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T H E R E  is increasing evidence  tha t  besides induc ing  an t e r i o r  
p i tu i ta ry  secret ions ,  TRII ,  the t h y r o t r o p i n  releasing hor-  
mone ,  also regulates ex t r ap i tu i t a ry  func t ions  of  the brain.  
(Fo r  our  present  s tudy ,  we prefer  the  te rm TRF-  
t h y r o t r o p i n  releasing fac tor ,  because  we wish to remove the  
suggest ion tha t  the  behaviora l  events  we repor t  are 
media ted  t h rough  the  p i t u i t a ry - thy ro id  axis). While radio- 
i m m u n o a s s a y s  show tha t  T R F  is located t h r o u g h o u t  lhe 
brain [20,  27, 37, 381 and the  ce rebrosp ina l  fluid [22]  , i t s  
14 to 103 fold h igher  c o n c e n t r a t i o n s  in the h y p o t h a l a m u s  
suggest a pr imar i ly  endoc r ine  func t ion  in the  cent ra l  
nervous  sys tem.  Our  amino  acid ana lyzer  t e c h n i q u e  shows 
tha t  the  h igher  c o n c e n t r a t i o n s  of  T R F  in the h y p o t h a l a m u s  
are dupl ica ted  in the  cauda te  nucleus  and  cerebral  cor tex  
[ 2 3 ] .  The c o n t e n t i o n  that  T R F  is a n e u r o t r a n s m i t t e r  or  
modi f ie r  of  neural  c o n d u c t i o n  is s u p p o r t e d  by recent  
workers  who  1) de tec ted  r R r :  at synap t ic  j u n c t i o n  sites 
where n o r e p i n e p h r i n e ,  d o p a m i n e  and ace ty l cho l ine  are 
found  [ 1 , 3 ] ;  2) d e m o n s t r a t e d  tha t  T R F  direct ly  depresses  
neurona l  c o n d u c t i o n  [ 3 4 , 3 5 ] "  and 3) showed  that  T R F  has 
direct  pha rmaco log ic  behaviora l  e f fec ts  in the  cent ra l  
nervous  sys tem [6, DO, 31] .  It is also k n o w n  that  T R F  
s t imula tes  adenyl  cyclase in the v d e n o h y p o p h y s i s  [ 2 4 , 4 0 ] .  
In o rder  to gain a be t t e r  u n d e r s t a n d i n g  of  the  re la t ionship  
of T R F  aml the  adenyl  cyclase sys tem,  we u n d e r t o o k  the 
present  s tudy.  

M I'TFItOI) 

Male Sprague-Dawley rats (Zivic Miller, P i t t sburgh ,  
Pennsy lvan ia )  weighing 8 5 - . 1 2 5  g were housed  u n d e r  

cons t an t  i l l umina t ion  anti t e m p e r a t u r e  (21°(7). Prior to tile 
expe r in l en t ,  they were al lowed free access to water  and ral 
chow.  All t r e a t m e n t s  were carr ied out  be tween  9 a.m. and 
noon .  

Rats were anes the t i zed  with a 1% so lu t ion  of  amo- 
barbi ta l  ( A m y t a l ) ( E .  Lilly (7ompany,  Indianapol is ,  Ind iana)  
(80 m g / k g ) i n j e c t e d  in l r ape r i tonea l ly  (IPI. The t ime f rom 
the loss of  the r ight ing  reflex unt i l  tile recovery of the 
r ight ing reflex was measured  in minu te s  and def ined as 
sleeping t ime.  Descript ive s tat is t ics  for the sleeping t imes 
for var ious t r ea tmen t  groups  are given in Table I. Fol lowing 
the loss of  the r ight ing reflex, a cons tan t  vo lume of I 5 /.tl 
was in jec ted  in t r ace reb roven t r i cu l a r ly  (I(_'V) by a m e l h o d  
descr ibed e lsewhere  [ 131. The c o m p o u n d s  admin i s t e red  
centra l ly ,  e i ther  a lone  or simulh,  neously,  include:  the N (', 
O 2, d ibu ty ry l  analog of  adenos ine  3 ' ,5 '  cyclic mono-  
p h o s p h a t e  (d ibu ty ry l  cyclic AMP){Sigma  Chemical  ( 'o . ,  St. 
Louis, Missouri);  t h y r o t r o p i n  releasing fac tor  ( l R F ) ( g e n -  
erously provided by A b b o t t  Labora tor ies ,  Chicago,  Illinois 
and checked  for pur i ty  by amino  acid analysis and thin 
layer c h r o m a t o g r a p h y ) :  or  sterile sodium chlor ide  0.~,v.:¢. 
Dibutyry l  cyclic AMP and T R F  were di lu ted in 10 3M 
p h o s p h a t e  buf fe r  pH 7.3 Rectal  t e m p e r a t u r e s  were re- 
corded at 5 nun  intervals  wi th  a t he rmi s t e r  p robe  {Baily 
I n s t r u m e n t s  C o m p a n y ,  Saddle Brook,  New Jersey).  All 
behavioral  act ivi t ies of  the rats were careful ly observed and 
recorded on the  clays of  tile e x p e r i m e n t s  and for 5 clays 
thereaf te r .  

