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Summary :  C a r b a m a z e p i n e  is used  to t r e a t  m a n i c - d e p r e s s i v e  d i s o r d e r ,  a nd  is al-  
so an a n t i c o n v u l s a n t .  Ra t s  were in j ec t ed  with th i s  d r u g  90 rain p r i o r  to th i s  
e x p e r i m e n t ,  when  mild i n h i b i t i o n  of c o n v u l s i o n s  took p lace .  I n t r a v e n t r i c u l a r  
i n j e c t i o n s  of 14 uCi  [3H]myoinos i to l  were made 20-24 h r s  p r i o r  to the  e x p e r -  
imen t .  N ine ty  min a f t e r  i n t r a p e r i t o n e a l  i n j ec t i on  of c a r b a m a z e p i n e  or v e h i -  
cle,  r a t s  were g i v e n  e l e c t r o c o n v u l s i v e  shock or sham p r o c e d u r e  and  sac r i f i ced  
30 sec l a t e r .  I n c o r p o r a t i o n  of r ad io labe l  in to  inos i to l  l ip ids  and  inos i to l  
p h o s p h a t e s  was a n a l y z e d  in c e r e b r a l  c o r t e x  and  h i p p o c a m p u s .  C a r b a m a z e p i n e ' s  
e f fec t s  on the  b r a i n  inos i to l  l ip id  cyc le ,  s t u d i e d  he re  for the  f i r s t  t ime,  
showed 1) e n h a n c e d  l abe l ing  in the  p o l y p h o s p h o i n o s i t i d e s  ( c a r b a m a z e p i n e - E C S  
g r o u p s  showed i n c r e a s e s  of abou t  40% in  P IP2) ;  2) d e c r e a s e d  [H]IP 1 l eve l s ;  
and  3) i n h i b i t i o n  of E C S - i n d u c e d  [3H]- IP3  accumula t ion .  © 19,s Aoade~ic p . . . . .  Znc. 

E l e c t r o c o n v u l s i v e  shock  (ECS) t r a n s i e n t l y  a l t e r s  cell s i g n a l - t r a n s d u c -  

t ion  sys t ems  as well as second  m e s s e n g e r s ,  i n c l u d i n g  the  inos i to l  l ip id  cycle  

( 1 - 8 ) .  Th i s  cycle  is a major second  m e s s e n g e r  sys t em which is l i nked  to a 

n u m b e r  of n e u r o t r a n s m i t t e r s / n e u r o m o d u l a t o r s  i n c l u d i n g  the  c ho l l ne r g i c  ( A C h ) ,  

s e r o t o n e r g i c  ( 5 - H T 2 ) ,  n o r a d r e n e r g i c  ( a l p h a - l ) ,  t h y r o t r o p i n - r e l e a s i n g  hormone 

( T R H ) ,  and  p la te le t  a c t i v a t i n g  fac tor  (PAF) (7 -9 ) .  Af t e r  r e c e p t o r  a c t i va t i on ,  

two second  m e s s e n g e r s  a re  p r o d u c e d :  d i a c y l g l y c e r o l  (DO),  which is i n v o l v e d  in 

a c t i v a t i o n  of p r o t e i n  k i n a s e  C (10) ;  and  inos i to l  t , 4 , 5 - t r i s p h o s p h a t e ,  which 

is i n v o l v e d  in the  re lease  of calcium from i n t r a c e l l u l a r  s t o r e s  (11) .  Us ing  

an in vivo model, we recently demonstrated that ECS produces a significant in- 

crease in the accumulation of [3H]-IP3 in rat cerebrum, and that pretreat- 

ment with lithium attenuates this effect (I). Since this result is not readi- 
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ly e x p l a i n a b l e  b y  the  i n h i b i t o r y  e f f e c t  of l i th ium on m y o i n o s i t o l - l - p h o s p h a -  

t a se  (12) ,  wh ich  r e s u l t s  in an i n c r e a s e  in m y o i n o s i t o l - l - p h o s p h a t e  (13) ,  i t  

has  b e e n  s u g g e s t e d  t h a t  l i th ium may el ic i t  a new e f f e c t  at t he  p lasma membrane  

on t h e  cel l  s i g n a l  t r a n s d u c t i o n  s y s t e m  i t s e l f  (1) .  

