t ra t ion  of  TRH produced  a dose- re la ted  reduct ion  of  
pentobarbi ta l  (40 mg/kg IP)-induced sleep in rats. A TRH 
analog, DN-1417 given in t ravenously  showed  similar pen- 
tobarbital  s leep shor tening  act ion and the effect  was about 
twice as potent  as TRH.  Both TRH and DN-1417 injected 
ICV also p roduced  significant ant ipentobarbi ta l  effects ,  and 
the effect  o f  DN-1417 was much more  potent  than that of  
TRH.  The salt cons t i tuen ts  o f  TRH and DN-1417, tartaric 
acid and citric acid had no effect  ('Fable 2). 

Lffects a f  lntracerehral Injections o f  TRII and DN-1417 on 
Pentobarbital-lnduced Sleep in Rats 

Effects  o f  in t racerebral  inject ions of  TRH on pentobarbi -  
tal s leep are shown in "Fable 3. TRH given into the pos ter ior  
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T A B L E  3 

EFFECTS OF TRH INJECTED INTO VARIOUS BRAIN SITES ON 
PENTOBARBITAI . - INDUCED SLEEP IN RATS 

In j ec t i on  D o s e  S l e e p i n g  t ime  M E D  
si te  D r u g  (/xg):[: (min .  Mean_+SE)  % S h o r t e n i n g  (tzg)§ 

D o r s a l  Sa l ine  - -  64 .7  _+ 2 .7  - -  

p r e m a m m i l l a r y  T a r t a r i c  1.4qJ 62 .2  ± 3 .0  3 .9  

n u c l e u s  ac id  
T R H  0.1 64.3  ± 6 .4  0 .6  

I 49.5  -+ 5.3 23.5* 

5 43 .3  _+ 4.3 33. I t  

L a t e r a l  Sa l ine  - -  47 .0  _+ 2.7 - -  

h y p o t h a l a m i c  T a r t a r i c  5 .6¶  41.3  ± 2.(I 12.1 

a r e a  ac id  

T R H  1 37 .0  _+ 3 .9  21.3 
5 33 .9  -~ 3.7 27.9* 

20 16.0 ± 0 .6  66.0,* 

P o s t e r i o r  Sa l i ne  - -  78 .4  +_ 2.7 - -  

n u c l e u s  o f  T R H  1 66.1 ± 5.3 15.7 

h y p o t h a l a m u s  5 42 .6  _+ 4 .2  45 .7  + 

20 36.3 _* 4.1 53.7~ 

D o r s o m e d i a l  Sa l ine  - -  75 .4  ± 3.3 - -  

n u c l e u s  o f  T R H  I 65 .4  ± 4 .6  13.3 

t h a l a m u s  5 58.5  ± 3.3 22.4* 

20 50.8  ± 4 .9  3 2 . 6 t  

M e s e n c e p h a l i c  Sa l ine  - -  47 .0  -'- 2 .6  - -  

r e t i c u l a r  T R H  1 40.3  .± 3.5 14.3 

f o r m a t i o n  5 32 .0  ± 2. I 31.9'* 

20 30 .0  ± 3.5 3 6 . 2 -  

M e d i a l  s ep t a l  Sa l ine  - -  75 .5  ± 3 .6  - -  

n u c l e u s  T R H  I 76 .7  ± 4 .4  1.6 

5 57 .0  :'- 4 .9  24.5* 

2(I 53.2 _+ 3.8 2 9 . 5 t  

H i p p o c a m p u s  Sa l i ne  - -  67 .6  ± 2 .6  - -  

T R H  1 63.3  _+ 6 .6  6 .4  

5 54.3  ± 5.1 19.7"  

20 44 .9  ± 5 .9  33.6+ 

N u c l e u s  Sa l ine  - -  47 .8  ± 1.7 - -  

a c c u m b e n s  T R H  5 42 .5  ± 2 .8  I 1.1 

20 35.5 ± 2.4 25.7+ 

L a t e r a l  Sa l i ne  - -  55.1 ± 2.9 - -  

s e p t a l  T R H  5 42 .9  +_ 5 .6  22.1 
n u c l e u s  20 35 .6  ± 3.5 3 5 . 4 t  