The rats were divided into 4 t r ea tn len t  groups  and 
subdivided in to  subgroups  of  10 rats for each dosage 
s tudied:  
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1. Con t ro l  groups:  naive rats were in jected ICV with 
sodium chlor ide  0.q% or various doses of T R F  (5 100 
Og/rat ). 

2. Anes the t i zed  rats received ICV sod ium chlor ide  0.0% 
or T R F  (12.5 • 100,ug/ra t ) .  

3. Naive rats were in jected ICV s imul t aneous ly  with 
T R F  and  d ibu ty ry l  cyclic AMP: a) T R F  (5.0 /.tg/rat) and 
d ibu ty ry l  cyclic AMP (25/ . tg / ra t ) ;  b ) T R F  ( 12.5 ~g / r a t )  and 
d ibu ly ry l  cyclic AMP ( 1 0 0 p g / r a t ) :  cl ' I R F  q25-- 100 pg / r a t )  
and d i h u t y r y l  cyclic A M P [ 1 0 0  200 pg/ ra t  ). 

4. Anes the t i zed  rats were admin i s t e red  ICV with one  of  
various so lu t ions  of  T R F  (12.5  50 p g / r a t )  and d ibu ty ry l  
cyclic A M P ( 1 0 0  200 pg / ra t  ). 

Rl.:St; l /IS 

In naive rats, sod ium chlor ide  p roduced  n() no t i ceab le  
behaviora l  changes.  Within I rain of  inject ion,  the various 
doses of  T R F  (5 1 0 0 / . t g / r a t ) p r o d u c e d i n t e r m i t t e n t  hyper-  
act ivi ty last ing less than  10 rain and deep seda t ion  of  abou t  
30 rain du ra t ion .  I typerac t iv i ty  was charac te r ized  by 
increased l o c o m o t o r  act ivi ty and body  tone ,  tail l if t ing, 
squirrel  upr ight  pos i t ion ,  f requen t  g rooming ,  fasciculat ions  
anti spasms of  muscles  m the  ex t remi l ies ,  scra tching,  
hype rven t i l a t i on ,  p i loerec t ion ,  b l ink ing  and tearing.  Loco- 
m o t o r  m o v e m e n t s  seemed exaggera ted ,  with arched backs 
and staggering gait. In t ens i ty  and du ra t ion  of  the  s y m p t o m s  
were not  dose-rela ted even at higher  doses (100  200 
#g/ ra t  ). Nei ther  convuls ions  nor  mor t a l i t y  were observed in 
these groups  of  rats. While sodiunl  chlor ide  p roduced  no 
a l te ra t ions  of body  t em pe r a t u r e ,  T R F  elevated the body  
t empe ra tu r e  above con t ro l  values for well over 2 hr I Fig. I ). 

Anes the t i zed  rats t rea ted  with sodium chlor ide  injected 
centra l ly  regained the r ight ing reflex in the con t ro l  t ime of  
111.5 mm {Table 1). The various doses of  T R F  (12.5  100 