L i th ium's  t h e r a p e u t i c  e f f e c t  in t h e  t r e a t m e n t  of m a n i c - d e p r e s s i v e  d i s o r d e r  

has  b e e n  r e l a t e d  to i ts  i n h i b i t o r y  e f f e c t  on the  inos i to l  l ip id  cyc le  (13-15) .  

B e c a u s e  c a r b a m a z e p i n e  1) is an a l t e r n a t i v e  med ica t ion  to l i th ium in t he  t r e a t -  

ment  of m a n i c - d e p r e s s i v e  d i s o r d e r ,  2) p o s s e s s e s  a c l in ica l  p ro f i l e  s imilar  to 

t h a t  of l i t h ium,  and 3) is a p o t e n t  a n t i c o n v u l s a n t  d r u g  used  in the  t r e a t m e n t  

of complex  p a r t i a l  s e i z u r e s  of t empora l  lobe  e p i l e p s y  (16-19) ,  we h a v e  e x -  

p l o r e d  t h e  e f f e c t s  of t he  d r u g  on t h e  inos i to l  l ip id  c y c l e .  Our  s t u d i e s  dem-  

o n s t r a t e  t h a t  ECS p r o d u c e s  i n c r e a s e s  in [ 3 H ] - I P  3 in r a t  c e r e b r a l  c o r t e x  

and  h i p p o c a m p u s .  P r e t r e a t m e n t  with c a r b a m a z e p i n e  comple te ly  i n h i b i t e d  t h e s e  

e f f e c t s ,  and did not  r e s u l t  in i n c r e a s e d  l e v e l s  of [ 3 H ] - I P  1, as s een  with 

l i th ium ( 1 , 2 2 ) .  Ivloreover,  c a r b a m a z e p i n e  p r e t r e a t m e n t  d e m o n s t r a t e s  a t e n d e n c y  

to d e c r e a s e  [ 3 H ] - I P  1 l e v e l s .  T h i s  r e p o r t  is the  f i r s t  to d e m o n s t r a t e  e f -  

f e c t s  of c a r b a m a z e p i n e  on the  inos i to l  l ip id  c y c l e .  

MATERIALS AND METHODS 

Animal Preparation: Male Sprague-Dawley rats (220-280 g) were prelabeled by 
bilateral in[Tac-~ebroventricular injection of 7 uCi of [31~I]-myoinositol (15 
Ci/mmol, American Radiolabeled Chemicals), 20-?.4 hrs prior to sacrifice under 
light ether anesthesia. Rats were kept overnight and given access to food and 
water ad libitum under a regular light-dark cycle. Rats were pretreated with 
carbamazepine (50 mg/kg) or vehicle (ethanol) intraperitoneally 90 minutes 
prior to either ECS or sham procedure. This time point was selected after 
pretreatment of rats with carbarnazepine because, although the drug inhibited 
seizures after 30 rain, only a mild inhibition was observed after 90 rain. ECS 
was produced using a Grass $48 Stimulator (Grass Medical Instruments, Quincy, 
MA) using stainless steel scalp electrodes with a stimulation rate of 155 cps, 
120 Volts, 750 ms duration. Rats were sacrificed 30 sec after real or sham 
ECS by high-power head-focussed microwave irradiation for 1.5 sea (6.5 KW, 
2450 MHz; Cober Electronics, Stamford, CT), and immersed immediately in ice 
water. 

