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I,EE. T. F., J. R. HEPLER AND R. D. MYERS. Evaluation ofneurotensin's thermolytic action by I('V infusion with 
receptor antagonists and a Ca ~* chelator. PHARMACOL BIOCHEM BEHAV 19(3) 477-481, 1983.--To investigate the 
mechanisms responsible for the thermolytic action of neurotensin (NT). cannulae for intracerebroventricular (ICV) injec- 
tion were implanted stereotaxically in Sprague-Dawley rats. Postoperatively, body temperature in the unrestrained rat was 
monitored continuously by a colonic thermistor probe. NT in a dose of 1.5--4.5 gg or CSF carrier vehicle was infused 
bilaterally in the cerebral ventricle (ICV) in a volume of 7.5 p.I. With the rats kept at an ambient temperature of 22°C, NT 
given ICV produced a dose-dependent fall in core temperature of greater than 0.8°C. Pre-treatment of the animal's cerebral 
ventricle with amine receptor antagonists, phentolamine (20.0 p.g), butaclamol ( 10.0 txg), methysergide (20.0/zg) or atropine 
(25.0 p.g), all similarly infused ICV, failed to alter the hypothermia induced by NT. However, the calcium chelating agent, 
EGTA, given ICV in a dose of 4.0-8.0/zg blocked the thermolytic effect of NT on body temperature in a concentration- 
dependent manner. These results suggest that the central thermolytic action of NT is not mediated by catecholamine or 
other aminergic pathways which are implicated in the central mechanisms of thermoregulation. Rather, the peptide may act 
on a cellular process involving calcium activity in the hypothalamus, presumably to impair the maintenance of the animal's 
"'set-point'" for body temperature. 

Neurotensin Monoamine theory EGTA Set-point Thermolytic response Hypothermia 
Calcium ions Receptor antagonists Thermoregulatiun 

MANY endogenous substances including neuroactive pep- 
tides, administered directly into the brain, exert an effect on 
body temperature [4,17]. However,  nearly all of the obser- 
vations obtained with peptides are limited in two respects. 
First, the functional meaning of  a peptide-induced alteration 
in body temperature has not been elucidated [13]. Secondly, 
the mechanism of the thermolytic action of a given peptide 
[3] has not been integrated into one of the current theoretical 
views of the neurohumoral and ionic control systems in the 
CNS underlying the regulation of  body temperature [21]. 

When injected centrally, neurotensin (NT) evokes a 
number of  physiological and behavioral responses in differ- 
ent species [10,11 ]. For example, this tri-decapeptide given 
intracerebroventricularly (ICV) in the rat causes a fall in its 
body temperature [2[ which is exacerbated in a cold en- 
vironment [14]. Although this peptide may serve as a "neuro- 
modulator" since its thermolytic action apparently can be 
mediated within the anterior hypothalamic, preoptic area 
[13], the fundamental mechanism for the effects of  NT re- 
mains obscure. Based on results with receptor antagonists 
injected systemically, it has been suggested that other than 
dopamine, neither a monoamine nor acetylcholine is in- 
volved in the thermolytic action of NT [29]. This interpreta- 

tion could be misleading because a given antagonist: (I) may 
not penetrate the blood-brain barrier [18]; (2) could exert its 
effect non-specifically on a peripheral thermoregulatory 
process [22]; or (3) lack specificity in terms of  the class of 
receptor occupation. In relation to these points. 
phenoxybenzamine has been shown to act on several types 
of receptor [3]. Moreover, haloperidol given systemically 
even in moderately low doses can produce catalepsy in the 
rat [ 15]. 

