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HORITA, A., MONSERRAT A. CARINO AND JOHN R. SMITH. LfJ~'c'ts o1" TRH on the central nervous .wstem ¢ff" the 
rabbit. PHARMAC. BIOCHEM. BEIIAV. 5: SUPPL. 1, 111 . 1 1 6 , 1 9 7 6 . -  Thyrotropin releasing hormone(TRH) admin- 
istered intraventricularly to rabbits produces tachypnea, hyperthermia, behavioral excitation and, with larger doses, com- 
pulsive scratching. These effects of TRH were unaffected by various catecholamine and serotonin antagonists or depleting 
agents. When TRH was administered to pentobarbital-narcotized animals, tachypnea and rapid recovery of the righting 
reflex occurred. The antagonism of narcosis or sedation was evident against other barbiturates, diazepam, chlorpromazine, 
and reserpine, but not against morphine. Morphine actually appeared to antagonize the excitatory actions of TRtt. 
Scopolamine pretreatment prevented the arousal from pentnbarbital narcosis, but not lhe tachypnea or hyperthermia. 
TRH represents a new class of psychoactive chemical which may play a role in brain function. 
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AMON(;  the m a n y  n e u r o p e p t i d e s  now k n o w n ,  TRH rep- 
resents  one  of  the  most  fasc ina t ing  because of  its abi l i ty  to 
exer t  p r o f o u n d  effects  on the  cent ra l  nervous  system.  Inter-  
est in its n e u r o p s y c h o p h a r m a c o l o g i c  p roper t i e s  was trig- 
gered by the earlier repor t s  of  a possible an t idep res san t  
effect  in man  [ 1 6 , 1 9 ] ,  a l t hough  conf l i c t ing  evidence  
[1 ,10]  has s u b s e q u e n t l y  appeared  in the  l i te ra ture .  Plot- 
n ikof f  et al. [18]  first d e m o n s t r a t e d  the p o t e n t i a t i o n  by 
TRt !  of  the  pargyl ine  + DOPA-induced  exc i t a t ion  in mice. 
O the r  repor t s  also indica ted  a possible  re la t ionsh ip  be tween  
TRII  and n o r e p i n e p h r i n e  tu rnove r  in brain [8, 14, 17] ,  
a l t hough  Reigle et al. [20]  found  l i t t le  or no change  in 
n o r e p i n e p h r i n e  me tabo l i sm in rats t rea ted  with TRI! .  Still 
o t h e r  researchers  found  a possible re la t ionship  be t ween  the  
sero tonerg ic  sys tem and TRH act ivi ty  in the cent ra l  ne rvous  
sys tem 19].  

A mos t  in te res t ing  p rope r ty  of  T R l l  is in its abi l i ty to 
shor t en  the sleeping t ime of  rats and mice given a lcohol ,  
ba rb i tu r a t e s  and o the r  depressant  drugs [2, 3, 4 ] .  It is clear 
tha t  this  effect  is un re la t ed  to the  TS l i - s t imu la t i ng  func t i on  
of  TRH and is cent ra l  in origin. The  mechan i sm of  the  
arousal  ac t ion  of  TRH has not  been e luc ida ted ,  bu t  the  
possibi l i ty  of a chol inergic  c o m p o n e n t  has been suggested 
[3 ] .  

Our  work with TRt [  has been done  a lmos t  exclusively in 
the  rabbi t .  The  effects  of  this  h o r m o n e  in the rabb i t  are in 
many  ways similar  to those  p roduced  by a m p h e t a m i n e  
[111.  Subsequen t ly ,  we found  tha t  the  pen toba rb i t a l -  
narco t ized  rabb i t  could  be a roused  wi th  ex t r eme ly  small  
doses (0.1 ug) of  "FRH [ 1 2 ] .  Thus ,  the rabb i t  represen ts  a 
sui table  an imal  for TR H  studies  in b o t h  the  consc ious  and  
narco t ized  states.  The present  ar t icle  reviews and  e x t e n d s  
some of  our  earl ier  f indings  on  the cent ra l  ac t ions  of  TRII  
in the rabbi t .  

