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Abstract .  Flunar i z i n e  and nimodipine, Ca2+ modulators which exer t  
an tagonis t  e f f e c t s  aga ins t  catecholamines and sero tonin  and have 
s p e c i f i c  a c t i o n  on t h e  b ra in ,  were used a s  a n t i d o t e s  t o  imipramine 
t o x i c i t y  in t h e  r a t ,  Imipramine, a  t r i c y c l i c  an t idep re s san t ,  inhib- 
i t s  synaptic reuptake of catecholamines and sero tonin .  F lunar iz ine  
administered concurrently wi th  imipramine increased su rv iva l  t ime 
s i g n i f i c a n t l y  ( p L  0.04). Af ter  a  l e t h a l  dose  of imipramine (85 mg/ 
kg) 5 out of 5 animals t r e a t e d  wi th  f l una r i z iwe  (2.37 * 1.21 mg/kg 
i n  divided doses) and 4 out  of 5 animals t r ea t ed  wi th  nimodipine 
(0.36 + 0.11 rag/&) survived. The a c u t e  t o x i c i t y  of inipramine 
might be r e l a t ed ,  in p a r t ,  t o  drug-induced a l t e r a t i o n  in turnover 
of exc i t a to ry  neurot ransmi t te rs  which w i l l  induce i n t r a c  e l l u l a r  
Ca2+ accumulation and damage t o  v i t a l  organs. These t o x i c  e f f e c t s  
of endogenously produced neuroaminee may be antagonized by nimodi- 
pine O r  f l una r i z ine .  o 1987 Soc ie ty  for Experimental Biology and Medicine 

In t roduct ion .  Thean tagon i s t  and a n t i -  
d o t e  p rope r t i e s  of a  calcium ent ry  mod- 
u l a t o r ,  n i t r end ip ine ,  on t h e  func t iona l  
and morphological ca rd i ac  t o x i c i t y  of 
cocaine  have been reported (1-3). Coc- 
a ine ,  an  i n d i r e c t l y  a c t i n g  sympathomim- 
e t i c  amine, i n h i b i t s  t h e  reuptake of 
catecholamines a t  t h e  synapse (4,5). 
Concurrently t h e  incr  eased synapt ic  con- 
c e n t r a t i o n  of exc i t a to ry  neurotransmit- 
t e r  a c t i v a t e s  t h e  r eceptor-controlled 
calcium channel and symptoms of card iac  
t o x i c i t y  such a s  tachyarrhythmias, coro- 
nary vasoconstr  i c t  i on  and myocard i a l  in- 
f a r c t i o n  may occur (1,6,7). N i t r  endiping 
a Ca2+ modulator of t h e  dihydropyridine 
c l a s s ,  which has  s p e c i f i c  vasod i l a to r  
a c t i o n  on t h e  coronary v e s s e l s ,  t r i l l  
n e u t r a l i z e  t h e  t ox i c  e f f e c t s  of e levated  
synapt ic  concent ra t ions  of endogenous 
catecholanines which fo l low cocaine  ad- 
min i s t r a t i on  (1,3) .  
I n  t h e  present  study t h e  e f f e c t s  of 
o ther  Ca2+ modulators were t e s t e d  a s  
an t agon i s t s  and a n t i d o t e s  t o  imipramine, 
Imipramine, a  tr  i c y c l  i c  a n t  id  epressant  , 
i n h i b i t s  t h e  r euptake of norepinephrine 
( 8 , 9 )  and sero tonin  ( l o ) ,  exc i t a to ry  
neurot ransmi t te rs  which c o n t r o l  v i t a l  
argan funct ions .  

