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BELESLIN, D B R SAMARDZIC, D JOVANOVIC-MICIC AND B TERZIC Verapamd-mdu~edbehavtoral. au- 
tonomt~ and motoJ e[Je~ ts m ~ ats PHARMACOL BIOCHEM BEHAV 24(2) 329-331. 1986 --The effects of verapamd, a 
calcmm antagomst, reJected into the cerebral ventricles on behawor, autonomic and motor acUvlty of unanesthetlzed cats 
have been mvesUgated Verapamd evoked emotional behavior (mlaowmg and alertness), autonomic responses (mydrmsls, 
tachypnoea, dyspnoea, defecation, mlctunUon, hcklng and panttng) and motor phenomena (ataxm, muscular weakness and 
adynamm) These effects lasted from a few minutes to several hours The most consistent phenomena were mmowmg, 
alertness, mydnasls and respiratory wregulanUes The possible mechanism of acUon of verapamd on behavior, autonomic 
and motor acuwty may be an acnon on voltage-operated cakmm channels in the brain 

Verapamfl lntracerebroventrlcular mjecUons 
Calcmm antagomst 

Behavior Autonomic changes Motor changes 

T H E R E  as abundant  ewdence  that ca lcmm modula tes  a vast 
number  of  bodily processes  Howeve r ,  the functional role o f  
ca lcmm as better  unders tood in perapheral organ systems and 
t~ssue than m the central  nervous  system Never the less ,  a 
number  of  investigations m recent  years have demons t ra ted  
that ca lcmm is revolved m thermoregulahon [12], blood 
pressure regulation [2], paradoxical  sleep [15] and feeding 
behavaor [8,13] In addition, neuroleptlc  drugs o f  the dl- 
phenylbutylp~pendme type,  but not o ther  phenoth lazmes  
and butyrophenones ,  act on voltage dependent  ca lcmm 
channels  [9] 

Therefore ,  it was of  interest  to mvesnga te  the behawora l ,  
au tonomic  and motor  effects  o f  verapamd,  a relat ively 
se lec twe ca lcmm channel  antagomst ,  after ~t was rejected 
into the cerebral  ventr ic les  of  the unanesthet lzed cat 

METHOD 

In these exper iments ,  22 cats of  e~ther sex, weighing be- 
tween 2-4 kg, were anesthetazed with 35-40 mg/kg mtraperl-  
toneal sodium pentobarbl tal  Fol lowing aseptic precaut ions,  
a hole was drilled 7-8 mm from the zero line and 4-5 mm 
from mldhne A Colhson cannula  was screwed mto the cal- 
var lum, the t~p of  the cannula  resting m the left lateral ven- 
tricle [4] The lower end of  the cannula  shaft was made of  
polyethylene  tubing, with a side opening 1 0 mm from ats 
c losed tip and posi t ioned with the lumen facing the foramen 
of  Monro Pos t -mor tem dye studies indicated that the re- 
j ec ted  material passed from the lateral into the third and 
fourth ventr ic les  Postopera t ively ,  pemcdhn  was admm~s- 

tered intramuscularly,  and an anterval of  five days was 
al lowed to elapse before an exper iment  began 

On the test  day,  cats were accl imated to the test envaron- 
ment ,  a ware-mesh cage measunng  110× 130× 150 cm, for at 
least 1 0 hour before mt race reb roven tncu la r  drug mject~ons 
Behavioral ,  autonomic  and motor  changes were  moni tored  
cont inuously  for a period of  4 0 hr and intermit tent ly for 24 
hr 

Verapamd chloride was dissolved m sterde,  pyrogen-free  
0 9%, sodium chloride The solution was then rejected into 
the cerebral  ventricles by hand from a 1 0 ml syringe, in a 
vo lume of  0 I -0  2 ml, over  a period o f  15-20 sec and washed 
in with 0 1 ml of  saline All reasonable aseptic precaut ions 
were taken Each cat was used only once in these experi-  
ments  Doses of  verapamd refer to verapamd chloride 

RESULTS 

When verapamtl chloride (0 5-5 0 mg) was mjected mto 
the cerebral  ventr icles  o f  unanesthet lzed cats,  behavioral ,  
au tonomic  and motor  changes were  observed  after  a short 
latent period o f  a few minutes  (Table 1) The threshold doses  
of  mtracerebrovent r tcu lar  verapamd chloride were 0 5-1 0 
mg After  the m.lectlon o f  low doses  of  verapamd chloride 
(1 0-2 5 mg), the cats became hvely  and alert, and 
mlaowed,  and the resparatory rate increased ove r  100/mln 
Defecat ion,  mlcturlt lon and mydrmsls  also occur red ,  some- 
tames short periods of  pantmg, ataxla and muscular  weak- 
ness were  observed  With larger doses  o f  mt race rebroven-  
tncular  verapami1 chloride (2 5-5 0 mgL ataxla, muscular  
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w e a k n e s s  and  a d y n a m l a  o c c u r r e d  These  changes  were  
a s soc ia t ed  wi th  mydr las l s  and  re sp i ra to ry  ~rregularltles The 
ef fec ts  las ted  f rom a few m i nu t e s  to severa l  h o u r s  As  a rule,  
the  an imal s  fully r e c o v e r e d  wi th in  four  hours  