The present study was undertaken to examine several 
alternative neuronal mechanisms in the brain which could be 
responsible for the reported hypothermia caused by NT. In 
this case, the procedure of  ICV infusion was used not only to 
circumvent the blood-brain barrier [ 19] but also to eliminate 
the confounding effect on differentiated systems in the brain 
of  a peripherally administered drug [22]. Further, in contrast 
to drugs used previously, more specific pharmacological 
antagonists of  catecholamine and indoleamine receptors 
were used, namely, phentolamine, butaclamol and 
methysergide instead of phenoxybenzamine, haloperidol and 
PCPA. Finally, since several peptides are thought to disrupt 
thermoregulation by interfering with the animal's physiolog- 
ical "'set-point'" for body temperature [I,3], the relationship 
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,,,,as inves t iga ted  b e t w e e n  the the rmoly t i c  ac t ion of  NT and 
the  molecu la r  p roces s  in the brain be l ieved to main ta in  the 
- s e t - p o i n t ' "  for body  t e m p e r a t u r e :  i .e. ,  the rat io be tween  
d iencepha l i c  sodium and  ca lc ium ions [18, 23, 261. 

M I I ' H O D  

Female  Sprague-Dawley  rats  weighing 31.10 to 400 g were  
housed  in individual  cages  at a room t e m p e r a t u r e  of  21-22%'.  
They  were  ma in ta ined  on a 12-hour l ight-dark cycle  with 
wa te r  and Pur ina  food pel lets  ava i lab le  ad lib. 

Surt, ical Pro('cdures 

Each  guide cannu la  for 1CV infusion was cut f rom 23- 
gauge th in-wal led  s ta in less  steel tubing to a length of  15.0 
mm. U n d e r  sodium pen tobarb i t a l  anes thes i a  {35 mg/kg IP), a 
guide tube  was implan ted  bi lateral ly in each  rat fol lowing 
p r o c e d u r e s  desc r ibed  ear l ie r  [16]. and utilizing the fol lowing 
s t andard  s t e reo tax ic  coord ina te s :  A P = 5 . 8  mm.  L a t - l . 5  
ram, H o t = 2 . 0  mm below the dura  mater .  The  tip of  each  
guide tube  was beve led  and  pos i t ioned  1.0 mm a b o v e  the 
lateral  vent r ic le  in o rde r  to min imize  damage  to the  actual  
infusion site. A 27-gauge indwell ing stylct  was  a lways  kept  in 
the cannu l a  to p reven t  its occ lus ion.  

Af ter  comple t i on  of  the e x p e r i m e n t s ,  the precise  
ana tomica l  locat ion of  the in jec tor  c annu l a  was s u b s e q u e n t l y  
verif ied his tological ly  acco rd ing  to s t andard  ana tomica l  pro- 
cedures .  

l('mp~'r(tlltr(" l~]('(i.'~/ir('Dl~'/lt.~ 

The  core  t e m p e r a t u r e  of  the un re s t r a ined  rat was meas-  
ured con t inuous ly  by a YSI 401 t h e r m i s t o r  probe  inser ted  
into the a n i m a l ' s  co lon  to a dep th  of  4.(1-6.0 cm. The  probe  
was held in place by adhes ive  tape wrapped  gently a round  
the base  of  the tail. Colonic  t e m p e r a t u r e  was recorded  eve ry  
15 min for at least  1.5 hr be tb rc  an infusion was given and at 
five rain in tervals  thereaf te r .  

I ( 'V  Administration o[  (ontpottnd,s 

One week  af ter  surgery ,  each  rat was tes ted  with a s tand-  
ard test  dose  of  20.0 # g  no r ep i neph r i ne  (Nt-)  g iven ICV [28]. 
Only  those  an imals  which  r e sponded  to N E  with a fall in core  
t e m p e r a t u r e  of  more  than  0.5°C were  inc luded for fu r the r  
s tudy.  