C a u d a t e  Sa l ine  - -  47 .4  ± 2.3 - -  

n u c l e u s  " I R H  20 40 .6  + 3 .0  14.7 

P u t a m e n  50 39.8  ± 1.9 16.4" 

L a t e r a l  Sa l ine  - -  67 .0  ± 5 .9  - -  
p r e o p t i c  a r e a  T R H  50 48 .3  + 7.7 27 .9  

Pa r i e t a l  Sa l ine  - -  56 .9  ± 3.5 - -  

c o r t e x  T R H  50 48 .5  ± 3.5 14.8 

(10) 
(61 

(6) 
(6) 
(61 

(7) 
(6) 

(71 
(7) 
(61 

(8) 
(71 
(7) 
(71 

(8) 
(8) 
(8) 
(8) 

(7) 
(61 
(7) 
(6) 

(6) 
(6) 
(6) 
(61 

(7) 
(61 
(6) 
(7) 

(8) 
(6) 
(8} 

(81 
(7) 
(7) 

(8) 
(71 
(8) 

(8) 
(6) 

I0) 
(8) 

20 

20 

50 

D r u g s  w e r e  i n j e c t e d  l0  min  a f t c r  the  los s  o f  r i gh t ing  re f lex .  
* p < 0 . 0 5 .  - p < 0 . 0 1  c o m p a r e d  wi th  sa l ine  c o n t r o l .  
N u m b e r  o f  r a t s  is s h o w n  in p a r e n t h e s e s .  
$ U n i l a t e r a l  d o s e ,  a l t h o u g h  d r u g s  w e r e  i n j ec t ed  b i l a t e r a l l y  in to  the  b r a i n  regnons  o t h e r  t h a n  

the  m e d i a l  s ep t a l  n u c l e u s .  
§ M i n i m u m  e f f ec t i ve  d o s e  ( u n i l a t e r a l  dose ) .  
¶ E q u i m o l a r  d o s e  to  the  m a x i m u m  d o s e  o f  T R H  used .  
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hypothalamic regions including the dorsal premammillary 
nucleus, lateral hypothalamic area and posterior nucleus of 
hypothalamus had a significant pentobarbital sleep shorten- 
ing action in low doses (1-5 p,g). Microinjection into the 
dorsomedial  nucleus of thalamus, mesencephalic reticular 
formation, medial septal nucleus or hippocampus also re- 
duced the pentobarbital-induced sleep, in comparatively low 
doses. Similar applications of DN-1417 into these brain re- 
gions also produced profound antipentobarbital effects in 
very low doses (0.02-0. I ~g), and the effects were particu- 
larly marked in cases of injection into the posterior hypotha- 
lamic regions (Table 4). In contrast,  when given into the 
nucleus accumbens,  lateral septal nucleus, caudate-putamen 
or lateral preoptic area, the action of TRH or DN-1417 was 
less potent, since high doses of these peptides were required 
to evoke the effect. Furthermore.  TRH or DN-1417 injected 
into the parietal cortex had no effect, even at high doses. 
Microinjection of tartaric acid or citric acid into the dorsal 
premammillary nucleus or lateral hypothalamic area 
produced no significant changes in the pentobarbital-induced 
sleeping time. 

The effect of DA applied ICV or intracerebrally on 
pentobarbital-induced sleep was also studied. Fifty and 100 
tzg of DA injected ICV causes a dose-related potentiation of 
pentobarbital-induced sleep and the effect of a higher dose of 
DA was significant (72.4-+4.0 min compared with 47.4-+2.3 
rain in saline control). Injection of DA into the lateral hypo- 
thalamic area, dorsomedial nucleus of thalamus, reticular 
formation or nucleus accumbens tended to potentiate the 
pentobarbital-induced sleep rather than to reduce it. Only 
intracaudate injection of DA had a significant shortening ac- 
tion, at high doses: the sleeping time in cases of the saline 
control and in 50 p_g and 100 p,g of DA was 47.4-+2.3, 
34.3-+3.5. 30.8~-4.3 min, respectively. 