#g / r a t )  sho r t ened  sleeping t ime,  but  not  dose-re la tedly  
( l ab l e  1 ). The  wide range of  sleeping t imes and behavioral  
responses  to ' I 'RF were character is l ic .  Rats  anes the t i zed  
with a m o b a r b i t a l  are flaccid and still unt i l  regaining the 
r ight ing reflex;  wi th in  2 rain of  in ject ion,  TRI-: induced  
shivering,  shaking  of  the head and body  as t hough  wet,  
scra tching,  sponlaFleous tail movemen t s ,  p i loerec t ion ,  
hype rven t i l a t i on ,  b l inking,  tear ing and a rapid re tu rn  of  
body tone.  Upon re turn  of  the r ight ing reflex, the rats 
exh ib i t ed  abou t  30 lnin of mild at~,xia charac te r ized  by 
staggering gait and arched back.  Sedaticm slowly improved 
and one hour  la ter  the rats resumed normal  behavior .  The 
body  t e m p e r a t u r e  of am oba r b i t a l - ane s l he t i z ed  rats nor- 
really fell _.87 C in 60 m i n l l a b l e  1). Sod ium chlor ide  had 
no effect  on body  t empera tu re .  At all doses (12.5 100 
/.tg/rat). T R F  an tagon ized  the  am oba r b i t a l - i nduced  hypo-  
thermia  and rapidly r e tu rned  it to normal  values; higher  
doses elevated body t e m p e r a t u r e  above  cont ro l  values 
tTable  1). No dea ths  were recorded  in these groups  of  rats 
even at doscs of  T R F  as large as 200 pg / ra t .  The prior 
in jec t ion of  T R F  did not  delay the onset  of  narcosis.  

In naive rats. the s i m u l t aneous  in jec t ions  of  "IRF (5 .0  
pg / r a t )  aml d ibu ty ry l  cyclic AMP (25 pg / r a t )  p roduced  a 
behavioral  pa t t e rn  similar to that  induced  by T R F  alone.  
However.  all s y m p t o m s  were e n h a n c e d  and of  longer  
du ra t ion  (1 2 hr). No rats of  this t r ea tmen!  group died. 
Besides f requent  g rooming ,  marked  hypc rven t i l a t i on ,  blink- 
ing and tearing,  "I'RI" 112.5 /lg./ral) and di l 'mtyryl  cyclic 
AMP (100  pg / r a t )  p roduced  10 rain of severe c lonic- tonic  
convuls ions  dur ing  which one third of  the rats died. "lhe 
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21.5"('. Treatment group contains 6 rats. 

T A B L E  1 

E I . ' H . I ( ' I "  ( ) 1 '  T R I I  ( I S  ~1)AI)MINISFI.~REI) I N I R A ( ' I ' ] I ~ , I , I I ~ I ~ ( )  - 
V t . ~ N T R I ( ' L I I , A R L Y  O N  "I'l-II.~ I ) U R A I ' I O N  () | ." A M ( ) I ~ A | " , I ' I I I ' A I , -  

INI)LJ('I.II) NARCOSIS (80 m~/kg) 

"l'reatmenl N Sleeping Time Rectal Temperature 
mm , S . I I .M.  " ( ' ,  S.I.I .M. 

(Control -- 
Saline l(I.9'; I) I0 111.5 , 12.5 2.87.  0.21 

IRI" (12.5 ~g) 10 69.5 , 13.8 {" 1.25 ' (I. 18 

IRl.(2S,ug) IO (~9.9 , 15.0i- +0.20' 0.06 

TRI (50~g) 10 62.4 , 12.0~ +(3.87 • (3.25 

fP, I (l()(I/.tg) l0 6,5.7 , 15.8+ +1.88 ' 0.19 

*Rectal tempcraturc ( ' ( ' )  measured 30 mm at'tot amobarl~ital 
adnlHli';tralion. 

~Based on the Mann-\Vhitney U lest. statistically significant 
difference at 0.05 level of significance when compared v, ith conlrol 
g r o t l p .  

survivors o f  these convuls ions  exper ienced  an in lense  and 
long-last ing s y n d r o m e  of  l o c o m o t o r  i ncoo rd ina t i on  and 
hyperac t iv i ty  marked  by severe spasms and fasciculat ions  of 
the l imb muscles and a toe spreading that  caused an ataxic 
gait exaggerated to the point  of  belly crawling, with rolling, 
twis t ing m o v e m e n t s  of  the torso and s lapping of  tile tail 
from side to side. The l o c o m o t o r  i ncoo rd ina t i on  lasted well 
over one hour ,  d imin ish ing  gradually with t ime.  After  
several hours  of  deep sedat ion ,  the rats resumed normal  
behavior  and did not  show any sequellae thereaf ter .  Within 
minutes ,  I R F  ~25 pg / r a t )  anti d ibu ty ry l  cyclic AMP 
(100  200 pg / r a l )  p roduced  i n t e r m i t t e n t  shorl  per iods of  
deep sedat ion  and convuls ions  charac ter ized  by high lumps,  
p h o n a t i o n ,  S t raub  tail p h e n o m e n o n  with high speed vibra- 
t ions of fail and whiskers,  c x o p h t h a h n i a ,  sal ivat ion,  pilo- 
e rec t ion  and tearing.  Within 3(1 to 0(1 ram, all the rats of  
this group died with ins tant  marked  rigor morlis .  