Af ter  inconclus ive  t r i a l s  with n i t r end i -  
pine and verapamil, f l u n a r i z i n e  and nim- 
odip ine  were s e l ec t ed  among t h e  current -  
l y  a v a i l a b l e  Ca2+ channel  modulators a s  
p o t e n t i a l  a n t i d o t e s  t o  imipramine tox- 
i c  i t y  because of t h e i r  an tagonis t  ef - 
f e c t s  aga ins t  catecholanines a s  wel l  a s  
sero tonin  (11.12). I n  a d d i t i ~ n ~ f l u n a r i -  
z ine  and nimodipine a l s o  exert a spec i- 
f i c  a c t i o n  on t h e  b ra in  (13,14), t h e  
main t a r g e t  of imipramine. 
Method s . Twenty-nine male Sprague 
Dawley r a t s  weighing 300 f 40 g were 
f  i t t e d  , under e the r  anes thes ia ,  wi th  a 
c a t h e t e r  i n  t he  caudal  a r t e r y .  The cath- 
e t e r  was connected t o  a cons tant  infus-  
ion micr opump and a pressure  transducer.  
Every 30 seconds a recorder  and micro- 
computer displayed and pr in ted  out hea r t  
r a t e ,  s y s t o l i c ,  d i a s t o l i c  and mean blood 
pressures.  I n  a s e l ec t ed  number of ex- 
periments, ECG was a l s o  recorded from 
t h r e e  standard leads .  The awakened ani-  
mal was placed jln a r e s t r a i n i n g  grid.  
In  t h e  f i r s t  s e r i e s  of experiments, 10  
animals were administered an  i n t r a p e r i -  
t onea l  l e t h a l  dose of 100 mg/kg of imi- 
pramine. Immediately fol lowing in toxi -  
c a t i o n ,  5 c o n t r o l  r a t s  were administered 
i n t r a a r t e r i a l l y  10 &l/min of i so ton ic  
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TABLE I: Antagonist Effects  of f lunar i z ine  and nirnodipine against imipramine 

and i t s  use  a s  an antidote i n  the rat  

Number of Amount of I.P. Fluid vo l .  
ra t s  imipramine administ ered Treatment 

Surv i va l  
time 

5 100 mg/kg 10 pl lmin None 14.6' f 5.5 

5 100 mg/kg 10 ~ l / m i n  f lunar i z i n e  129.0' f 8ga 
0.1 mg/kg/min 

4 85 mglkg 1.80 f 0.30 ml None 17.0' f 6 .0  

4 8 5  mg/kg 4.92 f 0.72 m l b  f lunarizine > 24 hrsC 
2.37 k 1.21 mg/kgb 

5 85 mg/k 4 . 2 3 . f 0 . 6 1 r n l b  nimodipine 1: 75' 
355 f 109 pa/kg  4: > 24 hrsC 

a p L  0.04 
b In fractionated amounts during the period of treatment (187 f 86 mkr) 
c Animals conscious and a c t i v e  

s a l i n e  wh i l e  5 t e s t  animals received 
0.1 mg/kg/min of f l u n a r i z i n e  so lu t ion  
(which approximates a volume in£ usion 
of l 0 ,u l /min  i n t r a a r t  e r i a l l y )  ._ 
In the  second s e r i e s  of t e s t s ,  e ight  an- 
imals were administered in t r ape r i t onea l -  
l y  85  mg/ kg of imipramine . Af te r  mean 
blood pressure  f e l l  t o  50 mm Hg, which 
occurred wi th in  14  * 9 m i n ,  4 animals 
were t r e a t e d  wi th  success ive  i n t r a a r  ter- 
i a l  bolus of 0.3 m l  s a l i n e  whi le  4 oth- 
e r s  were given a s imi l a r  bolus  of sa l -  
i ne  c oncurr e n t l y  wi th  f lunar  i z i n e  37 5 
ug/kg 
In  t h e  t h i r d  s e r i e s  of experiments, 5 
r a t s  were administered 8 5  %/kg of imi- 
pramine i n t r a p e r i t o n e a l l y  . A£ t e r  mean 
blood pressure  f e l l  t o  50 mm Hg, t h e  
animals were given success ive  i n t r a a r t -  
er ial .  bolus of 0.3 m l  s a l i n e  concurrent- 
l y  wi th  nimodipine f o r  a t o t a l  dose of 
355 uglkg* 
I n  t h e  f o u r t h  s e r i e s ,  six animals were 
administered 85 mg/kg imipramine intra- 
per i t onea l ly .  When mean blood pressure  
f e l l  below 50 mm Hg, t h r e e  r a t s  were 
t r e a t e d  wi th  verapamil a t  0.6 mg/kg in- 
travenously by. m a n s  of slow infusion.  
Three o ther  animals were t r e a t e d  wi th  
n i t r end ip ine  administered i n  a loading  