('holinergic Involvement in Pentoharhital Sleep Shortening 
A~tion Induced by TRlt  or DN-1417 

"Fable 5 shows that effects of anticholinergic drugs and a 
DA receptor  blocker on TRH- or DN-1417-induced pen- 
tobarbital sleep shortening action. Antipentobarbital action 
of TRH (20 mg/kg IP) or DN-1417 (5 mg/kg IV) was markedly 
antagonized by ICV pretreatment with atropine methyl 
bromide (20/xg) which produced no significant changes in 
pentobarbital sleep per se. However,  a similar ICV applica- 
tion of atropine methyl bromide had no significant inhibitory 
action on the effect of TRH injected ICV. The shortening 
action of  TRH given IP was markedly attenuated by sys- 
temic administration of mecamylamine but not by systemic 
administration of atropine, even at high doses. Pimozide did 
not affect the TRH action. 

Effects of intracerebral pretreatment with atropine and 
atropine methyl bromide on the activity of TRH (20 mg/kg 
IP) were also investigated. The shortening action was signifi- 
cantly suppressed by pretreatment with atropine or atropine 
methyl bromide into the posterior hypothalamic regions, in- 
cluding the dorsal premammillary nucleus and lateral hypo- 
thalamic area (Fig. 21. However,  a similar application into 
the reticular formation did not alter the effect of TRH. 

Pentobarbital sleep reducing action of TRH (10 p,g) 
applied into the lateral hypothalamic area was significantly 
inhibited by pretreatment with 5 ~g of  atropine or atropine 
methyl bromide into the same site, and the inhibitory action 
of atropine methyl bromide was more potent than that of 
atropine (Fig. 3). On the other hand, the effect of TRH in- 

jected into the reticular formation in a dose of 10 Izg was not 
or only slightly affected by the 5/,tg of atropine or atropine 
methyl bromide injected earlier. ICV injection of atropine 
methyl bromide, however, partially antagonized the effect of 
TRH injected into the reticular formation. Similar partial 
antagonizing action by atropine methyl bromide was also 
observed on the effect of TRH (20 p,g) applied into the medial 
septal nucleus. However,  intrahippocampal injection of 
TRH (20 p,g) caused a marked pcntobarbital sleep reducing 
action in rats pretreated with atropine methyl bromide, such 
as was seen in rats pretreated with saline (Fig. 3). 

l~ffi, cts o f  lntra('erebral Injection o f  ('arbachol on 
Pentobarbital-lnduced Sleep in Rats 

Table 6 shows the effects of carbachol applied 
intracerebrally on pentobarbital-induced sleep. When I ,~g of 
carbachol was injected into the posterior hypothalamic re- 
gions including the dorsal premammillary nucleus, lateral 
hypothalamic area and posterior nucleus of hypothalamus, a 
marked pentobarbital sleep shortening action was elicited. 
On the other hand, cholinergic stimulation of the reticular 
formation with carbachol potentiated rather than reduced, 
pentobarbital-induced sleep in doses 1-5 p,g. Furthermore,  
when microinjected into the hippocampus or medial septal 
nucleus, carbachol did not produce a significant shortening 
action. The pentobarbital sleep reducing action of carbachol 
applied into the posterior nucleus of hypothalamus was 
markedly antagonized by pretreatment with atropine methyl 
bromide (5 tzg) injected into the same site. 

l)([J'usion o f  I'~('-1)N-1417 in the Brain 

Using an autoradiographic technique, we observed the 
diffusion of ~~C-DN-1417 given into the lateral hypothalamic 
area or ICV. As shown in Fig. 4. when ~C-DN-1417 (0.034 
izCi/1.25 ~g/0.5 ~1) was injected into the lateral hypothalamic 
area, the highest density of grains in the autoradiographs was 
present in the lateral hypothalamic area. A moderate density 
was also found in the ventral thalamic regions. Figure 5 is a 
typical autoradiograph representing diffusion of ~4C-DN- 
1417 (0.68 #Ci/25 /zg/10 ~1) at 15 min after the application 
into the lateral ICV. The highest density of grains was found 
in the periventricular structures including the septal regions, 
hippocampus, central gray substance, etc. In the hypothala- 
mus, medial areas around the third ventricle showed a rela- 
tively high density. 

DISCUSSION 

Systemic administration of TRH shortened pen- 
tobarbital-induced sleep in rats, thus supporting data in 
the literature [1,24]. When TRH was given ICV, similar ef- 
fects were produced. A TRH analog, I)N-1417 also pos- 
sessed antipentobarbital action, as previously described in 
the case of mice [4,17]. 