In the naive rats, d ibu ty ry l  cyclic AMP (25 og / r a t )  did 
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FIG. 2. C6mparison of sleeping times in rats anesthetized with IP 
administered amobarbital 180 mg/kg) and subsequently treated ICV 
with dibutyryl cyclic AMP ahme or simultaneous injections of 
dibutyryl cyclic AMP and fRF.  At the 3 concentrations of 
dibutyryl cyclic AMP and dibutyryl cyclic AMP combined with 
TRF, all paired comparisons of the mean sleeping times arc 
statistically significant in comparison to the control sleeping time at 
the (I.05 level ~1" significance using the Student-Newman-Kreuls test. 
At the 0.05 level of significance the mean sleeping lime of the 
dibutyryl cyclic AMP treated group is not significantly different 
when compared with the mean sleeping times of the groups treated 
simultaneously with dibutyryl cyclic AMP and TRI'. Each group 

contains I ( I  rats. 

not  a l ter  the  e levat ion of  body  t e m p e r a t u r e  induced  by 
TRF alone.  Severe convuls ions  p roduced  by h igher  dosages 
of  T R F  in so lu t ion  wi th  d i b u t y r y l  cyclic AMP did not  al low 
the record ing  of  body  t empera tu re .  

The s imu l t aneous  adm i n i s t r a t i on  of var ious doses of  
T R F  ( 1 2 . 5 - 5 0  ~g / r a t )  and d ibu ty ry l  cyclic AMP ( 100 200 
pg / r a t )  s h o r t e n e d  a m o b a r b i t a l - i n d u c e d  narcosis  (80  mg/kg)  
but  not  fu r the r  than  d ibu ty ry l  cyclic AMP alone  (Fig. 2) 
and p roduced  the same behaviora l  s y m p t o m s  as those  
induced  by T R F  alone,  but  these s y m p t o m s  were much  
more  p r o n o u n c e d .  Upon  the r e tu rn  of  the r ight ing reflex, 
the  rats exper ienced  an acute  l o c o m o t o r  cerebral  s y n d r o m e  
charac te r ized  by twis t ing  gyra t ions  of  the  body ,  severe 
ataxia of  the  h ind l imbs,  loud tail s lapping,  fasc icula t ions  
and muscle spasms of  the f ron t  l imbs  and paws, spreading  
of  the  toes,  r andom ,  aimless wander ing  over  the ent i re  
bench  top,  b u m p i n g  in to  objec ts  or falling of f  the bench  
that  lasted for at least 3 hr. When the initial gyra t ions  
ended ,  the rats belly crawled,  and af ter  a slow recovery  of  
usage of the h ind legs, walked on tip toes. While p inch ing  
the tail revealed tha t  spinal reflexes were in tac t ,  the rats 
were unab le  to swim when  placed in a wate r  tank and  sank 
to the  b o t t o m .  The period of  hype rac t iv i ty  was fo l lowed by 
long sedat ion.  A m o b a r b i t a l  p ro t ec t ed  against  the  lethal  
c o m b i n a t i o n  of  the  nuc leo t ide  and the  n e u r o h o r m o n a l  
fac tor ;  no  convuls ions  or dea th  occur red  in these groups  of  
rats. The fol lowing m or n i ng  the rats behaved  normal ly  
w i t h o u t  any l o c o m o t o r  sequellae.  The pr ior  s i m u l t aneous  
in jec t ion of  T R F  and d ibu ty ry l  cyclic AMP did not  b lock 
the onset  of  narcosis.  Like T R F  alone,  T R F  and d ibu ty ry l  
cyclic AMP an tagon ized  the  a m o b a r b i t a l - i n d u c e d  hypo-  
thermia .  