111 

METHOD 

Animals  and Procedure 

Male-New Zealand  rabbi t s  weighing be tween  2.3 • 2.7 kg 
were employed .  All in jec t ions  of T R t l  were made  via the 
i n t r ace reb roven t r i cu l a r  ( ICV) route .  The  d i r ec t -punc tu re  
t e chn ique  as descr ibed by Jacob  ct al. [ 15] was emp loyed ,  
but  sl ightly d i f fe rent  coord ina te s  were uti l ized.  One or two 
days prior  to the  e x p e r i m e n t  a midl ine  incis ion was made  in 
the head and  a small  hole (0.8 mm dia.) was drilled in the 
skull of  an imals  anes the t i zed  with p e n l o b a r b i t a l  (25 mg/kg 
IV). The hole was located 1 mm lateral to the mid lme  and I 
mm rostral  to the bregma.  The incision was swabbed  with 
an t i sept ic  and closed. On the day of  the expe r imen t ,  jus t  
pr ior  to the in jec t ions ,  local anes the t i c  was sprayed on the 
skin wound  and the incision reopened .  A No. 26 needle  was 
inser ted vert ical ly to the  dep th  of  12 mm f rom the  surface 
of  the  skull. Proper  pos i t ion ing  was indica ted  by the ap- 
pearance  of ce rebrosp ina l  fluid. The  needle  was wi thd rawn ,  
filled with drug so lu t ion ,  amt re inser led  to the same depth .  
All in jec t ions  were in a vo lume of 10,ul over  a 30 60 sec 
per iod anti were made with a syringe mic robure t .  ( ' cmtrols  
consis ted  of  an imals  given the same volume of  sterile saline. 
All drug doses are expressed as the i r  bases. 

Behavior  was assessed by gross obse rva t ion  of  various 
parameters ,  inc lud ing  changes  in m o t o r  act ivi ty ,  behaviora l  
exc i t a t ion ,  pupi l lary  d i la ta t ion ,  etc. In add i t ion ,  cer ta in  
compuls ive  responses,  such as the sc ra tch ing  behavior ,  were 
observed.  In order  to designate  the in tens i ty  of such respon-  
ses we e m p l o y e d  an a rb i t ra ry  po in t - scor ing  sys tem as fol- 
lows: 0 = normal ,  con t ro l  an imal :  +1 = exc i t a t ion ,  some 
scra tching,  increased m o v e m e n t ,  increased respi ra tory  rate, 
increase in muscle tone ,  +3 = hyperac t iv i ty ,  in tens i f ica t ion  
of all +2 s y m p t o m s ,  compuls ive  and in tense  scra tching:  -. 3 
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= marked depress ion or anesthesia,  loss of  righting reflex. 
Colonic t empera tures  were measured by rectal thermis-  

tor  probes  connec t ed  to a YSI Scanning T e l e t h e r m o m e t e r  
wired to a Leeds-Nor thrup  Spcedomax  recorder .  The exper-  
iments  were carried out in a cons tan t  t empera tu re  room of  
22.0 • 1.0:C. Respiratory rates were measured with an im- 
pedance pneumograph  anti recorded on a Physiograph re- 
corder  (Narco Bio-systems, Houston,  Texas). Arousal from 
narcosis was hased on the t ime of  recovery of  the righting 
reflex f rom the depressant  drugs. 

R ES U I,TS 

t : ) feets  o f  TRI I  in (tie Conscious  Rabb i t  

Given a dose range of  0 . 5 - 1 0 0  ug TRII p roduced  lac- 
hypnea ,  hyper the rmia ,  behavioral exci ta t ion  anti a compul-  
sive scratching. The hyper the rmia  and respiratory cffects  
were first seen with doscs of  0 . 5 -  1.0 ~g. Behavioral excita- 
l ion,  character ized by increased l o c o m o t o r  activity,  pilo- 
erect ion,  pupillary di la ta t ion and fur ther  respiratory stimu- 
lation, was evident  with 10 2 0 u g .  Above the 2 0 u g  dose 
all these effects  werc intensif icd,  and, in addi t ion ,  accom- 
panied by f requent  anti vigorous scratching of  the head and 
neck region by the hind feet. The most  well def ined dose- 
related response to TRt t  was the hyper the rmia .  A dose of  
0 .5  ug  p roduced  increascs in rectal t empera tu re  of  
0.2 0.5"( ' ,  increasing to about  1 . 5 ' C w i t h  1 0 0 u g o f T R H .  