In the case of intracerebral injections, the sensitive sites 
to TRH or DN-1417 in the antipentobarbital action were the 
posterior hypothalamic regions including the dorsal pre- 
mammillary nucleus, lateral hypothalamic area and posterior 
nucleus of hypothalamus. Application of TRH or DN-1417 
into the dorsomedial  nucleus of thalamus, reticular forma- 
tion, medial septal nucleus or hippocampus also had a signif- 
icant action, in comparatively low doses. In contrast,  the 
nucleus accumbens,  lateral septal nucleus, caudate nucleus 
or lateral preoptic area was insensitive to TRH or DN-1417. 
Microinjection into the parietal cortex did not affect the 
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T A B L E  4 

EFFECTS OF 11N-1417 INJECTED INTO VARIOUS BRAIN SITES ON 
PENTOBARBITAL-INDUCED SLEEP IN RATS 

In jec t ion  Dose  S l eep ing  t ime  M E D  
s i te  Drug  (/zg):l: (min,  Mean  _+ SEI  % S h o r t e n i n g  (ttg)§ 

I ,a tera l  Sa l ine  

h y p o t h a l a m i c  Ci t r ic  ac id  

a rea  DN- 1417 

Dorsa l  Sa l ine  
p r e m a m m i l l a r y  Ci t r ic  acid 

n u c l e u s  DN-1417 

D o r s o m e d i a l  Sa l ine  

nuc l eus  of  DN-1417 
t h a l a m u s  

M e s e n c e p h a l i c  Sa l ine  
r e t i cu l a r  DN- 1417 

f o r m a t i o n  

Med ia l  sep ta l  Sa l ine  

n u c l e u s  DN-1417 

H i p p o c a m p u s  Sa l ine  
DN-1417 

N u c l e u s  Sa l ine  
a c c u m b e n s  DN- 1417 

La t e r a l  Sa l ine  
p reop t i c  a rea  DN-1417 

C a u d a t e  Sa l ine  
nuc l eus  DN-1417 

P u t a m e n  

Par ie ta l  Sa l ine  

c o r t e x  DN-1417 

- -  66.2 _+ 5.4 - -  (61 
0.035¶ 67.7 _+ 3.3 - 2 . 3  (7) 

0.004 54.11 _+ 4.3 18.4 161 11.02 

11.112 43.3 + 4.5 34 .6 t  16) 
11.1 37.0 + 5.6 44.17 (6) 

- -  76.6 _+. 3.8 - -  (6) 
(I.(135¶ 79.3 ± 4.8 - 4 . 6  (6) 

0.004 63.5 ± 5.6 16.8 (6) 0.(12 

0.02 55.2 -+ 3.1 27.6 + (6) 

0.1 49.5 ± 5.8 35.4 + 161 

- -  75.4 _+ 3.3 - -  (8) 

0.(D4 67.3 _+ 5.6 10.7 (8) 0.02 
0.02 60.5 _+ 3. I 19.8* (8) 

0.1 49.5 ± 5.8 34.3* (8) 

- -  64.4 _+ 4.7 - -  (7) 

0.02 59.0 _+ 6.0 8.7 16) 0.1 

0.1 44.0 ' 3.5 31.9"C7) 

0.5 42.8 -+ 3.7 33.7-  (6) 

- -  8 5 . 1  ± 3 . 5  - -  (71 

0.02 75.9 ± 4.2 10.2 171 0.1 
0.1 66.3 -+ 4.1 22.1 + (7) 

11.5 56.7 -+ 4.6 33.4 + 171 

- -  69.6 + 5.4 - -  (7) 
0.112 60.6 _+ 4.7 12.9 (7) II.I 

0.1 46.7 _± 3.9 32.9* (7) 

11.5 43.7 ± 3.8 37.2 + (8) 

- -  71.9 _~ 5.2 - -  ( 8 )  

0.1 62.6_+ 6.1 12.9 (7) [1.1 

(1.5 56.6 -+ 4.0 21.3" 161 
2 53.5 -+ 4.6 27.0* 171 

- -  7 5 . [ )  -+ 4.3 - -  ( 7 )  

0.1 65.2 -+ 8.0 13.1 [61 [).5 

0.5 56.0 ± 5.1 25.3* (6) 
2 53.5 -+ 4.6 27.7* (6) 