I)ISCUSSION 

The neu rochemica l  d e t e r m i n a n t s  of  narcosis  and sleep 

are poor ly  u n d e r s t o o d .  In the  rat,  d ibu ty ry l  cyclic AMP 
regulates  narcosis  induced  by a m o b a r b i t a l  [ 13] and 7 o t h e r  
chemical ly  unre la t ed  c o m p o u n d s  [ 1 1 ] .  The  regula tory  
p roper ty  of  d i b u t y r y l  cyclic AMP, " t h e  second messenger" ,  
suggested tha t  a n e u r o t r a n s m i t t e r  or h o r m o n e  may serve as 
a first messenger.  The ca techo lamines ,  b iogenic  amines  or 
h o r m o n e s ,  shown  in vitro to elevate brain levels of cyclic 
AMP, failed to shor t en  m vivo narcosis  [6 ,9 ] .  Likewise, tile 
analept ic  drugs, with the excep t ion  of  p i c r o t o x i m  were 
unsuccessful  in sho r t en ing  narcosis  [ 6 ] :  bu t  all concen t ra -  
t ions of  p i c ro tox in  p roduced  severe tox ic i ty  and mor ta l i ty .  

Workers  who repor ted  the  an t i anes the t i c  p roper t i e s  of 
T R F  suggested tha t  T R F  may be the  first messenger  of  
cyclic AMP [311.  Our data  conf i r tn  tile an t i anes the t i c  
p rope r ty  of  T R F  admin i s t e red  in t r ace rebroven t r i cu la r ly .  

However ,  suppor t i ng  the repor t  of  o t h e r  invest igators  
[361,  we found  tha t  the  i n t r ape r i t onca l  or i n t r avenous  
in jec t ion  of  T R F  did not  sho r t en  p e n t o b a r b i t a l - i n d u c c d  (50 
mg/kg)  narcosis.  The failure of  per iphera l ly  admin i s t e red  
T R F  to an tagon ize  the ba rb i t u r a t e  may be expla ined  by the 
facts tha t  T R F  I) does  not  freely cross the cerebrosp ina l  
fluid barr ier  [ 15, 26, 39] : and 2) has a very shor t  half  life 
in plasma and brain tissue 114 ,16] .  The failure of  minimal  
a m o u n t s  of  exogenous ly  admin i s t e red  T R F  to cn te r  the 
cent ra l  nervous  sys tem may accoun t  for the  failure to 
reverse p e n t o b a r b i t a l  overdosage in rats [5] and for the 
conf l ic t ing  results  in the T R F  t r e a t m e n t  of  depress ion  in 
man [ 2 , 3 0 ] .  While we were unsuccessful  in t rea t ing  
amoba rb i t a l  overdosed  rhesus m o n k e y s  with in t ravenous ly  
injected TRF ,  cent ra l ly  injected T R F  effect ively p reven tcd  
cardiovascular  collapse [ I 2] .  

Notab le  d i f ferences  be tween  d ibu ty ry l  cyclic AMP and 
T R F  are ev ident :  I) unl ike d ibu ty ry l  cyclic AMP, which 
shows clear-cut dose re la t ionship  at all concen t r a t i ons ,  I( 'V 
admin i s t r a t i on  of T R F  produces  widely variable  ranges ol 
slecping t imes  (Table  1); 2D fol lowing the I( 'V adminis t ra-  
t ion of d ibu ty ry l  cyclic AMP, anes the t i zed  rats  remain  
flaccid and very still unt i l  regaining the r ight ing reflex. In 
cont ras t ,  anes the t i zed  rats t rea ted  ICV with T R F  almost  
i n s t an t ancous ly  shiver, shake heads  and bodies  as t hough  
wet,  scra tch,  move pi loerect ,  hype rven t i l a t e ,  bl ink and  tear;  
3) in the naive rat the i n t r ace reb roven t r i cu l a r  in jec t ion  of 
d ibu ty ry l  cyclic AMP produces  severe general ized convul-  
sions 1171. In con t ras t ,  the cent ra l  admin i s t r a t i on  of  T R F  
leads to i n t e r m i t t e n t  shor t  per iods of  hyperac t iv i ty  and  
sedat ion  but  no  convuls ions  [61.  