In teraet ions  bet  ween ]'R t t  and  [~arious Drugs in ( 'onseious  
Rabb i t s  

Because earlier repor ts  indicated a possible role of  the 
biogenic amines in some of  the FRH effects  we investigated 
the inf luence of ca techo lamine  and sero tonin  antagonis ts  

anti deplet ing agents on the act ions of TRH in rabbits. 
Several depressant  drugs were also tested as possible 
antagonis ts  of  lhe exci ta tory  act ions of TRII.  As indicated 
in Table I, the TRH-induccd behavioral exci ta t ion anti 
hyper the rmia  were only minimally af fec ted  by prctrcat-  
men( of  the animals with various blocking agents anti amine 
depletors .  Some of  the antagonis ts  or deplelors ,  such as 
p h e n o x y b e n z a m i n e ,  ch lorpromazine ,  reserpine and 
~-methyl -p- tyros ine  produced  marked sedal ion,  but were 
ineffective in blocking the TRH-induced exci ta t ion.  In fact, 
TRH rapidly reversed sedat ion and p roduced  tachypnca  and 
hyper thermia .  

Of those agents listed in -l'able 1 only two not iceably 
affected the normal responses of  TRII.  One was the 
~-adrcnergic-blocking agent,  phcn to lamine ,  which,  when 
given I( 'V, delayed the onset of all ef fects  of  TRH. 
However,  the antagonism was only transient ,  and after 10 
rain the usual TRH cffccts  reappeared.  Thc o the r  agent 
which was effective against the TRII- induccd behavioral 
exci ta t ion was morphine .  

Other  depressants ,  such as the barbi tura tes  and diazep- 
am, were ineffect ive as TRII anh~gonists. In fact, TRIt  
acted as an anlagonist  (11 these depressanls.  Animals 
prc t rea ted  with nlos[ (1[ these agents recovered from 
depression or regained their righting reflexes within 10 15 
rain af ter  TRH adminis t ra t ion .  With phenobarbi la l  the 
TRl l - induccd  arousal from narcosis was temporary .  The 
animals righted thcmselvcs within 10 15 rain af ter  TRt l .  
but within 60 rain thereaf ter  they again fell into deep sleep 
for the long durat ion typical of this agent. Because 
kelamine and the gaseous anes thet ics  have short  durat ions  
of act ion,  it was difficult  to de te rmine  shor ten ing  of their 
narcosis time. t lowever ,  if I R t l  was given prior to these 
agents, it was possible to de te rmine  whether  onset  of  

TABLE 1 

DRUG INIERACTIONSWII'HTRH IN CONSCIOUS RABBITS 

Dose Pretreatment N Behavior Temperature 
t ime (rain) (' 

TRH 10(} /ag --  l(I +3 1.6 , 0.2 
Phenoxybenzamine 5 mg/kg 90 5 +2 1.8 , 11.2 
Phentolamine 100 agICV I(I 9 delayed, then+2 1.7 , 0.3 
Cyproheptadine 1 mg/kg IV 30 3 +3 1.6 
Cinanserin 10 mg/kg IV 2¢1 3 +3 1.4 
p-Chlorophenylalanine 2 X 300 mg/kg IP 48, 24 hr 5 +3 1.5 
6-OH Dopamine 2 x 150 tag ICV 48, 20 hr 3 +3 2.1 : 0.3 
a-Methyl-p-tyrosine 200 mg/kglP 180 3 +3 1.7 - 0.2 
Pimozide 4 mg/kg IP 90 3 +3 1.7 _- 0.3 
Haloperidol 1 mg/kg IV 30 5 +3 1.7 - 0.2 
Atropine 2.5 mg/kg 1V 30 3 > +3 1.5 , (I.2 
Reserpine 2.5 mg/kg IV 3 hr 5 +2 3.0 ~ 0.5 
Propranolol 11t mg/kg IP 30 3 +3 1.5 
Morphine 4 mg/kglV 45 5 3 1.0 , 0.2 
Pentobarbital 25 mg/kgIV 30 9 delayed, then+2 1.2 : 0.2 
Phenobarbital 100 mg/kg IV 30 5 delayed, then+l 1.0 

for 60 rain, then 3 
Diazepam 7.5 mg/kg IV 30 5 +3 1.8 , (I.3 
Chlorpromazine 7.5 mg/kg IV 30 3 +3 1.2 ~ 0.2 

