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Exper iments  on unanesthet ized ra t s  showed that  the hype r the rmic  effect  of pros taglandin  E 2 

(PG-E2) is not prevented  by asp i r in ,  but can be cons iderably  weakened by injection of a reco l ine ,  
noradrena l in ,  sero tonin ,  h i s tamine ,  and CaCI 2 into the la te ra l  ven t r i c les  of the b ra in  or by 
in t raper i tonea[  injection of e s e r i n e .  Exper iments  on unanesthet ized rabbi t s  showed tha t  a r e c o -  
line and nicotine have a s i m i l a r  act ion on PG-E2-induced h y p e r t h e r m i a  if injected into the 3rd 
ven t r i c l e .  Effects of se ro tonin  and arecol ine  a lso  were  found when re in jec ted  into the c e r e b r a l  
v e n t r i c l e s .  In the center  for  heat loss there  a r e  evidently m e c h a n i s m s  which incorpora te  cho-  
l inergic neurons whose activi ty is not total ly inhibited by pros tag landins .  

KEY WORDS: pros taglandin  hype r the rmia ;  chol inomimet ics  ; monoamines ;  ca lc ium chlor ide;  
a sp i r in .  

Injection of pros taglandins  (PG) of the E group,  which p e r f o r m  the function of "med ia to r s "  of f ever  in 
the hypothalamic  cen t e r s ,  into the c e r e b r a l  ven t r i c l e s  of homoio the rmic  an imals  leads to a rapid  and cons ide r -  
able r i s e  in the body t e m p e r a t u r e  [6, 7, 9, 15]. This effect  is not prevented  by ant ipyre t ics  [8,13] but is weak-  
ened by antagonis ts  of monoamines  [10,11] and Ca ++ [8]. An opposi te ,  i . e . ,  hypothermic ,  effect  is observed 
in many an imals  in r e s pons e  to exci ta t ion of cen t ra l  chol inergic  s y s t e m s ,  and in r a t s  it occurs  not only a f te r  
injection of cho l inomimet ics ,  but a l so  as a r e su l t  of injections of monoamines  [3-5, 9] and a lso  of solutions 
with a high Ca ++ concentra t ion  [9, 14] into the c e r e b r a l  ven t r i c l e s .  However ,  the question of re la t ions  between 
n e u r o m e d i a t o r s ,  ions,  and pros taglandins  has not yet  been  adequately studied and, in pa r t i cu l a r ,  the hypothesis  
that  the hype r the rmic  effect  of pros taglandins  may  be modulated by act ivat ion of ce r t a in  neuromedia to r  m e c h -  
an i sms  of the b ra in  r equ i r e s  expe r imen ta l  conf i rmat ion .  