"The fl~llowing c o m p o u n d s  w.ere used: a t rop ine  sulfilte 
(Fisher) ,  bu tac l amol  hydroch lo r ide  tAyers t ) ,  e thyl-  
eneg lyco l -b i s -N ,N ' - t e t r a - ace t i c  acid I E G T A )  ISigmal ,  
me thyse rg ide  b imalea te  (Sandoz) ,  neu r o t ens i n  (Bachem) ,  
no rep ineph r ine  hydroch lo r ide  (Sigma) and  p h e n t o l a m i n e  hy- 
d roch lo r ide  ICIBA-Geigy) .  Each  drug  was  p repa red  im- 
media te ly  before  an expe r imen t  began  in a pyrogen-f ree  arti- 
ficial C S F  con ta in ing  Na-  127.7, K" 2.6. C a '  ' 1.0, Mg" • 0.9 
and  CI- 132.1 mM [16]. To serve  as an an t i -ox idan t ,  0.1 
mg~ml ascorb ic  acid was added  to the solut ion of  NE.  Each  
test  solut ion was a lways  passed  th rough  a I).22 # m  Swinnex  
mill ipore filter and then  infused bi la teral ly  in a vo lume of  7.5 
/.zl into the lateral vent r ic les  by gravi ty  t'low. The  recep to r  
an tagon i s t s  were  similarly infused ICV, 15 min before  the 
agonis t ,  in doses  which  previous ly  have  been  s h o w n  to b lock  
the i r  r espec t ive  agonis t  ac t ions  15, 6, 171. The  doses  in the 
Resul ts  sect ion are exp re s sed  in t e rms  o f  mic rog rams  of  the 
salt. 
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Stati,~tical ,4nah',~i.~ 

(. . 'omparisons be tween  groups  were made  by e i ther  two- 
tailed S tuden t  t - tes ts  or two-way A N ( ) V A ,  and unless  
o the rwise  s ta ted ,  a significant  d i f ference  be tween  groups  
was taken  as p<0.(15 1321. For  each  compar i son ,  the 
mean  '_S.E. is p resen ted  as the index of  the response .  

Rt 'SULTS 

I( "V h~lil~i,m ,:l  N I  

When  the rat was kept  at an ambien t  t empe ra tu r e  of22~(  ", 
an ICV infusion of  artificial C S F  exer ted  no significant  effect 
on the an ima l ' s  body  t empera tu re .  ( ' o n v c r s e l y .  an ICV infu- 
sion of  1.5 ,ag N l  caused  an immedia te  fall in core  tempera-  
ture .  as sho~,vn in Fig. I. which  reached  a nadir  of  0.85't." 
within 3(I-41) min af ter  the infusion.  Figure 1 i l lustrates the 
g rea te r  l, dl in the a n i m a l ' s  t empe ra tu r e  p roduced  by NT 
when  the dose  was increased  to 4.5 /.tg. 

1"SJ'l~'ct ql' l:(iTA on t lypothcrmia Induced by ,\"7 Vcrw~.~ ,'Vii 

To e lucidate  the effect of  the cent ra l  che la t ion  of  calc ium 
on NT- induced  hypo the rmia ,  1.5 #g  of  the pept ide  was used 
as a submax ima l  test  dose  l\~r this part of  the stud~¢. As 
repor ted  prev ious ly ,  an ICV infusion of  EGTA causes  a 
slight rise in the core  t e m p e r a t u r e  of  the rat [241, i.e., 4.0 #g  
induces  a rise of  *0 .24  '-0.15 In =4) whereas  8.0 p,g increased  
t e m p e r a t u r e  by * 0 . 3 7 ~ 0 . 1 4  In=6) .  In ne i the r  case  was the 
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FIG. 2. Mean colonic temperature of the rat (n ~ 5) in response to ICV infusion of either: (A) 1.5/zg NT, 
or (B) 20 #g N E, after pre-treatment with either CSF or EGTA. Vertical bar indicates standard error. 
Each asterisk shows significant difference from CSF-pre-treated NT group (p, 0.05, Student t-test). 

change  s ignif icant ly  different  f rom that  of  the C S F  cont ro l .  
H o w e v e r ,  as shown  in Fig. 2A, the h y p o t h e r m i a  fol lowing 
the ICV infusion of  NT was signif icant ly a t t enua t ed  in a 
dose - re la ted  m a n n e r  by ICV p re - t r ea tmen t  with  bo th  4.0 and 
8.0/.,tg doses  of  E G T A  infused 15 min ear l ier ,  F(2 ,12)=6.16 ,  
p ~ 0 . 0 1  : dose  × t ime i n t e r a c t i o n -  F(8 ,96)=3 .50 ,  p ~ 0 . 0 1 .  

