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Microinject ion of serotonin  solution d i rec t ly  into the hypothalamus,  sep tum,  and amygdala  of cats  
a f t e r  p r e l i m i n a r y  in t r amuscu la r  injection of imipramine  caused vomiting.  Against  a background of ben -  
actyzine,  Vomiting did not develop.  Microinject ion of acetylcholine into the s a m e  s t r u c t u r e s  a f te r  i n t r a -  
muscu la r  injection of benactyzine ,  but not of im ip ramine ,  produced a p revomi t ing  s ta te .  

Data in the l i t e ra tu re  on the effect  of ant idepressant~  of the imip ramine  group on metabo l i sm and 
effects  of sero tonin  in the cen t ra l  nervous s y s t e m  and at the per iphery  a re  conflicting [3, 4]. Both an-  
tagonism and s y n e r g i s m  with se ro ton ia  have been descr ibed .  In phenomena when i m i p r a m i n e  and o ther  
an t idepressan ts  potentiate the effects  of noradrenal in  (contraction of the nicti tating m e m b r a n e  and elevat ion 
of the blood p r e s s u r e  in ca t s ,  hype r the rmia  in rabbi t s  and ra t s ) ,  they potentiate the s a m e  effects  of s e r o -  
tonin [3, 11]. 

Although facts  concerning s y n e r g i s m  of imip ramine  and noradrenal in  were  used as long ago as in 
1959 bY sigg in his widely acc la imed  hypothesis of the adrenosensi t iz ing mechan i sm of the an t idepress ive  
action of imip ramine  [3 ,4] ,  potentiat ion of the effects  of serotonin have been a lmos t  comple te ly  ignored.  

The s y n e r g i s m  between imip ramine  and serotonin  is in teres t ing mainly  because  of clinical data 
showing that t ryptophan (especial ly  against  a background of monoaxaine oxidase inhibition) is capable  of 
elevating the mood of psychia t r ic  patients [B, 9, 13, 14]. Antagonism with serotonin  may  be important  
in the action, not of an t idepressan t s ,  but of neurolept ics  [5, 15]. 

The facts  descr ibed  above cannot be  reconci led with the hypothesis put fo rward  by Brody and c o -  
w o r k e r s ,  the  only "sero tonin"  hypothesis .  On var ious  grounds these worke r s  postula ted that the an t i dep re s -  
s i r e  effects  of imip ramine  is based on its antagonism With f r ee  sero tonin  in the b ra in  and on the resul t ing  
shift  in the ba lance  of the t roph0tropic  and ergot ropic  s y s t e m s  toward predominance  of the la t t e r .  A 
cr i t ica l  examinat ion of Brody ' s  hypothesis has been published previous ly  [3]. 

Serotonin is d is t r ibuted i r r e g u l a r l y  in the bra in  of animals  and man [7, 12], and i ts  content is p a r -  
t icular ly  high in the hypothalamus and limbic s t ruc tu re s  playing a leading role in control  of the emotions 
[1, 2, 10]. The fuhction of sero tonin  in these s t ruc tu r e s  is unknown. 

In face of these  facts  we decided to invest igate  the action of imip ramine  on effects  of sero tonin  when 
injected d i rec t ly  into the l imbic s t ruc tu r e s  and hypothalamus.  

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

Chronic experhnents  were  pe r fo rmed  on 15 adult ca ts  allowed to move f r e e l y  in a c h a m b e r  m e a s u r -  
ing 100 x ~[20 • 90 cm.  Solutions were  injected into the bra in  s t ruc tu res  by means  of  an injection s y s t e m  
consis t ing of aa  external  d i rec t ing needle (10 mm) ,  an internal injecting needle,  a polyethylene tube (140 
cm) ,  and a mic ro in j ec to r .  Two or th ree  direct ing needles  were  inse r ted  into each ca t  (by means  of a s t e r e o i  
taxic appara tus)  and fixed with acry l ic  glue.  
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TABLE i. 
Solution 

Frequency of Vomiting af ter  5[ieroinjection of 2% Serotonin 

Prepara t ions  injected 
in t ramuscu la r ly  45 rain 
be fore  sero tonin  

Amygdala, 
centra l  and 
dorsa l  r e -  
gion 

Septum, 
central  and 
ventral  
region 

iHypothalamus, 
preoptie and 
an tero la te ra l  
:region 

Physiological  saline 
1 mg/kg 

Lmipramine 5 mg/kg 
10 mg/kg 
0.5 mg/kg 

Benaetyzine  1 mg/kg 

0/14 
o/3 

1/2 
o/4 ~ 
0/5 

0/16 2 
o/3 
3/5 
1/1 
0/3 
o/4 

0/19 
2 /7  
3 /4  

1 /4  
9/4 

Note. Number  of exper iments  in which vomiting obser~'ed shown in 
numera to r ,  total number  of exper iments  in denominator  (1 control  and 
2-3 exper imenta l  tes t s  in e ach  exper iment) .  
iIn two exper iments  a prevomit ing state was observed.  
2In one exper iment ,  a prevomiting state  was observed af te r  inject ion 
of 200 #g serotonin.  