The object  of the p re sen t  invest igat ion was to study the effect  of M- and N-cho l inomimet ic s ,  n o r a d r e n a -  
lin, sero tonin ,  and h i s tamine ,  and a l so  of an excess  of Ca ++ on the hype r the rmie  effect  of PG-E2 af te r  in jec-  
t ion of the subs tances  into the c e r e b r a l  ven t r i c l e s .  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  ca r r i ed  out on unanesthet ized male  r a t s  weighing 160-180 g (the subs tances  were  in-  
jected into the r ight  l a te ra l  vent r ic le)  and on adult unanesthet ized male  rabbi ts  weighing 2.5-3 kg (the sub-  
s tances  were  injected into the third ven t r ic le  through implanted chemica l  e lec t rodes )  [1,2]. The PG-E 2 used 
was f r o m  the Up john Company,  a r eco l ine ,  nicotine,  and se ro ton in -c rea t in ine  sulfate f rom Reanal ,  and no rad -  
rena l in  hyd ro t a r t r a t e  and h is tamine  dihydrochlor ide  f rom Gee Lawson Chemica l s ;  CaC[ 2 a lso  was used.  
Aqueous solutions of the subs tances  for  the expe r imen t s  on r a t s  were  injected in a volume of not m o r e  than 
20 ~1, and in expe r imen t s  on r abb i t s ,  not m o r e  than 50 ~I .  In t r aven t r i cu la r  injections of monoamines  and 
chol inomimet ics  were  given at var ious  t ime  in terva ls  a f t e r  the injection of PG-E 2 but, as a ru le ,  when the 
r ec t a l  t e m p e r a t u r e  of the r a t s  was ra i sed  by m o r e  than 1.5~ and of the rabbi ts  by more  than 0.5 ~ Asp i r in  
(injected as an aqueous suspens ion  by ga s t r i c  tube) and ese r ine  ( intraperi tonea[  injections) were  used in the 
expe r imen t s  on r a t s .  The body t e m p e r a t u r e  of the an imals  was measu red  per  r e c tum by means  of a TPI~M-1 
e l e c t r o t h e r m o m e t e r .  In the expe r imen t s  on rabb i t s ,  changes in heat loss were  es t imated  f r o m  changes in the 
e a r  t e m p e r a t u r e ,  which was r eco rded  throughout the expe r imen t  by means  of a t h e r m i s t o r  on an I~PP-09 e lec -  
t ronic  po ten t iomete r ,  and a lso  f r o m  the changes in r e sp i r a t i on  r a t e ,  which were measu red  by studying the 
e l ec t r i c a l  act ivi ty of the in te rcos ta l  m u s c l e s .  
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Fig .  1. Effect  of a sp i r in  (A} and e se r i ne  ~ )  on deve lop-  
men t  of P G - E 2 - h y p e r t h e r m i a  in r a t s .  1) Control  (PG-E~; 
n = 10); 2) a sp i r in  + PG-E  2 (n = 6); 3) PG-E 2 + e s e r i n e  
(n = 6). Number  of expe r imen t s  in p a r e n t h e s e s .  Ar row 
m a r k s  t ime  of injection of e se r ine  or  dist i l led wa te r  (con- 
t rol} .  A b s c i s s a ,  t ime  (in min);  ordinate ,  change in body 
t e m p e r a t u r e  (in ~ 
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Fig.  2. Effect  of cho l inomimet ic s ,  monoamines ,  and Ca ++ on deve lop-  
ment  of P G - E 2 - h y p e r t h e r m i a  in r a t s .  A) Single injection of subs tance ;  
B) two injections of subs t ances .  1) Control  (PG-E 2 + dist i l led wate r ;  
n = 10); 2) P G - E  2 + noradrena l in  (n = 6); 3) PG-E  2 +CaCI  2 (n = 8); 4) 
P G - E  2 + h is tamine  (n = 8); 5) PG-E  2 + a reco l ine  (n = 6); 6) PG-E 2 + 
se ro ton in  (n = 6). Remainde r  of legend as in Fig.  1. 

E X P E R I M E N T A L  R E S U L T S  

Injection of PG-E  2 (2 #g) into ra t s  caused the i r  body t e m p e r a t u r e  to r i s e  by m o r e  than 1.5~ a f t e r  only 10 
rain, and a f t e r  20 rain the i nc rea se  was more  than 2.0~ This r eac t ion  was not prevented  by p r e l i m i n a r y  ad-  
min i s t r a t ion  of a sp i r in  in a dose of 300 m g / k g  (Fig. 1A) but it was apprec iab ly  weakened by e sc r ine  (0.3 m g /  
kg), if injected 10 min  a f t e r  the P G - E  2 (Fig. 1B). Inject ion of no radrena l in  (4 pg), se ro ton in  (25 #g), h is tamine  
(30 #g), and CaCl~ (20 ~l of an 80 mM solution) into the ven t r i c l e s  10 rain a f t e r  inject ion of PG-E  2 not only p r e -  
vented a fu r the r  i nc rease  in the body t e m p e r a t u r e ,  but ac tua l ly  reduced it apprec iab ly ,  and s o m e t i m e s  con-  
s ide rab ly  (Fig. 2A), i . e . ,  these  subs tances  had the s ame  effect  on these  an imals  as was observed in the w r i t e r s '  
previous  expe r imen t s  [3-5]. The p re sen t  expe r imen t s  showed that  the effect  of se ro tonin  (25 pg) and a lso  of 
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Fig.  3. Effect of arecoline CA) and nicotine 03) on development of changes induced by PG- 
E 2 in body t empera tu re ,  ea r  t empera tu re ,  and resp i ra t ion  rate in rabbi ts .  I) Changes in 
body tempera tu re  (in ~ II) changes in ear  t empera tu re ;  III) changes in resp i ra t ion  rate 
per minute).  Broken line -- control  (PG-E2, n = 6); continuous line -- PG-E 2 + arecol ine 
or nicotine.  Arrows m a r k  t ime of injection of chol inomimetics .  

the muscar in ic  cholinomimetic arecol ine (10 #g) can be produced over and over again in the same  animals .  It 
will be c l ea r  f rom Fig. 2B that under the influence of serotonfn the recta l  t empera ture  of the ra ts  fell twice to 
its inftial values .  