dose  of 7.4/ug/kg followed by a constant  
infus ion  of 1,22pg/kg/min. 
Verapamil , provided by B i o s  edra (France) 
was d isso lved  i n  a 2.5 mg/ml aqueous 
so lu t ion .  Ten mil l igrams of f lunar i'z ine ,  
provided i n  c r y s t a l  form by Janssen 
Pharmaceutica was d isso lved  i n  20 m l  of 
a so lu t ion  conta in ing  0.5 m l  abso lu t e  
e thanol ,  1.5 m l  polyethylene g lycol ,  
and 18 m l  of i so ton ic  s a l i ne .  Nitrendi-  
pine and nimodipine, provided by Bayer 
Laboratory, were d isso lved  i n  s o l u t i o n s  
containing polyethylene g lycol .  The 
amounts of Ca2+ modulator administered 
were s e l ec t ed  on t h e  b a s i s  of t h e  ex- 
perimental  and c l i n i c a l  doses which 
have been r epo t t ed  t o  g i v e  optimal 
pharmacological and the rapeu t i c  ac r iv -  
i t y  (15). Imipramine was provided by 
Ciba Geigy Laboratory i n  c r y s t a l  form 
and was- dissolved  in buffered sa l ine .  
Data recorded by t h e  computer were 
s t a t i s t i c a l y  analyzed wi th  a program 
f o r  ca l cu l a t i on  of t - t e s t  . 
Results .  (Tables I,II,III). In  t h e  f i r s t  
s e r i e s  su rv iva l  t ime of t h e  ea l ine -  
t r e a t e d  animals was 14.6 !: 3.5 min 
while t h e  r a t s  t r e a t e d  wi th  f l u n a r i z i n e  
a t  0.1 mg/kg/min had a su rv iva l  t ime of 
129 * 89 min ( ~ ~ 0 . 0 4 ,  Table I ) .  In  t h e  
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TABLE 11: Acute e f fects  of imipramine administered intraperitoneally (85 mg/b) 

on mean blood pressure and heart rate of the rat (N34). Animals were treated 

with bolus of saline to restore blood pressure (1.8 f 0.3 m l ) .  Survival time 

was 17.0 2 6 min. 

(minutee after imipramine administration) 

TIME CONTROL 3 6 9 1 2 ~  1 5 ~  lab  

Mean preesur e 10 7 5gC 4bd 41d 47' 5 le 4ge 
(mm Hg) 215 217 f14 f l l  f24 f 3 5  

Heart rate 42 1 317' 254' 270e 26ge 
(min> 245 3:; 2110 236 249 +4 7 

a Measurements on 3 surviving animals 
b Measurements on 2 eurviving animals 
c pL0.05 
d p L 0.005 
e p ~ 0 . 0 2 5  

second s e r i e s  su rv iva l  t ime of t h e  sa- 
l i ne - t r ea t ed  animals was 17.0 f 6 m i n  
(Table X) . Tota l  volume of s a l i n e  ad- 
minis te red  was 1.8 ? 0.3 m l .  As in t h e  
f i r s t  s e r i e s ,  t h e s e  animals developed 
i n t r a c t a b l e  hypotension bradycardia 
and convuleions , Imipramine administra-  
t i o n  was a-ssoc iat ed with  e l e c  t rocard io-  
graphic changes. These were l imi ted  t o  
invers ion  of QRS complex, No se r ious  
arrhythmias were recorded, The QT in- 
t e r v a l ,  when corree ted  f o r  hea r t  r a t e ,  
was not  changed. 

