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Injection of large doses (26 ~g) of noradrenalin hydrotartrate into the lateral ventricle of the 
mouse brain at an ambient temper{~ture of 18-22~ caused an increase in body temperature 
which was not abolished by ganglion-blocking agents and was potentiated by antidepressants 
but not by eholinolytics. Intraperitoneal injection of imipramine and chloracizine* iodometh- 
ylatesin a dose of 5 mg/kg, by contrast with their hydrochlorides, did not potentiate the hyper- 
thermie effect of noradrenalin, but when injected directly into the cerebral ventricle, 
imipramine iodomethylate was more effective than the hydrochloride. Intraventricular injec- 
tion of small doses (2.5-5 ~g) of imipramine and its iodomethylate potentiated the hyperthemie 
effect of intraventrieular, but not of subcutaneous (1-1.5 mg/kg) injection of noradrenalin. 
When injected simultaneously into the cerebral ventricle imipramine and its iedomethylate, 
in a dose of 2.5 ~g, potentiated the hyperthermic effect of noradrenalin, but if injected intra- 
peritoneally, the threshold dose of imipramine was about 125 ~g, while that of imipramine 
iodomethylate was higher still. The results of this analysis indicate a central mechanism of 
the hyperthermic effect of noradrenalin and its potentiation by antidepressants. 

When injected into the c e r e b r a l  ven t r i c l e s  of mice in doses not exceeding 20 gg, noradrenat in  induces 
hypo thermia  [2, 6, 9]. The w r i t e r  has shown that an t idepressan ts  ( imipramine ,  d imethy l imipramine ,  and 
chloracizine) potentiate this  r e sponse  [5]. In te res t  in this  effect  of noradrenal in  is due to the impor tance  
at tached to the act ivat ion of centra l  ad rene rg ic  s t r uc tu r e s  in the in terpre ta t ion  of the aa t idep res s ive  action 
of modern  thymoanalep t ics  [3, 7, 13]. However ,  in t raven t r i cu la r  or  i n t r ac i s t e rna l  injection of noradrenal in  
or  adrenal in usual ly evokes symptoms  of inhibition and behaviora l  depress ion ,  and this explains a t tempts  
to r ev i se  ideas concerning the act ivat ing ro le  of cent ra l  adrenerg ic  s t ruc tu re s  and the impor tance  of the i r  
act ivat ion for  the an t idepress ive  effect [10, 12]. 

The localizat ion of the hype r the rmic  effect of noradrenal in  and its potentiation by t r i cyc l i c  ant ide-  
p r e s s a n t s  is analyzed in this  paper .  

EXPERIMENTAL METHOD 

Exper iments  were  ca r r i ed  out on 900 noninbred albino mice  of both sexes  weighing 23-25 or 28-32 g. 
Mice of one sex and differing in weight by not more  than 3 g were  used in each exper iment .  The p r e p a r a -  
t ions (0.005 or 0.0025 ml) we re  injected into the l a te ra l  ven t r i c l e s  of the bra in  by means of a specia l  device 
[15]. When the two subs tances  were  used s imul taneously ,  the original  solutions were  mixed immedia te ly  
before  injection. The iodomethyla tes  of imip ramine  ("quaternary"  imipramine ,  QI) and of chlorac iz ine  

* 2 -ch lo ro -  10- (3-dimethylaminopropionyl)phenothiazine.  
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Fig. 1. Effect of imip ramine  and its iodomethylate  (QI) on the hype r -  
t h e r m i c  effect of noradrenal in  injected in t ravent r icu lar ly .  Expe r i -  
ment on December  18, 1968. Ambient  t e m p e r a t u r e  22~ Each point 
is the mean of m e a s u r e m e n t s  on eight mice.  I m i p r a m i a e  or QT (5 
m g / k g  in each case) injected in t raper i toneal ly  50 min before  in jec-  
tion of 10 -7 mole noradrenal in  or bidist i l led wa te r  (H20) in a volume 
of 0.005 ml into the l a te ra l  ventr ic le .  Imipramine  significantly (P < 
0.01) potentiated the hype r the rmic  effect of noradrenal in  while QI 
was ineffective.  Here  and in Fig. 2: absc i s sa ,  t ime  f rom injection 
of noradrenal in  (in min); ordinate,  body t e m p e r a t u r e  of mice (in ~ 
1) imip ramine+H20;  2) QI+I-I20; 3) H20+H20; 4) imip ramine  + 
noradrenalin;  5) QI + noradrenal in;  6) HgO + noradrenal in .  
Fig. 2. Effect of in t raven t r i cu la r  injection of imip ramine  and QI on 
hyper themic  effect of in t raven t r i cu la r  injection of noradrenal in .  Ex-  
pe r imen t  on Janua ry  21, 1969. Ambient  t e m p e r a t u r e  21~ I m i p r -  
amine,  QI (5 ~g), or  H20 were  injected into r ight  l a te ra l  ven t r i c le  30 
min before  injection of 10 -7 mole noradrenal in  into it. QI potentiated 
(P < 0.01) the hype r the rmic  effect of noradrenal in  while imip ramine  
showed only a tendency toward  potentiation. 