In rabbits PG-E 2 (200 rig) caused a r i se  of body tempera ture  by more  than 0.5~ after  30 min. The t e m -  
pera ture  was ra ised by more than 1~ 60 min after  injection. Injection of arecoline (50/~g) 30 min after  PG-E 2 
gave a distinct hypothermic effect (Fig. 3A), such as was always observed in these animals under the influence 
of muscar in ic  cholinomimetics [9]. Nicotine (50 ~g) was less effective (Fig. 3B). The effect of arecol ine was 
evidently largely due to st imulation of heat loss in the an imals .  Evidence of this was given by elevation of t h e  
ear  t empera tu re  (through dilatation of the superf icial  vesse ls)  and an increase  in the resp i ra t ion  ra te .  

The resul ts  of the present  experiments  on rats  in which CaC[ 2 solutions were injected into the ce rebra l  
ventr ic les  agreed with other observations [8], which showed that PG-fever  can be reduced by increas ing the 
Ca ++ concentrat ion in the solutions used for ventr icuIar  perfusion in the an imals .  According to repor ts  in the 
l i tera ture  the hyper thermic  effect of PG can also be appreciably weakened by pre l iminary  injection of ~ -  
adrenoblockers  [10,11], 6-hydr0xydopamine [11], and sero toa inaa tagonis t s  [10] into the ventr ic les  or into 
s t ruc tu res  of the hypothalamus.  However,  according to other invest igators  [12], fever  induced by pyrogenic 
agents is res i s tan t  to the action of reserp ine  and 6-hydroxydopamine.  

It follows f rom the resul ts  of the present  experiments  that PG-hyper the rmia  in various animals can be 
reduced by activation of centra l  neuronal mechanisms utilizing acetylchotine and cer ta in  monoamines .  These 
resul ts  are  of definite interest  for they show that it is possible,  in principle,  to lower the body tempera ture  
considerably under conditions simulat ing fever  in d iseases  when ant ipyret ics  are  ineffective. 
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The results of this investigation indicate that the heat loss center in different animals contains mech- 
anisms which incorporate cholinergie neurons whose activity is not signifieanfIy inhibited by PG. There is 
also reason to suppose that the development of febrile reactions is modulated to a considerable degree by the 
functional activity of central choIinergic and monoaminergic systems.  

The authors are gratefu[ to Dr, I. R. Weeks and Dr. J. E. Pike (Upjohn Company, Kalamazoo, Michi- 
gan, USA) for providing the prostaglandins used in these experiments. 
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A B O L I T I O N  OF THE P R E S Y N A P T I C  A C T I O N  OF 

C A R B A C H O L  BY T U B O C U R A R I N E  

E .  E .  N i k o l ' s k i i  and  R .  A.  G i n i a t u I I i n  UDC 615.217.32.015.23:615.217.34 

The presynaptic action of carbachoI (C) was studied in experiments on a neuromuscular prepara- 
tion of the sartorius muscle of Rana ridibunda. C was shown to significantly reduce the quantum 
composition of the endplate potentials (mEPP) as a result of the direct action of C on motor nerve 
endings. D-Tuboeurarine causeda marked decrease in the sensitivity of motor nerve endings to 
C. Relations between C and tubocurarine as regards their action on the quantum composition of 
mEPP were of the competitive antagonism type. Atropine, in low concentrations, had no effect 
on the presynaptic action of C. The results of these experiments indicate that the decrease in 
mEPP under the influence of C is mediated through specific nicotinic cholinergic structures of 
motor nerve endings. 

KEY WORDS: nerve ending; carbacho[; presynaptic action; tubocurarine; competitive relations. 

Many chotinomimetic drugs are known to possess a presynaptic action, manifested as changes in the 
process of mediator liberation in response to motor nerve stimulation [2, 9,10,12]. In particular,  acetylcholine 
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