Rabbits were pretreated with the various drugs at the 
(100 ,ug I('V) was then administered and the subsequent 
Telnperature changes are designated as "C scm above 
administration. 

indicated 
behaviors 
tha~ base 

times and routes of administration. TRtl 
and colonic temperatures were recorded. 
line that existed ;it the time of TRtt 
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FIG. I. The effect of TRH on changes in respiratory rate, colonic temperature and duration of narcosis produced by 
pentobarbital (25 mg/kg IV). Each line or bar represents mean responses in at least 5 animals. Variations are expressed as sem. 

narcosis  was delayed.  Under  this  cond i t i on ,  TRH pre t rea t -  
ment  l eng thened  the onset  of  ke t amine  narcosis  but  did not  
affect  the i nduc t i on  t ime of  h a l o t h a n e  or m e t h o x y f l u r a n e .  

l:~tJ~'ct o.f T R l l  m l'entobarhital- and Morphine-narcotized 
Rahbits  

Pen toba rb i t a l  (25 mg/kg  IV) p roduced  an immed ia t e  
s tate  of narcosis  which lasted for 110 ~ 12 rain. When TRH 
( I 0  ug) was given 30 rnin af ter  pen t oha r h i t a l ,  the an imals  
displayed a rapid increase in resp i ra tory  rate,  h y p e r t h e r m i a  
and recovery of  the  r ight ing reflex. Under  these c o n d i t i o n s  
the t a c h y p n e a  anti awaken ing  responses  were most  d rama t i c  
(Fig. 1 ). Respi ra t ion  rate was increased f rom 40 per  rain to  
60 per min wi th in  3 rain af ter  TRH admin i s t r a t i on  and 
c o n t i n u e d  to increase b e y o n d  the t ime the  animals  regained 
thei r  r ight ing reflex. By the t ime TRH- t r ea t ed  animals  had 
recovered from p e n t o b a r b i t a l - i n d u c e d  n a r c o s i s ( 2 0  25 rain 
af ter  TRHt ,  respi ra t ion  rales  had increased to 140 per  rain, 
as c o m p a r e d  to 43 per  rain in p e n t o h a r b i t a l - t r e a t e d  animals  
given saline ICV. Marked t a c h y p n e a  c o n t i n u e d  for at least 
the fol lowing 2 3 hr. H y p e r t h e r m i a  was also present  in 
these animals.  This  response  to TRH also appeared  rapidly ,  
reached a peak of  1.0 ( '  in 45 - -60  rain, anti gradual ly  
r e lu rned  to base line over the fol lowing 2..-3 hr. 

Morphine  (4 mg/kg  IV) p roduced  analgesia,  marked  
sedat ion ,  h y p o t h e r m i a  and resp i ra tory  depress ion.  When 
given 30 rain af te r  m o r p h i n e ,  T R t t  (100  ug) exer ted  no  
an tagon i sm of  the analgesia or seda t ion ,  but  reversed the 
respi ra t ion  and t e m p e r a t u r e  responses  (Fig. 2). Since the 
animals  remained  depressed,  it was possible to fol low 
respi ra tory  changes  dur ing  several hours .  The morph ine -  
induced  h y p o t h e r m i a  was also an tagon ized  by TRI t ,  and in 
60 t.)t) rain the an imals  exh ib i t ed  h y p e r t h e r m i a  of  0.5"(" 
above  normal ,  a f te r  which they r e tu rned  to the i r  no rmal  

base-line t empera tu res ,  a l t hough  seda t ion  anti analgesia still 
persisted.  