]"he pr imary  thrus t  of  the present  s tudy  was to ob ta in  in 
r i ro  evidence of an in tc rac t lon  be tween  F R F  and d ibu ty ry l  
cyclic AMP in the centra l  nervous  system. The data  thus  
gained do not  suppor t  any s imple addi t ive  or synergist ic  
in te rac t ion .  However  unc lear  the  specific ac t ions  of  T R F  in 
the bra in ,  it is clear tha t  T R F  is involved in a wide range of 
behavioral  evcnts .  For  examplc ,  T R F  increased l o c o m o t o r  
act ivi ty in pargyl ine-L-DOPA pre t rea ted  rats [ 2 8 , 2 9 ] .  
Similar da ta  were repor ted  in rats p re t r ea t ed  wi th  
pargyl ine-SHT [lt,~]. Such f indings suggest tha t  the cate- 
cho lamines  a n d / o r  se ro ton in  are involved in the  T R F  
regula t ion of l o c o m o t o r  behavior .  Increased evidence has 
been repor ted  that  the release of  T R F  is con t ro l l ed  by the  
ca t echo lamines  [ 3 2 ] .  A l though  we have found  that  dop- 
amine  is involved in the  T R F  regula t ion  of ro ta t iona l  
behavior  in the rat I101,  and  o t h e r  invest igators  repor ted  
that  T R F  al ters  d o p a m i n e  brain c o n t e n t  in pargyline-L- 
DOPA pre t r ea t ed  rats 151, the ac t ions  of  T R F  on the 
centra l  nervous  sys tem are too  n u m e r o u s  to be related to 
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any single neuro t ransmi t t e r .  We have repor ted  that  TRF 
and phen to l amine  produce  tight head to tail ro ta t ions  16],  
and will report  that s imul taneous  adminis t ra t ion  of  
d ibutyryl  cyclic AMP and phcn to l amine  does not induce 
rotat ions.  ( 'onf l ic t ing  data have been repor ted  by investiga- 
tors who found that  TRF did not affect  the brain con ten t  
of  dopamine ,  norep inephr ine  or sero tonin  or the turnover  
of  norep incphr ine  [4 ,33 ] ,  while o the r  studies showed 
increased turnover  of  norep inephr ine  in rat brain 118,21].  
Evidently,  more work is needed before  the in teract ion of  
the adenyl cyclase system,  the ncu rohormona l  factor  and 
the ca techolamines  is fully under s tood .  

Thermoregula t ion  was previously believed to be con- 
trolled only by the putat ive neurot ransnl i t te rs ,  e.g. dop- 
amine,  norep inephr ine  or se ro lonin .  Increasing evidence 
shows that  the n e u r o h o r m o n e s  TRF 16, 25, 31] and 
somatos ta t in  16,71 regutale body tentpera ture  antagonis- 
tically. While d ibutyry l  cyclic AMP does not reverse 
amobarb i ta l - induced  hypo the rmia ,  TRF antagonizes  the 
t empera tu re  fall and somatos ta t in  produces  severe and 
prolonged hypo the rmia  with t empera tures  dropping  as low 

,3 o , as _8 ( .  l towcver ,  in rats t reated wilh TRF,  the dura t ion of  
narcosis was not related to body t empera tu re  [71. 

Al though the dissimilarities be tween  the act ions of  

d ibutyryl  cyclic AMP anti TRF do not suppor t  a hypo-  
thetical first messenger  role for TRF in the regulation of  
narcosis, loconto tor  activity and tempera ture ,  we have 
demons t ra t ed  that TRF is a modula tor  of  many behavioral 
events:  in agreement  with o ther  investigators [311, we have 
reported that  T 3, "I a and "I'Stl do not alter the regulation of  
narcosis, l ocomoto r  activity and lenlpera ture  or cause 
unusual behavioral s y m p t o m s  [6 ] :  that t h y ro i d ec t omy  does 
not alter the behavioral act ions of  TRF' ,  conf i rming our 
belief that TRF acts in the brain at sites o ther  than the 
p i tu i tary- thyroid  axis. 

We have found that somatos ta t in ,  luteinizing ho rmone  
releasing ho rmone  and substance P also regulate behavioral 
events in the central  nervous sys tem and prolong narcosis 
18]. The prevalance of TRF m brain s t ructures  and its 
involvement in behavioral events suggest that the direct 
cffccl o f  T R F  on the central nervous syslem may prove ,ts 
impor tan t  as its hormonal  role. 
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