The r a t s  t h a t  died of imipramine toxic-  
i t y  presented lung congestion,  a c u t e  
enlargement of r i g h t  a u r i c l e  and ven- 
tr i c l e ,  myocardial i n f a r c t  ion and is- 
chemic kidney and l i v e r .  
The t h r e e  animals t r e a t e d  wi th  verapam- 
il did not  surv ive  longer than t h e  con- 
t r o l ;  su rv iva l  of t he  t h r e e  r a t s  t r e a t -  
ed wi th  n i t r end ip ine  did not  exceed 60 
minutes. The 4 r a t s  t r e a t e d  wi th  f lun-  
a r i z i n e  and s a l i n e  a f t e r  t h e i r  blood 
pressure  had reached 50 mm Hg, survived 
(Table I11 1 .They were administered a 
t o t a l  dose  of 2.37 2 1.21 mg/kg f lun- 
a r i z i n e  and 4.92 * 0.72 m l  of s a l i n e  
over a period of 187 f 86 min fol lowing 
onset  of hypotension. This t reatment 
was performed u n t i l  mean blood pressure  
and hea r t  r a t e  were r e s to red  t o  con t ro l  
values.  Twenty fou r  hours a2 t e r  t h e  pro- 
cedure, t h e  animals were awake and a c t -  

ive. Animals t r ea t ed  wi th  imipramine 
displayed s i g n i f i c a n t  decreases i n  hea r t  
r a t e  a s  w e l l  a s  blood pressure  u n t i l  
f a t a l  outcome. Administrat  ion of f lun- 
a r  i z i n e  progress ive ly  correc ted  t h e s e  
changes which were no longer s i g n i f i c a n t  
200 minutes a f t e r  onset  of in toxica t ion .  
Four of t h a  5 animals t r ea t ed  wi th  nim- 
odip ine  a t  355 f 109 ~ g 1 k . g  a l s o  surviv- 
ed (Table 3).  

Discussion. The toxic  e f f e c t s  of i m i -  
pramine on t h e  cardiovascular  system 
have been document ed i n  t h e  present  
s t u i y  which corrobora tes  r e p o r t s  of oth- 
ers (15). Simultaneous and sus ta ined  de- 
c r e a s e s  i n  blood p re s su re  and hea r t  r a t e  
induced by imipramine a r e  i n d i c a t i v e  of 
a n  impairment of t h e  baroreceptor mech- 
anism which r e g u l a t e s  hea r t  r a t e  a s  a 
funct ion  of blood pr essur e. Hypot ens ion 
may a l s o  be  a t t r i b u t e d  t o  imipramine- 
induced decrease  i n  myocardial funct ion  
which has been repor ted  by o t h e r s  (16). 
Electrocardiographic recordings  i nd i ca t e  
t h a t  t h e  t o x i c  dose of imipramine ad- 
minis te red  i n  t h e s e  a c u t e  experiments 
d id  not  induce major dysrhythmias. Such 
an observation appears t o  be  a t  var iance  
wi th  t h e  many r e p o r t s  of severe  dysrhy- 
thmias occurring i n  t h e  c a s e  of imipra- 
mine in tox ica t  ion. However, t h e  l a t t e r  
observa t ions  were performed following a 
prolonged period of imipramine in toxica-  
t i o n  l a s t i n g  seve ra l  hours o r  s eve ra l  
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TABLE 111: E f f e c t s  of f lunar  i z i n e  or nimodipine i n t r a a r t e r i a l l y  adminis te red  i n  succe s s ive  

bo lu s  a f  t e r  imipramine i n t o x i c a t  i on  (8 5 mg/kg, i n t r a p e r i t o n e a l l y )  on h e a r t  r a t e  and mean 

blood p r e s su re  of  4 r a t s .  Bolus of s a l i n e  ( t o t a l  volume 4.92 f 0.72 m l  f o r  f l u n a r i z i n e  and 

4.23 * 0.61 m l  f o r  nimodipine) were a l s o  administered.  The 4 an imals  t r e a t e d  w i th  f l u n a r i z i n e  

survived 24 hours; 4 out  of 5 animals t r e a t e d  w i th  nimodipine surv ived  24 hours. 