Scopolant ine-TRt l  Interactions in Conscious and Pento- 
harhital-lYetreated Rahbits  

Breese et al. [3] d e m o n s t r a t e d  that  an t icho l inerg ic  drugs 
an tagon ized  the  awaken ing  effect  of  TRH in pen toba rb i t a l -  
t rea ted  mice. We, there fore ,  d e t e r m i n e d  whe the r  s c o p o f  
amine  would modi fy  the effects  of TRH in consc ious  and 
p e n t o b a r b i t a l - n a r c o t i z e d  rabbits .  In consc ious  an imals  sco- 
po lamine  (30 ug l ( 'V)  p roduced  slight exc i t a t ion  and 
h y p e r t h e r m i a  in some animals  whereas,  in o thers ,  no 
changes  were p roduced .  No observable  effects  were present  
when  1 mg/kg was given IV. Upon  admin i s t r a t i on  of  TRH 
to these an imals  a marked  p o t e n t i a t i o n  of behavioral  
exc i t a t ion  and h y p e r t h e r m i a  was p roduced ,  anti some 
animals  s u c c u m b e d  f rom the ex t r eme  increases in body  
t empera tu re .  

As descr ibed above,  TRH reduced the p e n t o b a r b i t a l  
narcosis  to a b o u t  one- f i f th  of  its no rmal  dura t ion .  Scopol-  
amine  s ignif icant ly  ( p < 0 . 0 5 )  increased the du ra t ion  ol  
p e n t o b a r b i t a l - i n d u c e d  narcosis  (Table  2). However,  in these 
animals  TRH no longer exer ted  its awaken ing  effect .  The  
TRH- induced  t a c h y p n e a  and h y p e r t h e r m i a ,  however ,  were 
not  an tagon ized  in the  s c o p o l a m i n e - p e n t o b a r h i t a l  pre t reat -  
ed animals .  The  h y p e r t h e r m i a  was actual ly  p o t e n t i a t e d  in 
that  b o t h  peak in tens i ty  and du ra t ion  of ac t ion  were 
enhanced .  All of  these effects  occur red  while the animals  
were in the narco t ized  state.  Several of these animals  died 
dur ing  the subsequen t  12 hr, p re sumab ly  as a result  of the 
pro longed  h y p e r t h e r m i a .  

I ) IS ( ' t lSSION 

TRH admin i s t e red  I( 'V to consc ious  rabbi t s  p roduced  a 
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TABI.E 2 

EFFECT OF SCOPOLAMINE ON THF TRH ANTAGONISM OF 
PENTOBARBITAL NARCOSIS 

Drug Duration of 
Combination Narcosis (mini* 

Pentobarb + Saline 80 _,- 9 (1()) 

Pentobarb+TRIt  If) ~. 5 ( l ib  

Scopolamine+ I11 , 10(5) 
Pentobarb + Saline 

Scopolamine + 103 ~. 14 (6) 
Pentobarb + TRH 

*Time in min ~ seTrl from the time of saline or TRH administra- 
tion in pentobarbital-pretrcated rabbits. Pentobarbital was given in a 
dose of 25 mg/kg IV. Scopolamine (30 ~g) and TRtt (25 ~g) were 
administered ICV in a volume of I 0 el. A period of 30 rain elapsed 
between the administration of each drug or saline, l-:igures in paren- 
theses represent number of animals in each group. 

dose-re la ted s t imu la t ion  of  the cent ra l  nervous  sys tem,  
pr imar i ly  mani fes ted  by behaviora l  exc i t a t ion ,  t a chypnea ,  
h y p e r t h c r m i a  and,  with higher  doses, compuls ive  scratch-  
ing. Some of  these effects  resemble  those  p roduced  by 
a m p h e t a m i n e ,  hut  f rom an tagonis t  s tudies ,  the i r  mechan-  
isms appear  to  hc d i f ferent .  For  ins tance ,  we find that  the 
ncurolept ics ,  such as c h l o r p r o m a z i n c  and  ha loper idol ,  block 
a m p h e t a m i n e - i n d u c e d  exc i t a t ion  and h y p e r t h e r m i a ,  but  not 
lhosc p roduced  by TRI t .  A lpha -n | e thy l -p - ty ros ine  and 