- -  62.9 +- 6.0 - -  ~7) 

0.5 53.5 ± 2.3 15.0 (6) 2 

2 45.5 ± 3.5 27.7* (6) 

- -  75.6 t 4.3 - -  (7) 

2 70.7 ± 4.5 6.5 (7) - -  

Drugs  w e r e  in jec ted  10 min a f te r  the loss  of  r igh t ing  reflex.  
* p < 0 . 0 5 ,  t p < 0 . 0 1  c o m p a r e d  wi th  sa l ine  con t ro l .  
N u m b e r  of  ra t s  is s h o w n  in p a r e n t h e s e s .  
CUni la te ra l  dose .  a l t h o u g h  d rugs  w e r e  in jec ted  b i l a t e ra l ly  into the bra in  reg ions  o the r  than  the 

med ia l  s ep ta l  nuc leus .  
§ M i n i m u m  e f fec t ive  d o s e  (un i la te ra l  dose) .  
¶ E q u i m o l a r  d o s e  to the m a x i m u m  d o s e  of  DN-1417 used.  
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T A B L E  5 

EFFECTS OF SYSTEMIC OR ICV INJECTION OF DRUGS ON PENTOBARBITAL SLEEP SHORTENING ACTION OF 
TRH OR DN-1417 GIVEN PERIPHERALLY OR ICV TO RATS 
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Pretreatment  
Dose Sleeping time 

Drug Dose Route Drug (mg/kg) Route (rain, Mean _+ SE) % Shortening 

Saline - -  ICV Saline - -  IP 74.8 _+ 4.2 - -  (10) 

Saline - -  ICV TRH 20 IP 49.8 +_ 4.3 34.0+ (10 )  

ATMB 20/~.g ICV Saline - -  IP 70.7 _+ 3.0 - -  (10 )  

ATMB 20/~g ICV TRH 20 IP 64.2 -,- 3.2 9.2 (10) 

Saline - -  ICV Saline - -  IV 65.6 = 3.7 - -  (7)  

Saline - -  ICV DN-1417 5 IV 38.0 _+ 2.7 42.1t (7) 

ATMB 20 ~zg ICV Saline - -  IV 63.3 _+ 4.9 - -  (7) 
ATMB 20/xg ICV DN-1417 5 IV 54.7 _+ 7.2 14.6 (6) 

Saline - -  IP Saline - -  IP 46.8 _+ 5.0 - -  (8)  

Saline - -  IP TRH 20 IP 29.1 +_ 3.0  37.8~ (8) 

AT 10 mg/kg IP Saline - -  IP 52.6 _+ 2.5 - -  (7) 

AT 10 mg/kg IP TRH 20 IP 40.9 _+ 4.0 22.2* (7) 

AT 20 mg/kg IP Saline - -  IP 66.3 +_ 3.9 - -  (8)  

AT 20 mg/kg IP TRH 20 IP 46.6 _+. 4.8 29.7+ (8) 

MCA 10 mg/kg IP Saline - -  IP 59.6 _+ 5.4 - -  (7)  

MCA 10 mg/kg IP TRH 20 IP 53.6 _+ 5.3 10.3 (7) 

Saline - -  ICV Saline - -  ICV 76.2 _+ 6.1 - -  (6) 

Saline - -  ICV TRH 20 ICV 49.0 _+ 4.2 35.7t (7) 
ATMB 20 ~tg ICV Saline - -  ICV 79.2 _+ 5.4 - -  (6) 

ATMB 20/xg ICV TRH 20 ICV 54.0 _+ 3.8 30.8~ (6) 

Saline - -  IP Saline - -  IP 44.6 _+ 2.5 - -  (8) 

Saline - -  IP TRH 20 IP 27.4 _+ 3.8 38.6t (8) 

Pimozide 0.5 mg/kg IP Saline - -  IP 46.9 _+ 2.1 - -  (8) 
Pimozide 0.5 mg/kg IP TRH 20 IP 28.5 _+ 2.9 39.2 (8) 

Atropine methyl  bromide (ATMB) was pretreated ICV 5 min before pentobarbi tal  administrat ion.  
Mecamylamine  (MCA), atropine (AT) and pimozide were pretreated peripheral ly 15 min, 30 min and 4 hr before 
pentobarbi tal  adminis t ra t ion,  respect ively.  TRH and DN-1417 were given 10 rain after the loss of righting reflex. 