In a g r e e m e n t  with  p rev ious  f indings 128], the ICV ad- 
min is t ra t ion  of  20 /zg  of  N E  induced  a s ignif icant  hypo the r -  
mia in the rat,  as i l lus t ra ted in Fig. 2B. In con t ras t  to the 
b lockade  of  N T - h y p o t h e r m i a ,  E G T A  infused I ( 'V  failed to 
p reven t  the N E - i n d u c e d  fall in the  a n i m a l ' s  body  t empera -  
ture.  As depic ted  in Fig. 2B, only  the h igher  dose  ofS .0 / . tg  of  
E G T A  tended  to re tard  slightly the magni tude  of  NE- 
h y p o t h e r m i a ;  howeve r ,  this d i f ference  was not s ignif icant ,  
F (2 ,12)=0 .18 :  dose  × t ime in te rac t ion  =F(5 ,60 )=0 .36 .  

Receptor Antagoni,~t,v and N /  Hypothermia 

Figure 3 p resen t s  a c o m p a r i s o n  of  the  mean  maximal  de- 
cline in the rats" body  t e m p e r a t u r e  in r e sponse  to NT infused 
I ( 'V  af te r  se lected r ecep to r  an tagon i s t s  wcrc infused by the 
same route.  P re - t r ea tmen t  with e i the r  10.0/zg bu tac lamol  or  
20.0 #g  me thyse rg idc  given ICV failed to a l te r  the 
h y p o t h e r m i c  r e sponse  to NT. Even  though  a slight 
e n h a n c e m e n t  of  the NT- induced  decl ine  in t e m p e r a t u r e  was 
o b s e r v e d  af te r  ICV p re - t r ea tmen t  with 20.0 ,u,g p h e n t o l a m i n e  
or  25.0/xg a t rop ine ,  the overa l  mean  maximal  c h a n g e  in core  
t e m p e r a t u r e  was not s ignif icant ly  different  f rom that  of  the  
C S F  cont ro l  (Fig. 3). As shown  prev ious ly  1251, ICV pre- 
t r e a tmen t  with these  doses  of  the amine  r ecep to r  an tagon i s t s  
a lone  p roduced  no signif icant  a l te ra t ion  in the body  t empera -  
ture  of  the rat when  c o m p a r e d  with C SF- t r ea t ed  cont ro l s .  

Tab le  1 p re sen t s  a t empora l  c o m p a r i s o n  at four  20-min 
in te rva ls  of  the ICV effects  of  each  of  the r ecep to r  
an tagon i s t s  on  NT- induced  hypo t he r m i a .  It is ev iden t  f rom 
the Table  that  all va lues  deno t ing  the ave rage  decl ine  in the 
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FIG. 3. Mean maximum change in core temperature (n-5)  after 
EGTA or four receptor antagonists on hypothermia induced by ICV 
infusion of 1.5/,tg NT. Dose in/,tg follows compound's abbreviation. 
Standard errors are depicted on each vertical bar. Each asterisk 
denotes significant difference from CSF-pre-treated NT group 
(p':'0.05, Student t-test). 
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T A B L E  1 

HYPOTHERMIA RECORDED AT 20 MINUTE INTERVALS AF'TER ICV INFUSION OF TRANSMITTER 
RECEPTOR ANTAGONIS'IS FOLLOWED BY 1.5 ~xg NT GIVEN ICV IN THE RAT'~ 