6 - h y d r o x y d o p a m i n e  ( l ( 'V) ,  also an tagonis t s  of amphc l -  
amine ,  do not in ter fere  with  TRH. Of the many  c o m p o u n d s  
we have thus far examined  only p h e n t o l a n l i n e  and mor- 
ph ine  p roduce  al least part ial  antagonisn]  of  the TRl t -  
induced  exc i ta l ion .  Because of its poor  pene t rab i l i ty  in to  
the central  nervous  sys tem,  p h e n t o l a m i n e  in ject ions  were 
made direct ly  in to  the lateral ventricles.  A l though  its 
b locking  ac t ion  is t rans ient ,  all ef fects  of TRII  arc delayed 
for 10 15 min,  af ter  which T R l l  effects  arc evident .  The 
p h e n t o l a m i n e  b lockade  of  TRII  is prol lahly  not  associated 
with the e~-adrenergic-blocking p roper ty  of p h c n t o l a m i n e ,  
since p h e n o x y b e n z a m i n c ,  a centra l ly-act ive  o -an lagonis l ,  is 
ineffect ive against TRH. The p h e n t o l a m i n e  b lockade  oi 
TRH may he similar to tile an tagonisn l  of  tile cyclic AMP 
effect  on ha rb i t u r a t e  narcosis  in rats [71. 

By far the most in t r iguing aspect of  this research is that  
of  TRH an tagon iz ing  the narcosis  p roduced  by pen tobar -  
bital and o the r  depressants ,  bul not  that  p roduced  by 
morph ine .  The arousal  f rom p e n l o h a r b i l a l  is especially 
s t r ik ing since animals  regain thei r  r ight ing reflex wi th in  
10 15 rain af te r  TRII  admin i s t r a t i on ,  while saline con t ro l s  
c o n t m u e  to sleep for a fu r the r  g0 rain. In earlier s tudies  we 
found  that  large doses of  TRH {50 100 ~g) sho r t ened  the 
du ra t ion  of  p t n t o b a r b i t a l  narcosis  to a few minutes .  "l-he 
lowest  dose tha l  p roduces  an a n t i p e n l o h a r h i t a l  effect  is 
be tween  0.1 1 .0ug.  

The fact that  TRII  exer ts  its awaken ing  effect  :,gainst a 
n u m b e r  of  cent ra l  nervous  system depressants  indicates  thal  
it is not a specific an tagonis t  against a single group of  
s t ruc tura l ly  related agents ,  but  ra ther  is assock, led perhaps  
wilh the b roade r  p ic ture  of  wakefulness  and narcosis.  ( ' ohn  
[0 ] ,  who  has shown an awaken ing  ac t ion of dil~ulyryl 
cyclic AMP against many  depressams,  has pos tu la lcd  a 
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model  for narcosis  based on the  " 'second n tessenger"  
hypo thes i s ,  in which  cyclic AMP plays the key role in 
de t e rmin ing  the  level of  arousal  or narcosis.  He includes  
TRH in this  scheme as a possible inh ib i to r  of n e u r o h o f  
mones  involved in the  mechan i sm of  sleep and narcosis.  We 
have also found  lha t  d ibu ty ry l  cyclic AMP an tagon izes  not  
only  p e n t o b a r h i t a l  narcosis ,  but  also m o r p h i n e - i n d u c e d  
sedat ion  in rabbi ts .  Since TRI t  does  not  arouse rabb i t s  f rom 
morph ine  seda t ion ,  it would appear  tha t  the TRH- induccd  
arousal  f rom ba rb i tu r a t e s  does  not  necessari ly involve the 
cyclic AMP system.  

Al though  the  ntechanisn~ of  T R H - i nduccd  arousal  is as 
yet unresolved,  it is clear that  sho r t en ing  of  narcosis  is 
unre la ted  1o e i ther  a l tered d i s t r ibu l ion  or me tabo l i sm of 
the depressant  ager~t [ 31. ()n the  o t h e r  band .  the  b lockade  
of  arousal  by scopo lamine  suggests a possible chol inergic  
invo lvement ,  as was suggested by Breese et  al. 13 I. Some of 
our  p re l iminary  data also indicate  tha t  se ro ton in  may play a 
role in the TRH arousal  since, af ter  5-1IT dep le t ion ,  the 
TRII  reversal of  p e n t o b a r h i t a l  narcosis  is marked ly  a t t enu -  
ated 1131. However,  b o t h  chol inergic  and sero tonerg ic  
mechan i sms  arc not involved in the TRII  effects  in 
consc ious  animals.  After  s copo lamine  or p -ch lo ropheny l -  
a lanine p r e t r e a t m e n t ,  consc ious  animals  respond to TRH in 
a normal  or exaggera ted  manner .  