In con t ro l  expe r i m en t s ,  w h e n  0 3 ml of  0 9% sodium 
ch lor ide  was  inJected into the  cerebra l  ven t r ic les  m the  un- 
a n e s t h e t i z e d  cat ,  the only r e s p o n s e  was occas iona l  mlaow-  
lng 

DISCUSSION 

As s h o w n  in these  e x p e r i m e n t s ,  ve rapaml l  in jec ted  into 
the  ce rebra l  ven t r ic les  of  u n a n e s t h e t l z e d  ca ts  e v o k e s  b e h a v -  
Ioral, a u t o n o m i c  and  m o t o r  p h e n o m e n a  It has  a l ready been  
r epo r t ed  tha t  w h e n  the  ce rebra l  ven t r i c les  of  the  un- 
a n e s t h e t i z e d  cat  are per fused  wi th  a ca lc ium-f ree  solut ion,  
in t ense  h y p e r t h e r m l a ,  r e sp i ra to ry  i r regular i t ies ,  pant lng  and  
a l e r tnes s  deve lop  [3] In this  connec t ion ,  at ms in te res t ing  to 
no te  tha t  l n t r a c e r e b r o v e n t r l c u l a r  ve rapaml l  p r o d u c e s  Iong- 
l a s tmg  h y p e r t h e r m l a  p r e c e d e d  by  shor t - las t ing  h y p o t h e r m l c  
effect  in u n a n e s t h e t l z e d  ca ts  [14], By c o m p a r i n g  the  doses  of  
m t r a c e r e b r o v e n t r l c u l a r  ve rapaml l ,  it is seen tha t  verapaml l ,  
mic ro - in jec ted  into the  ce rebra l  ven t r ic les  m doses  at least  
t en  t imes  larger  t han  tha t  wh ich  e v o k e s  changes  in the  body  
t e m p e r a t u r e ,  i nduces  behav io ra l ,  a u t o n o m i c  and  m o t o r  
c h a n g e s  in ca t s  V o l t a g e - d e p e n d e n t  ca lc ium c h a n n e l s  m the 
c a r d i o v a s c u l a r  sys t em as well  as m the cent ra l  n e r v o u s  sys- 
tem are b locked  by ca lc ium an tagon i s t s  [6, 9, 16] Accord-  
mgly,  the  mos t  r ea sonab le  exp lana t ion  under ly ing  the  mech-  
an i sm of  l n t r a c e r e b r o v e n t n c u l a r  effects  of  ve rapamf l  ms ~ts 
ac t ion  on v o l t a g e - d e p e n d e n t  ca lc ium c h a n n e l s  in the  b ra in  
On the  o t h e r  hand ,  w h e n  c a l c m m  in excess  ts mic ro- in jec ted  
into the  h y p o t h a l a m u s  or  reJected into the  ce rebra l  ven t r ic les  
of  the  unanes the t~zed  cat ,  seda t ion ,  a s leep-l ike s ta te ,  de- 
p ress ion  or  a b o h t l o n  of  c a r b a c h o l - l n d u c e d  aggres swe  b e h a v -  
ior o c c u r s  [1, 3, 5, 13] 

A n o t h e r  in te res t ing  f inding is tha t  w h e n  ve rapaml l  is in- 
j e c t e d  into the  ce rebra l  ven t r i c les  of  u n a n e s t h e t l z e d  cats ,  
a l e r tnes s  is the only emot iona l  behavlo~'al s y m p t o m s  
p r o d u c e d  Recent ly ,  it was  pos tu la t ed  tha t  neuro lep t l c  drugs  
of  the  d l p h e n y l b u t y l p l p e n d l n e  type  reve r se  nega t ive  schizo-  
ph ren ic  s y m p t o m s  such  as emot iona l  wi thdrawal  and  lack of  
affect  [7, 10, 11], p robab ly  by impai r ing  verapaml l -sens l t lVe  
ca lc ium influx [9] Accord ing ly ,  behav io ra l  a l t e ra t ions ,  such  
as a le r tness ,  e v o k e d  by  l n t r a c e r e b r o v e n t r l c u l a r  v e r a p a m d  
could  be  re la ted  to an ac t ion  on  v o l t a g e - s e n s m v e  c a l c m m  
c h a n n e l s  in the  bra in  C once i vab l y ,  the  r e sp i ra to ry  w- 

T A B L E  1 

GROSS BEHAVIORAL EFFECTS FOLLOWING 
INTRACEREBROVENTRICULAR INJECTION OF VERAPAMIL IN 

UNANESTHETIZED CATS 

Verapamd 0 3 ml of 
Effects 0 5-5 mg 0 ~ NaCI 

Emotional 
restlessness 
alertness + 
mlaowlng + 
rage 
attack 
fighting with paws 
bmng 
fl~ght 