Post-Injection Time lin Minutes) 

Treatment + 1.5 p.g NT 20 40 60 80 

CSF -0.51 _+ 0.04 -(}.84 - 0.20 0.29 ~ 0.12 -(I. 19 t 0.14 
phentolamine (20/~g) -0.85 _- 0.10" - I .04  ~ (}.09 --0.48 _+ 0.18 -0.10 ' (}.19 
butaclamol (10/zg) -0.53 _+ 0.13 0.88 '_ 0.18 -0.53 _+ 0.23 0.(}5 • (I.09 
atropine (25 ~g) -0.80 + 0.17 1.08 _' 0.30 - (}.51 ÷ 0.23 --0.26 _" 0.09 
methysergide 120/xg) --(I.68 + 0.09 0.73 z 0.10 -0.19 ~- (I.11 0.06 _- 0.13 

-Each value represents mean decline in baseline core temperature recorded at the time of NT 
infusion. 

*Significant difference from CSF controls, p<~0.05 (Student t-test). 

rats" body tempera ture ,  following the respect ive  ICV infu- 
sion of  each compound,  was in each case within 0.2°C. 

DISCUSSION 

Even though the central  administrat ion of  NT produces  a 
hypothermic  response  in the rat kept at room tempera ture  
[2,14], in most cases  the dose of  NT  typically used is much 
higher than that required to elicit analgesia  [7]. This raises 
the possibili ty that the hypothermia  caused by NT  may be 
secondary  to a decrease  in act ivi ty,  sedation or  a more gen- 
eral impairment  of  au tonomic  function. In order  to evaluate  
the underlying mechanism,  a lower  dose of  NT  is thus re- 
quired to el iminate these potentially confounding side- 
effects.  One way to ach ieve  this is to provide a sufficient 
vo lume of  carr ier  infusate,  as used in this s tudy,  to ensure 
that NT  is dispersed widely throughout  the bra in ' s  ventricu- 
lar system. Since no ~os tmor tem enlargement  of  the ven- 
tr icular spaces was observed  on our  study, this was a valid 
recourse  in that: (1) the solution was infused by gravity flow 
rather than by forced ICV injection: and (2) the vo lume of 
infusate was well below the limit o f  the ventricular lumen [ 19]. 
Thus.  in terms of  dilution and concentra t ion  factors [ 18], the 
eff icacious dose used in the present study was actually much 
lower  than that used previously.  

Fol lowing the introduction of  the monoamine  theory of  
thermoregula t ion  in the early 1960"s [9], additional classical 
ncurot ransmit ters  including acetylchol ine  were  implicated in 
the central  mechanisms of  thermoregula t ion [17]. From the 
results of  the present study,  however ,  it is clear  that NT- 
induced hypothermia  is apparent ly  not mediated by central 
muscarinic ,  c~-adrenergic or serotonergic  receptors  bel ieved 
to mediate  the neuronal  pathways for heat loss and heat 
product ion [21]. That is. the central  pre- t reatment  with an 
antagonist  which impairs t ransmission in these neuronal  
" ' c i rcu i t s"  does not alter the thermolyt ic  response to NT. 
The slight enhancement  of  NT-induced hypothermia observed 
in the rat pro-treated ICV with phentolamine  or  atropine may 
have been due to their respect ive  inhibition of  the neurons 
bel ieved to comprise  the heat product ion system in the hypo- 
thalamus I271. 