Number  of rats is shown in parentheses .  
*p<0.05,  tp<0 .01  compared with respect ive  saline control.  

1 
PretrqMtmenl DOSe o' ~o O+ / ,i. 5hocten,t~g 
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FIG. 2. Effects of intracerebral  injection of anticholinergic drugs on 
reduct ion of pentobarbi tal  s leep induced by TRH (20 mg/kg IP) in 
rats. Atropine (AT) and atropine methyl  bromide (ATMB) were pre- 
trcatcd 5 rain before pentobarbi ta l  adminis t ra t ion and TRH was 
given l0 rain after the loss of righting reflex. *p<0.05,  **p<0.01 
compared with saline control.  AT and ATMB produced no signifi- 
cant changes sleeping time p e r  se. Abbreviat ions:  [+HA: lateral  hy- 
pothalamic area: RE: mesencephal ic  ret icular  formation:  MS: me- 
dial septal  nucleus:  HPC: hipl:x~campus. 

Pret reatment  No of | % Shor ten ing  

Drug Dose(}Jg) [ n j  sRe rats 1 1 "  10 20 30 40 50 

- • 7 . . . .  ~.?~] • • 
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AT ~o R F S !--  ~ ~,:~l"" 

FIG. 3. Effects of intracerebral  or ICV injection of ant icholinergic 
drugs on pentobarbi tal  sleep reducing action of TRH injected 
intraccrebral ly  in rats. Atropine (AT) and atropine methyl  hromidc 
(ATMB) were pretreated 5 min before pentobarbi tal  adminis t ra t ion,  
and TRH was injected 10 min after the loss of righting reflex. 
*p<0.05,  **p<0.01 compared with saline control.  AT and ATMB 
produced no significant changes in sleeping time p e r  s e .  Abbre- 
viations:  PMD: dorsal  premammil lary  nucleus:  LHA: lateral hypo- 
thalamic area: RF: mesencephal ic  ret icular  formation. 
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FIG. 4. Autoradiograph representing diffusion of "C-DN-1417 in- 
jected into the lateral hypothalamic area. ~C-DN-1417 (0.034 
~Ci/1.25 ,u,g/0.5/,d) and 2-deoxy-'4C-glucose ( 10/.tCi/0.3 ml/rat. IV) 
were injected 15 and 30 rain before the decapitation, respectively. 
Abbreviations: LHA: lateral hypothalamic area; VTR: ventral 
thalamic regions. 

T A B L E  6 
EFFECTS OF INTRACEREBRAI ,  INJECTION OF CARBACHOI .  ON 

PENTOBARBITAI . - INDUCED SI ,EEP IN RATS 

Sleeping time 
Dose Injection (min. 74 

Drug (p.g) site Mean _+ SE) Shortening 

Saline - -  I,HA 55.1 ± 3.5 - -  (7) 
Carbachol 1 LHA 36.6 _+ 3.7 33.6- (7) 
Saline - -  PMD 67.7 _-_ 5.2 - -  (61 
Carbachol 1 PMD 42.9 + 4.5 36.6+ (7) 
Saline - -  PH 89.0 _-_ 7.3 - -  (8) 
Carbachol I PH 46.8 ÷ 5.0 47.7, (91 

Saline - -  RF 61.8 ~- 2.7 - -  (8) 
Carbachol 0.2 RF 55.8 = 2.3 9.7 (6) 

I RF 73.7 + 5.0 -19.8" (6) 
5 RF 102.0 _+ 5.8 65.0 + (6) 

Saline - -  HPC 82.4 ± 5.4 - -  (8) 
Carbachol 1 HPC 74.0 ±_ 6.3 10.2 191 

5 HPC 67.8 + 3.8 17.7 (6) 
Saline - -  MS 79.2 + 4.7 - -  (6) 
Carbachol I MS 79.8 +_ 5.8 -(1.8 (6) 

Carbachol was injected 10 rain after the loss of righting reflex. 
Number of rats is shown in parentheses. 
*p<0.05, -p<0.01 compared with saline control. 
Antipentobarbital effect of carbachol (1 ~gl injected into the 

posterior nucleus of hypothalamus was markedly antagonized by 
pretreatment with atropine methyl bromide (5 ~gJ into the same site: 
the sleeping times in saline- and carbachol-treated groups were 
93.6 ± 4.9 and 85.7 -* 6.5 rain, respectively. 