(minutes a f t e r  imipramine admin i s t r a t i on )  

CONTROL F la  
TIME ( 0  min) 4 - - - $  30 60 90 120 150 181 210d 240d 270" 

Mean 
p r e s su re  91  77 72 65b 64b 67C 71b 67 78 7 6 
(mm ~ g )  f 1 3  *14 f l 5  217 218 212 213 210 '17 ?16 

Hear t 
r a t e  
(~n in) 44 7 362b 3641.' 341c 353b 359' 392b 36bd 407 415 

+2 0 284 240 242 '81 261  f 4 1  249 564 f77 

N i m  + - - -  3 

Mean 
Pr essur  e 9 5 57b 54b 62b 54b 
(mm Hg) t 1 6  '11 '20 fll f20  

Heart  
r a t e  37 4 443C 421b 461C 410 

233 246 f 4 1  $15 255 

aFlunar i z i n e  o r  nimodipine is adminis te red  du r ing  t h e  f i r  s t  20 minutes whenever mean blood 
p r e s su re  r e aches  50 mm Hg, which v a r i e s  from animal t o  animal 

bp LO. 05 
' 3 . 0 2 5 ~  L0.005 
dmeasurements on 3 an imals  
%wsurements  on 2 an imals  

days. I n  t h e  present  s t u d i e s  t h e  period 
of l e t h a l  i n tox ica t ion  did not  exceed 
20 minutes. It appeared t h a t  o ther  
causes bes ides  impairment of ca rd i ac  
conduction cont r ibuted  t o  t h e  d e a t h  of 
t h e  animal. Post-mor t e n  examination 
showed macroscopic a l t e r a t  ions  of l i v e r ,  
kidney and lung which a l l  cont r ibuted  t o  
t h e  d e a t h  of t h e  animals. 

The p r o t e c t i v e  e f f e c t  of f l una r i z ine  
and of nimodipine aga ins t  l e t h a l  imi- 
pramine in tox ica t  ion might be accounted 
f o r  by t h e i r  a n t  i s e ro ton ine rg i c  and 
anticatecholaminergic p rope r t i e s ,  Syn- 
aptic  accumulation of t h e s e  e x c i t a t o r y  
neurot ransmi t te r8  w i l l  r e s u l t  i n  card i- 

ac,  pulmonary, r e n a l  and c e r e b r a l  dys- 
function.  

The f i r s t  e f f e c t  of t he se  Ca2-t modulat- 
o r s  is  t o  improve ca rd i ac  performance 
by decreas ing  pe r iphe ra l  r e s i s t a n c e  (17) 
and blood v i s c o s i t y  (18). The a n t i s e r -  
o toninergic  p rope r t i e s  of nimodipine 
and of f l una r i z ine  should off s e t  t h e  
untoward e f f e c t s  produced by elevated 
sero tonin  and norepinephrine concentra- 
t i o n  on t h e  pulmonary c i r c u l a t i o n .  
These neurot ransmi t te rs  a r e  normally 
removed by t h e  lung (19) and t h i s  r e -  
moval is  inh ib i t ed  by imipramine or 
cocaine (20). Small changes in t h e  mag- 
n i tude  of sero tonin  removed by the  lung, 
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which normally amounts t o  95%, could 
produce important changes i n  t h e  sero- 
tonin  concent ra t  ion of a r t e r i a l  blood ; 
a 10% d e c l i n e  i n  removal t o  85% could 
r e s u l t  in a three-fold i nc rease  i n  con- 
c e n t r a t i o n  in t h e  l e f t  a t r ium and sys- 
temic a r t e r i a l  blood (21). A s  a r e s u l t  
t h e  systemic vascular  response t o  sero- 
tonin w i l l  be increased o r  prolonged. 
I n  t h e  lung increased concent ra t  ion of 
sero tonin  w i l l  induce pulmonary vaso- 
c o n s t r i c t  ion, a r  te r iavenous  shunting 
and hypoxia which w i l l  f u r t h e r  decrease  
sero tonin  clearance.  