The  sedat ion  p roduced  by m o r p h i n e  represen ts  an 
in teres t ing  excep t ion  in tha t  it b locks  the awaken ing  effect  
of  TRII .  Morph in ized  an imals  given TRII  exhib i t  t a c h y p n e a  
and h y p e r t h e r m i a ,  but  in all o t h e r  respects  resemble  con t ro l  
m o r p h i n e  animals.  From these results  we may conc lude  
that  the mechan i sm of  m o r p h i n e - i n d u c e d  sedat ion  in 
rabb i t s  is d i f ferent  l rom lhal  p roduced  by pen t oba rh i t a l ,  
benzod iazep ines  or lhe neurolept ics .  Also, as m e n t i o n e d  
earlier, m o r p h i n e  is one of the few an tagon is t s  of  TRH- 
induced exc i t a t ion  in consc ious  animals.  The an tagon ism is 
not  merely  because of lhe drugs possessing oppos ing  
act ions .  When small doses of  m o r p h i n e  (4 mg/kg  IV) are 
used to p roduce  seda t ion ,  large doses of  TRII  1100 200 
~g) do not visibly overr ide  the  m o r p h i n e  sedat ion.  Such 
results  raise the qt, es t ion  of  w h e t h e r  m o r p h i n e  might  
p roduce  its sedative effect by an tagon iz ing  e n d o g e n o u s  
TRII  acl ivi ly.  

While most  of  this  discussion has cen te red  a round  the 
arousal  p roper t i e s  of TRII ,  we feel that  the h o r m o n e -  
induced  s t imu la t ion  of  respi ra t ion  represen ts  more  than  an 
anci l lary ac t ion  to the  arousal  state.  In the  consc ious  an imal  
t a c h y p n e a  is the on ly  observab le  effect  sccn wi th  small  
doses of  TRH (0.1 ,ug), while in pcn toba rb i t a l - na r co t i z cd  
rahb i l s  it a lways accompan ie s  the arousal  p h e n o m e n o n .  
Even when  arousal  is b locked by scopo lamine ,  t a chypnea  is 
present .  The  respi ra tory  s l imula t ion  may c o n t r i b u t e  to the 
an tagon i sm of  p e n t o b a r b i t a l  narcosis:  when  rabb i t s  are 
overdosed  with lethal  closes of  pen toba rh i t a l ,  it is possible 
to restore  respi ra t ion  rapidly if TRt l  is admin i s t e red  
immedia t e ly  af te r  the pentobar l f i ta l .  I.lnder these condi-  
t ions  the animals  do not recover  thei r  r ight ing reflexes unt i l  
much  later.  A similar response is seen af te r  morph ine -  
induced depress ion  of  respi ra t ion.  Such obse rva t ions  lead us 
to speculate  on the possibi l i ty  of  TRII  as a chemical  
med ia to r  of  respi ra tory  regulat ion.  

The  present  work has d e m o n s t r a t e d  several ac t ions  of 
TRII  on the  cent ra l  nervous  sys tem which are unre la ted  Io 
its h y p o p h y s i o t r o p i c  func t ion .  Some of  these,  such as the 
arousal ,  t achypnea  and h y p e r t h e r m i a ,  are p roduced  with 
ex t r eme ly  small doses. Because of  this  it b ecomes  ex t reme-  
ly t e m p t i n g  to specula te  on the possible physiological  
f unc t i ons  of  TRH in the centra l  nervous  system. The  
ques t ion  is even more  relevant  since lhe discovery of  TRI t  
in many  regions of the brain 121] ,  instead of only in the 
h y p o t h a l a m o - h y o p h y s e a l  area us previously though t .  In 
add i t ion .  Burl and Snyder  15] recent ly  repor ted  on the 
presence of  h igh-a f f in i ty -b ind ing  sites for TRH in brain-cell  
membranes .  These,  too, arc d i s t r ibu ted  widely t h r o u g h o u t  
the brain,  and the au tho r s  look upon  these b inding sites as 
the possible recep tors  for TRH.  All of  these f indings 
s t r eng then  the idea that  TRH and o t h e r  n e u r o p e p t i d c s  may 
have in tpor t an t  func t ions  in the  cent rz, l nervous  system. 
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