Abbreviations: I,HA: lateral hylx~thalamic area; PMD: dorsal 
premamillary nucleus; PH: posterior nucleus of hypothalamus; RF: 
mesencephalic reticular formation; HPC: hippocampus; MS: medial 
septal nucleus. 

SR 

1" 
MHR 

FIG. 5. Autoradiograph representing diffusion of "C-DN-1417 in- 
jected ICV. ~C-DN-1417 (0.68 ~Ci/25 ~g/10 ~11 was injected 15 rain 
before the decapitation. Abbreviations: SR: septal regions; HPC: 
hippocampus; PVG: central gray substance (substantia grisea 
periventricularis); MHR: medial hyr~thalamic regions. 

s leeping t ime.  Thus ,  the brain  sites sens i t ive  to TRH or I )N- 
1417 with regard to the  an t agon i sm of  pen toba rb i t a l - i nduced  
sleep arc p roposed  to be var ious  areas  in the  pos te r io r  hypo-  
tha lamic  regions ,  do r somed ia l  nuc leus  of  tha lamus ,  re t icular  
fo rmat ion ,  medial  septal  nuc leus  and  h ippocampus .  Most  of  
these  s t ruc tu res  are closely re la ted to the a scend ing  act ivat-  
ing sys t em which  plays impor tan t  roles in cont ro l  of  sleep- 
wakefu lness  [9, 12, 13, 21]. In par t icular ,  the pos te r io r  hypo-  
tha lamic  regions  are well k n o w n  as the most  impor tan t  sites 
in the l imbic ac t iva t ing  sys tem or  as " w a k i n g  c e n t e r "  
[13,211. 

An a t t empt  to e luc ida te  the neu roana tomica l  subs t ra t e  
media t ing  the ana lep t ic  ac t ion  of  TRH in pen toba rb i t a l i zed  
an imals  was also made  by o the r  inves t iga to rs  who  used simi- 
lar mic ro in jec t ion  p rocedures .  Car ino  et al. [21 repor ted  that  
T R H  causes  a potent  ana lept ic  ac t ion when  given into the 
cor tex ,  cauda te  nucleus ,  tha lamus ,  h y p o t h a l a m u s  and 
preopt ic  area  in rabbi ts .  Accord ing  to repor t s  of  Kal ivas  and 
Hor i ta  [10,11] conce rn ing  the  an t ipen toba rb i t a l  ac t ion  of  
TRH in rats ,  the  most  sens i t ive  site p roved  to bc the medial  
septal  nucleus ,  fol lowed by the i n t e rpeduncu l a r  nucleus ,  
medial  t ha l amus ,  tha lamic  pe r iven t r i cu la r  gray and nuc leus  
a c c u m b e n s .  Mesencepha l i c  pe r iven t r i cu la r  gray,  locus 
coeru leus ,  medial  h y p o t h a l a m u s  and p reop t i c / an tc r io r  hypo-  
t ha l amus  are also compara t ive ly  sens i t ive  to TRH.  Al though  
there  is some  d i sc r epancy  b e t w e e n  our  p resen t  da ta  and that  
ob ta ined  by o the r s  II0,11] regarding the sens i t ive  si tes to 
T R H ,  the h y p o t h a l a m u s ,  t ha l amus ,  a l imited area  of  scptal  
region,  re t icular  fo rmat ion  and  p robab ly  h i p p o c a m p u s  ap- 
pear  to be impor t an t  for the an t ipen toba rb i t a l  ac t ion  of  TRH 
or  DN-1417. I n v o l v e m e n t  of  the cor tex  in this  act ion of  T R H  
or DN-1417 could  not be exc luded  on the basis  of  the present  
resul ts ,  b ecause  the appl ied area  may be too limited to ob- 
se rve  the true effect .  