Autonomic 
mydr|asls + 
tachypnoea + 
dyspnoea + 
pantmg _+ 
hcklng ± 
vomiting 
sahvatlon 
defecation ± 
mlcturltlOn + 

Motor 
scratchmg 
ataxm + 
muscular weakness + 
adynamla + 
tremor 
myoclomc jerks 
convulsions 

+ symptom present, ± symptom inconsistent, - symptom ab- 
sent 

regular i t ies  may also con t r ibu te  to the a l e r tness  Final ly,  the  
low inc idence  of  s~de effects  of  ve rapaml l  in the  cent ra l  
n e r v o u s  sys t em could be re la ted  to high par t i t ion ing  of  the 
drug  into the  ca rd iovascu l a r  sys tem or  the  relat ive spec~ficlty 
of  this  ca lc ium a n t a g o m s t  to ca lc ium channe l s  in the cent ra l  
n e r v o u s  sys t em 

R E F E R E N C E S  

1 Beleshn, D B ,  R SamardZlc, S K Krstlc and M gtrbac Effect 
of calcmm chloride on gross behaworal changes produced by 
carbachol and eserlne m cats At ta Ph~ stol At ad S~ t Hung 60. 
89-98, 1982 

2 Blaustem, M P Sodmm ions, calcmm ions blood pressure regu- 
lahon, and hypertension a reassessment and a hypothesis Am 
J Physiol 232. C185-C173, 1977 

3 Feldberg, W ,  R D Myers and W L Veale Perfuslon from 
cerebral ventricle to c~sterna magna m the unanaesthet~zed cat 
Effect of calcmm on body temperature J Phv~tol (Lond) 207. 
403-416, 1970 

4 Feldberg, W and S L Sherwood A permanent cannula for 
mtraventncular reJection m cats J Phystol (Lond) 120: 3-5P, 
1953 

5 Feldberg, W and S L Sherwood Effects o1 calcium and 
potassmm reJected into the cerebral ventricles of the cat I 
Phvstol (Lond) 139" 408-416, 1957 

6 Fleckenstem, A Specific pharmacology of calcium in myocar- 
dlum, cardmc pacemakers, and vascular smooth muscle Annu 
Re~ Phurma~ ol Toxt~ol 17. 149-166, 1977 

7 Frangos, H , N P Zlssls, 1 Leontopoulos, N Dlamantas S 
Tsltoundls, I Gavnl and K Tsohs Double-bhnd therapeuUc 
evaluaUon of flusptrllene compared with fluphenazme de- 
canoate m chromc sch~zophremcs A(ta P~v~htutt S~and 57" 
436-446, 1978 

8 Glsolfi, V V F Mora and R D Myers Dlencephahc efflux of 
calcmm ~ons m the monkey durmg exercise, thermal stress and 
feeding J Phwtol  (Lond) 273 617-630, 1977 



V E R A P A M I L  A N D  B E H A V I O R  331 

9 Gould R J ,  K M M Murphy,  I J Reynolds  and S H 
Snyder  Ant l sch lzophremc drugs of  the d lphenylbuty lp lpendme 
type act as calcium channel  an tagomsts  P~o~ Natl A~ad S~l 
USA 80 5122-5125, 1983 

10 Laplerre,  Y D A controlled s tudy of  penf lundol  in the treat- 
ment  of  chromc sch~zophrema Ant l Ps~  htat~x 135" 956-959, 
1978 

11 Laplerre,  Y D and J Lavallee Plmozlde and the socml behav- 
ior of  sch lzophremcs  CttH Ther Re~ 18" 181-188, 1975 

12 Myers,  R D The role of  tons in thermoregulat lon and fever In 
Handhool, o/ E~peHmental Pharma~ olog3 vol 60, edited by 
A S Mdton Berhn Sprmger-Verlag,  1982, pp 151-186 

13 Myers  R D and W L Veale The role o f s o d m m  and ca lcmm 
~ons m the hypo tha lamus  m the control of  body tempera ture  m 
the unanaes thet lzed  cat J Ph~ stol (Lond) 212" 411-430, 1971 

14 Samard21c, R and D B Beleshn Effets de la nlphedlpme et du 
verapamd sur la tempera ture  corporelle du chat  C R So~ Btol 
178 382-386, 1984 

15 T6szeghl ,  P ,  1 T o b l e r a n d  A A Borbely Cerebral ventrzcular 
infusion of excess  calcium m the rat effects on sleep states,  
behavior  and cortical EEG EurJ Phatma~ o151. 407-416, 1978 

16 Zsoter ,  T T and J G Church  Calcium antagon.s ts  Phar- 
macodynam~c effects and m e c h a m s m  of  action Drugs 25" 93- 
112, 1983 