were synthesized at the Department of Dyestuffs Technology, Lensovet Leningrad Technological Institute, 
by I. Ya. Kvitko. The rectal temperature was measured bythe T]~MP-60 electric thermometer. Both the 
initial temperature and its changes were taken into account during analysis of the results [4]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Pharmacological tests [2] show that QI penetrates much less readily into the brain than imipramine 
and, when injected intraperitoneally (5 mg/kg), unlike imipramine, it did not potentiate the hyperthermia 
produced by intraventrieular injeetion of noradrenalin (Fig. i) �9 Chloraeizine iodomethylate, unlike its hydro- 
chloride, likewise did not potentiate the hyperthermic effect of noradrenalin. 

The iodomethylates of imipramine and ehloracizine (unlike their hydrochl0rides), however, did not 
potentiate the hyperthermia arising after subcutaneous injection of noradrenalin (1.5-2.0 mg/kg). In 5 of 7 
experiments imipramine (5 mg/kg) significantly potentiated and (or) prolonged the noradrenalin hyperthermia 
whereas QI in the same dose was ineffective. This agrees with data inthe literature showing that QI is much 
less effective than imipramine in certain "peripheral" tests [8]. Consequently, the fact that QI does not 
potentiate the hyperthermia produced by intraventricular injection of noradrenalin cannot be taken as evi- 
dence in support of the central localization of the hyperthermic effect of noradrenalin; on the contrary, 
these results are in harmony with the view that the mechanism of noradrenalin hyperthermia is peripheral 
in eharanter, on account of the departure of noradrenalin from the brain. 

Accordingly, a series of experiments was carried out in which imipramine and QI were injected in- 
traventricularly before or simultaneously with the intraventricular injection of noradrenalin, rfimipramine 
and QI were injected in doses of 2.5 or 5 #g 30 rain before or at the same times as noradrenalin (~,6 pg), 
QI was more effective in potentiating the noradrenalin hyperthermia (Fig. 2). If imipramine of Q[ (5 ~g in 
each case) was injected 90 rain or 60 rain before noradrenalin, no potentiation of the hyperthermic effect 

of noradrenalin was observed. 
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Fig. 3. Comparison of effect of intraven~ 
t r i cu la r  and intraperi toneal injection of 
imip ramine  on hype r the rmic  effect of in- 
t r a v e n t r i c u l a r  injection of noradrenal in .  
Exper iment  on J a n u a r y  10, 1969. Ambient  
t e m p e r a t u r e  20~ Noradrenal in  (10 -7 
mole) or H20 injected into l a te ra l  ven t r i c le  
s imul taneously  with injection of 2.5 ttg 
imip ramine  into ven t r i c le  or 5 g g i m i p r a -  
mine i n t r a p e r i t o n e a l l y .  Noradrenal in  by 
i tself  does not change the t e m p e r a t u r e  of 
the animals ,  whereas  in t r aven t r i cu la r  in-  
ject ion of imip ramine  leads to the mani -  
festat ion of the hype r the rmic  effect of nor -  
adrenal in  (P < 0.05), while injection oftwic~ 
the dose of imip ramine  in t raper i tonea l ly  is 
ineffective.  1) 2.5 t~g imip ramine  i a t r aven -  
t r i c u l a r l y +  noradrenal in  in t ravent r icu la r ly ;  
2) H20 in t raper i tonea l ly  (i.p.) + H20 in t raven-  
t r i c u l a r l y  (i.v.); 3) H20 i.v. + noradrenal in  
i.v.; 4) 5 ~ g imip ramine  i.p. + noradrenal in  
i.v. Remainder  of legend as in Fig. 1. 