In d isagreement  with a previous study [29], NT-induced 
hypothermia  was not enhanced  after ICV pre- t reatment  with 
a specific dopamine receptor  antagonist ,  butaclamol.  In fact, 
the intensity of  the decline in the rats" body temperature  was 

essential ly identical to that observed  in the absence of  this 
dopaminergic  antagonist .  The discrepancy may be due to the 
fact that the enhancement  of  NT-induced hypothermia  oc- 
curred only when a dose of  haloperidol  given systemically 
was used which in itself caused a substantial  reduct ion in 
body temperature  [29]. Moreover ,  it is well documented  that 
the stimulation of  central  dopamine receptors  causes a fall in 
core  temperature  of  the rat 18]. Therefore ,  it is difficult to 
interpret  an enhancement  of  hypothermia  by haloperidol ex- 
cept on the basis of  relat ive non-specif ici ty of  the drug used, 
the dose adminis tered,  or  its route of  adminis t ra t ion- -  
peripheral.  

Overal l ,  it is thus clear that the NT-induced decline in 
core  tempera ture  does  not depend on any of  the acknowl-  
edged neurot ransmit ter  systems in the brain that play a 
functional role in thermoregula tory  processes  1211. In con- 
trast, the central chelat ion of  C a '  ~ ions by E G T A  given ICV 
inhibits the thermolyt ic  effect of  NT in a dose-related man- 
ner. This at tenuat ion could not simply be ascribed to the 
thermogenic  property of  E G T A  [24] since the hypothermia  
induced by NE is not significantly altered by E G T A  given 
similarly. One pars imonious explanat ion for the ameliorat ive 
action of  E G T A  is that the hypothermia  elicited by NT  in 
fact requires an endogenous  neurot ransmit ter  o ther  than one 
o f  several  that have been investigated in the present study. 
By reducing the availability of  Ca -~ ions on neuronal mem- 
branes or  terminals of  the efferent pathway delegated to heat 
dissipation,  the thermolyt ic  effect o f  NT  could be prevented.  
An al ternat ive explanat ion is that NT interferes with the 
functional mechanism responsible for the maintenance of  the 
body temperature  " ' se t -point ,"  which is postulated to in- 
volve the intrinsic ratio be tween  calcium and sodium ions in 
the hypothalamus 1261. Since the established " 'set-point '"  
temperature  can be reset by EGTA 123], it is possible that 
NT  thus fails to elicit its effect after E G T A  pre-treatment  
because  the "se t -poin t ' "  is already shifted. Since the 
poster ior  hypothalamus is the locus of  the cation set-point 
m e c h a n i s m ,  this region should be except ional ly  sensitive to 
NT. Although this area has not been examined  in the only 
study published to date on anatomical  mapping of  N T ' s  ef- 
fect on temperature  1131, the finding that the hypothermic  
response to NT is unaffected by an electrolyt ic  lesion of  the 
anter ior  hypothalamus 1301 would favor  this view. 

Recent  observat ions  made in our I ,aboratory suggest that 
NT  does possess  poiki lothermic attributes. Exposure  of  the 
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rat to a warm ambient  t empera tu re  immedia te ly  af ter  NT is 
adminis te red  ICV preven ts  or a t tenuates  the typical 
hypo the rmia  [121. In relation to this is the obse rva t ion  that 
the poiki lothermic effect  of  o the r  c o m p o u n d s  such as alcohol 
or  a surgical anes the t ic  is e i ther  blocked or reversed  by the 
central  chelat ion of  calcium ions by EGTA again infused 
ICV [24,25]. Conver se ly ,  antagonis ts  o f  monoamine  recep-  
tors  do not al ter  drug- induced  poiki lothermia,  which corre-  
sponds  to the findings o f  the present  invest igat ion.  

Therefore ,  taking all of  these  obse rva t ions  together ,  it is 
likely that NT does  not possess  any regulatory role in the 
sensory  signaling, cellular integrat ion,  and efferent  p rocess -  

ing of  thermal  informat ion required for the adapt ive  defense  
of  the b o d y ' s  set t empera ture .  Whe the r  or not this pept ide  
has any functional  role in the mechan i sm which in most  
mammals  es tabl ishes  the body tempera ture  set-point  at 37°C 
also remains  equally uncertain.  
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