Al though  the an t ipen toba rb i t a l  ac t ion  of  DN-1417 given 
per iphera l ly  was abou t  twice as potent  as that  of  TRH,  the 
ac t ion  of  DN-1417 in jected ICV or  in t racerebra l ly  was 20-50 
t imes  as po ten t  as that  of  T R H .  These  da ta  indicate  that  
incorpora t ion  of  DN-1417 into the  brain  t i ssues  may be rela- 
t ively less than that  of  TRH.  A n o t h e r  possibi l i ty is that  the 
d i f fe rence  in pcn toba rb i t a l - i nduced  s leeping t ime b e t w e e n  
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the cannulae implanted rats and the rats without implanta- 
tion may induce this discrepancy in potency, therefore DN- 
1417 with a longer-lasting action, compared with short-acting 
TRH [17], may exert a more potent effect in the cannulated 
rats which showed longer sleeping time after pentobarbital 
alone. 

The present study also revealed that ICV injection of  at- 
ropine methyl bromide markedly suppressed the shortening 
action of TRH given peripherally, as already described by 
other investigators in the case of mice or rats [1,19]. A 
nicotinic receptor blocker, mecamylamine given IP also re- 
duced the TRH action although atropine did not or only 
slightly antagonized the effect. Microinjection of  atropine or 
atropine methyl bromide into the hypothalamic regions also 
markedly attenuated the effect of TRH given peripherally or 
into the hypothalamus. However,  ICV application of at- 
ropine methyl bromide produced only a partial antagonizing 
action on the effect of TRH injected ICV. In addition, the 
effect of TRH applied into the reticular formation, medial 
septal nucleus or hippocampus was not or only parti',dly sup- 
pressed by atropine methyl bromide given ICV, as a pre- 
treatment. These results suggest that the antipentobarbital 
action of TRH may be mediated mainly via cholinergic, mus- 
carinic and more probably nicotinic mechanisms in the hypo- 
thalamus and partly via non-cholinergic neural mechanisms 
in other regions. In support of this concept, a cholinergic 
stimulation with carbachol to the hypothalamic but not the 
other sites, produced a significant reduction in the 
pentobarbital-induced sleeping time. A DA receptor blocker, 
pimozide did not modify the antipentobarbital action of 
TRH, in contrast to involvement of the DA system in the 
motor stimulatory action of TRH [6, 15, 161. The lack of 
participation of  the DA mechanism in the effect of TRH is 
supported by findings that DA microinjected ICV or 
intracerebrally had no significant action on pentobarbital 
sleep. 

Santori et  al.  [25] demonstrated that the antipentobarbital 
action of TRH applied ICV was not inhibited by muscarinic 
antagonists given either peripherally or ICV. as was also 

shown in the present study. It is not surprising that ICV 
injection of atropine methyl bromide attenuated the 
antipentobarbital action of TRH administered peripherally. 
We considered that this discrepancy may be due to differ- 
ences in the distribution of TRH in the brain when it is in- 
jected ICV or given peripherally. Nagai et  al.  [18] have 
shown in radioimmunoassay work that TRH given IV was 
distributed in the highest concentration in the hypothalamus, 
an area where the cholinergic mechanisms may be involved 
in the effect. In contrast, ICV applied ~4C-DN-1417 was 
highly distributed in the periventricular structures including 
the septal regions, hippocampus, central gray substance and 
some areas of the hypothalamus, and TRH in these sites 
other than hypothalamus may exert its action via a non- 
cholinergic mechanism. Therefore, the septum, hippocam- 
pus and probably reticular formation rather than hypothala- 
mus may contribute to the effect of TRH given 1CV. 

Yarbrough [28,29] studied the interaction between TRH 
and acetylcholine in the acetylcholine sensitive neurons, and 
showed that TRH potentiates the excitatory response to ion- 
tophoretically applied acetylcholine. Also, TRH counteracts 
the depressed Na ' -dependent ,  high affinity choline uptake 
by pentobarbital [20, 26, 30]. Nagai et  al.  [19] found that 
TRH causes a reversal of the depression in local glucose 
utilization produced by pentobarbitai. In addition, TRH ac- 
celerates the turnover rate of acetylcholine in the parietal 
cortex [14]. These findings may to some extent support our 
present data. 

In conclusion, the main action sites of TRH or DN-1417 in 
antagonism of pentobarbital-induced sleep may be the 
posterior hypothalamic regions, dorsomedial nucleus of 
thalamus, medial septal nucleus, reticular formation and 
hippocampus, and cholinergic mechanisms may be involved 
in the effect of TRH or DN-1417 in the hypothalamus. 
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