Af ter  s imul taneous injection of imip ramine  or QI 
(2.5 t~g in each case) and noradrena l ia  (26 t~g) into the ven-  
t r i c l e ,  the effect of noradrenal in  was potentiated,  Whereas 
the in t raven t r i cu la r  injection of imip ramine  or QI s imu l -  
taneously  with the subcutaneous injection of noradrenal in  
did not potentiate the hype r the rmic  effect  of the la t ter .  By 
in t raper i tonea l  injection (30 rain before  injection of nor -  
adrenal in  into the l a t e ra l  ventr ic le)  the threshold  dose of 
i m i p r a m i n e w a s  about 5 m g / k g  (125 ~g  for  a mouse weigh-  
ing 25 g), i .e.,  much g r e a t e r  than for  in t r aven t r i cu la r  in-  
ject ion of the compound (Fig. 3). In this  case  the t h re sh -  
old dose of QI was higher still .  

These  resu l t s  indicate a cent ra l  local izat ion of the 
hype r the rmic  effect  of noradrenal in  when injected into the 
c e r e b r a l  ven t r i c l e s  and also a cent ra l  local izat ion of the 
in teract ion between the im ip ramine - l i ke  an t idepressan ts  
and noradrenal in  which leads to potentiation of the hype r -  
t h e r m i c  effect  of noradrenal in .  The fact  that  QI is more  
effect ive than imip ramine  when injected in t raven t r i cu la r ly  
can be explained by the s lower  r e l e a s e  of QI f rom the 
bra in  because  of its difficulty in pass ing  through biological  
m e m b r a n e s .  P robab ly  both imip ramine  and QI have been 
r emoved  f rom the bra in  60 rain a f te r  in t r aven t r i cu la r  in-  
jection, for  at that t ime  both these  substances  were  ineffec-  
t i v e .  

Hexamethonium does not block the hype r the rmic  
effect of noradrenal in  injection in t raven t r icu la r ly ,  ruling 
out a pe r iphe ra l  mechan i sm through the sympathet ic  n e r -  
vous sys tem.  This  fact is in ag reemen t  with resu l t s  ob- 
ta ined by the analys is  of the h y p e r t h e r m i c  effect of amphe t -  
amine  in rabbi ts  I l l .  Recent  findings conflict with the  view 

that  the cent ra l  h y p e r t h e r m i c  effect  of noradrena l in  is potentiated by an t idepressan t s  because  of t he i r  
effect  on pe r iphe ra l  ad renerg ic  mechan i sms .  

The data descr ibed  above sugges ts  that  the r e sponse  of the body t e m p e r a t u r e  to injection of n o r a d r e n -  
alin into the c e r e b r a l  ven t r i c l e s  is the resul tan t  of hype r the rmic  and hypothermic  components  (probably 
f o r m e d  chiefly in different s t r uc tu r e s  of the brain) ,  and the im ip ramine - l i ke  an t idepressan ts ,  which block 
the absorpt ion of noradrenal in  by the t i s sues  and inc rease  i ts  concentrat ion in the brain,  change the balance  
in support  of the hype r the rmic  response ,  which is obse rved  only in the p r e sence  of high concentra t ions  of 
noradrenal in .  This  may explain both the initial  d e c r e a s e  or "dis tor t ion" of the hypothermic  effect  by ant i -  
dep res san t s  af ter  i n t r aven t r i cu la r  injection of smal l  doses  (under 20 ;~g) of nor~drenal in  and also the poten-  
t iation of the hype r the rmic  phase  following its injection in la rge  doses.  Evidence of the cent ra l  cha rac t e r  
of the h y p e r t h e r m i c  effect of noradrenal in  is given by the h y p e r t h e r m i c  effect  observed  a f te r  its injection 
into the la te ra l  ven t r i c l e s  in a dose of 3 t~g at a high ambient  t e m p e r a t u r e  [14]. 
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