F lunar iz ine  and nimodipine could, there-  
fo re ,  an tagonize  serotonin-induced and 
self-propagated impairment of lung 
function.  These two Ca2+ modulators 
which c r o s s  t h e  blood-brain b a r r i e r  
have been reported t o  improve c e r e b r a l  
blood f low (13,14). They w i l l  a l s o  in- 
t e r a c t  i n  t h e  b ra in  w i th  sero tonin  and 
catecholamines. Serotonin p lays  an  i m -  
por tant  r o l e  in t h e  c e n t r a l  r egu la t ion  
of blood pressure  by reducing card iac  
sympathetic t one  (22). Others have 
suggested t h a t  t h e  hypotensive e f f e c t  
of sero tonin  may b e  due t o  enhanced 
a c t i v i t y  i n  t h e  bulbospinal  serotonin- 
e r g i c  pathway (23). Nimdipine  and 
f l u n a r i z i n e  could o f f s e t  t h e  s t i m l a -  
t i o n  by sero tonin  of t h e s e  c e n t r a l  
pathways which con t ro l  blood pressure.  
I n h i b i t i o n  of synapt ic  reuptake of 
c a t  echo l a m i n e s  produced by h ip re - l i ne  
may f u r t h e r  compound a l l  of t he  d i s -  
turbances caused by impairment of sero- 
t on in  turnover. 

The present  observations imply t h a t  t h e  
a c u t e  t o x i c i t y  of imipramine might be 
r e l a t e d ,  i n  p a r t ,  t o  drug-induced a l t e r -  
a t i o n  i n  metabolism and turnover of ex- 
c i t a t o r y  neurot ransmi t te rs  norepineph- 
r i n e  and sero tonin  which w i l l  r e s u l t  in 
t h e i r  elevated synapt ic  concentrat ion.  
I n  t u r n  such d is turbances  induce i n t r a -  
c e l l u l a r  Ca2+ accumulation with its ac- 
companying c e l l u l a r  damage t o  v i t a l  or- 
gans. Endogenously produced exc & t a t  ory 
neurot ransmi t te rs  might then a c t  l i k e  
c e l l u l a r  t ox ins  and t h e i r  e f f e c t s  may be 
antagonized by Ca2+ modulators l i k e  nim- 
odip ine  or f lunar iz ine .  However, because 
of t h e  f eed-back con t ro l  mechanisms 
l i nk ing  a l l  bra in  neur o t ransmi t t  era sev- 
e r a l  of them might a l s o  be involved in 
imipramine t o x i c i t y  and correc ted  by 
nimodipine o r  f lunar i z  h e .  

The a n t i d o t e  p rope r t i e s  of n i t r e n d i p i n e  
on t h e  t o x i c i t y  of cocaine  (1-3) which 
i n h i b i t s  synapt ic  reuptake of catechol-  
amines, is  another example i l l u s t r a t i n g  
t h e  r o l e  of endogenous f a c t o r s  in t h e  
t o x i c i t y  of c e r t a i n  psychoactive drugs. 
Imipramine was, i n  1957, t h e  f i r s t  tri- 
c y c l i c  an t idep re s san t  medication t o  be  
used c l i n i c a l l y  and t h e  f i r s t  c a se  of 
l e t h a l  i n tox ica t ion  with t h i s  drug was 
repor ted  two years  l a t e r  (24). At pre- 
s en t ,  t h e r e  is  no s p e c i f i c  t reatment 
f o r  t r i c y c l i c  i n tox ica t ion  which ac- 
counts  f o r  up t o  37% of a l l  poison-re- 
l a t ed  admissions t o  i n t ens ive  c a r e  un- 
its (25) . I n  t h i s  r e spec t ,  t h e  experi- 
mental observa t ions  here in  repor ted  
might be of c l i n i c a l  i n t e r e s t  f o r  t h e  
treatment of imipramine t o x i c i t y .  
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