Ster i le  2% solutions of acetytcholine chlor ide and se ro ton in-crea t in ine  sulfate in physiological  sal ine 
,ere made up immedia te ly  before  the exper iment ,  and 0.5-1% solutions of imipramine hydrochlor ide  and 
enactyzine hydrochlor ide  were  injected in t ramuscu la r ly .  F r o m  10 to 14 days af ter  the operat ion,  a f te r  
m cats  had become accus tomed to the exper imental  environment ,  a thin injection needle of the r eqmred  
mgth, p re l imina r i ly  connected by the polyethylene tube to the mic ro in jec to r  and filled with acetylchol ine 
r serotonin solutions o r  with physiological sal ine,  was inser ted through the direct ing needle into one of the 
rain s t ruc tu re s  (the hypotha[amus,  s eptum, or amygdala).  The f i r s t  i n t r ace reb ra l  injection of serotonin  
~r acetylcholiae)  in a volume of 0.005 ml was given 15ra in  af ter  inser t ion of the needle.  The a n i ~ a l ' s  
~haviorai and autonomic responses  were  recorded  and photographed. Somet imes  the injection was r e -  
eared af ter  15 min in o rde r  to de te rmine  the stabil i ty of the effect .  Imipramine  (1-5 or  10 mg/kg) or  
mactyzine (0.5 and 1 mg/kg) ,  or  physiological sal ine (in control  exper iments)  was injected in t ramuscu la r ly  
) rain a f t e r  micro in jec t ion  of se ro tonm (or acetylcholine or  physiological saline) into the bra in .  Next,  45 
in af ter ,  a second microin jec t ion  of se ro toa in  (aeetylchoIine, physiological saline) was given into the brain .  

As a control  of nonspecifie fac tors  of st imulation,  microinject ions  of physiological saline (0.005- 
02 ml) with the same  pit as the solutions of serotonin and acetylcholine,  were  given. Each point of in-  
ction into the brain was investigated not more  than 4-5 t imes ,  including 1-2 control  exper iments  and 3-4 
~e r ime n t s  in which solutions of acetylcholine and serotonin were injected.  

After  the end of the exper iments  the localization of the tip of the injection needle in all brain s t r u c -  
r e s  was ver i f ied  histological ly.  

E X P E R I . ~ I E N T A L  R E S U L T S  AND D I S C U S S I O N  

Micro in jec t ions  of se~rotonin into the hypothalamus, septum, and amygdala caused r~egligeable au to-  
,mic responses :  l icking,  somet imes  sal ivation,  chewing. Vomiting was never  observed,  even a f te r  3 suc-  
s s ive  injections of s e r o t o ~ n  at in tervals  of 15-30 rain. After  in t ramuscula r  injection of imipramine ,  
[croinjections of serotonin  caused vomiting (Table i) .  

After  adminis t ra t ion  of imipramine  (1 mg/kg),  serotonin caused vomiting only in the case  of m i c r o -  
iection into the hypothalamus,  possibly indicating the somewhat g r e a t e r  sensi t iv i ty  of this s t ruc tu re  to a 
mbination of imipramine  and serotonin.  After  adminis t ra t ion of benactyzine (0.5-1 mg/kg) ,  with one ex-  
ption serotonin did not cause  vomiting. 

After  p r e l imina ry  adminis t ra t ion  of 5 and 10 mg/kg imipramine ,  microinjec t ion of serotonin p r o -  
ted vomiting 1-2 rain la te r .  The animals  developed signs of motor  excitat ion,  Salivation, f requent  spasms  
the mouth musc le s ,  followed by a typical  prevomiting pose with the fore l imbs  s t ra ight  and wide apar t  
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and the trunk leaning forward .  Ir~ all an ima[s ,  including those which did not vomi t ,  sero tonin  admin i s t e red  
a f te r  imipram}ne caused marked  intensif icat ion of autonomic reac t ions :  sa l iva t ion ,  l icking, quickening 
of respiration. 

In 5 of the 25 experiments during which imipramine was injected vomiting was obser-ved, coming on 
5-12 rain after injection, i.e., before the second microinjection of serotonin. No emetic effect of imipramine 
itself was observed in previous .experiments [7] in which cats received a single or several irijections o[ the 
same dose of the preparation, and none have been described in the literature. We attribute the emetic ef- 
fect of imipramine in our experiments to summation of chemical stimulation of the brain structures by tile 
initial (control) injection of serotor~in and to the sensitizing action of imipraraine on these structures. " 

In another series of experiments acetylcholine was injected into the same three brain structures of 
the same cats. 

Against the background of preliminary intramuscular injection of benactyzine (0.5-1 mg/kg), micro- 
injections of acetylcholine into the hypothalamus and septum:, but not into the amygdala, intensified autonomic 
responses and the prevomiting state in most animals. This effect of potentiation of the action of acetyl- 
choline can hardly be explained by the choline-sensitizing action of benactyzine, because relatively large 
doses of the drug were give~ (0.551 mg/kg). 

Hence, during local chemical stimulation of braixi structures, a definite difference can be fo,lad be- 
tween the effects of imipramine and benactyzine, preparations exhibiting a qualitatively similar action in 
most pharmacological tests for antidepressants. This difference is the more marked because it was found 
in the relationship between imipramine and benactyzine, on the one hand, and serotordn and aeetylcholine, 
chemical factors of the trophotropie system whose effects are blocked by cholinolytics, on the other hand. 

Potentiation of autonomic responses of serotonin by the action of imipramine in the hypothalamus and 
septu_m may have some relation to the antidepressive action of the drug and it merits more attention than 
it has hitherto received, for interest has been concentration almost entirely on adrenergic and cholinergic 
systems [3, 4, 9]. 
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