E x t r a c t i o n  and  I so l a t ion  of P h o s p h o i n o s i t i d e s :  T h e  c e r e b r a l  c o r t e x  and h i p p o -  
campus  w e r e  d i s s e c t e d  and  homogen ized  in 20 vo l s  of c h l o r o f o r m : m e t h a n o l  (2:1 
v / v ) .  T h e  p h o s p h o i n o s i t i d e  e x t r a c t i o n  and TLC method  w e r e  done  as p r e v i o u s l y  
r e p o r t e d  (1 ) ,  e x c e p t  t h a t  the  s o l v e n t  s y s t e m  u s e d  was c h l o r o f o r m : a c e t o n e :  
m e t h a n o l : g l a c i a l  ace t i c  a c i d : w a t e r  ( 8 0 : 3 0 : 2 6 : 2 4 : 1 4  v / v ) .  Lipid  p h o s p h o r u s  was 
d e t e r m i n e d  a c c o r d i n g  to t he  me thod  of R o u s e r  et  al (20) .  A u t h e n t i c  s t a n d a r d s  
were used for PIP 2, PiP, and Pl, and the lipids were visualized using iodine 
staining. Scintillation counting was done using 5 ml of Redi-Value per 
sample, and counted by H-number. 
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A n a l y s i s  of  I n o s i t o l  P h o s p h a t e s :  A n  a l i q u o t  of  t h e  w a t e r - s o l u b l e  p h a s e  of  t h e  
a c i d i f i e d  c h l o r o f o r m - m e t h a n o l  e x t r a c t i o n  w a s  u s e d  f o r  i n o s i t o l  p h o s p h a t e  d e -  
t e r m i n a t i o n ,  b a s e d  o n  t h e  e l u t i o n  s y s t e m  d e s c r i b e d  b y  B e r r i d g e  e t  a l  ( 2 1 ) :  
1) 5 mM m y o i n o s i t o I ;  2) 0 . 6 0  Na  f o r m a t e / 5  mM d i s o d i u m  t e t r a b o r a t e ;  3) 0 . 1 5  M 
a m m o n ,  f o r m a t e / 0 . 1  M f o r m i c  a c i d ;  4) 0 . 5  M a m m o n ,  f o r m a t e / 0 . 1  f o r m i c  a c i d ;  5) 
1.0 M ammon, formate/0.1 M formic acid; 6) 1.2 M ammon, formate/0.1 M formic 
acid. Authentic standards of [3H]-myoinositol-l,4,5-phosphate and [3H]- 
mvoinositol-l,3,4,5-phosphate (New England Nuclear) were used to define the 
[3H]-IP 3 and [3H]-IP 4 peak areas. The resin used was 2 ml of Bio Rad 
AGI XS, 200-400 mesh, formate form. Scintillation counting was done with 4.5 
ml of Beckman Redi-Value per sample and counted by H-number. 

S t a t i s t i c a l  A n a l y s i s :  S t a t i s t i c a l  a n a l y s i s  was  d o n e  u s i n g  A N O V A .  

R E S U L T S  AND D I S C U S S I O N  

E C S  s h o w e d  a t e n d e n c y  to  e n h a n c e  t h e  [3H]  m y o i n o s i t o l  l a b e l i n g  in  p o l y -  

p h o s p h o i n o s i t i d e s  in  b o t h  c e r e b r a l  c o r t e x  a n d  h i p p o c a m p u s .  P I  i n  c e r e b r a l  

c o r t e x ,  o n  t h e  o t h e r  h a n d ,  s h o w e d  a d i m i n i s h e d  I a b e l i n g  b y  t h e  p r e c u r s o r  u n d e r  

t h e s e  c o n d i t i o n s  ( T a b l e  D. T h i s  m a y  r e f l e c t  P I  h y d r o l y s i s  in  t h e  c e r e b r a l  

c o r t e x  d u r i n g  c o n v u l s i o n s ,  in  a d d i t i o n  to  e n h a n c e d  t u r n o v e r  i n  P I P  a n d  P I P  2. 

T a b l e  1. E f f ec t s  of e l e c t r o c o n v u l s i v e  s h o c k  a n d / o r  c a r b a m a z e p i n e  on 

i n c o r p o r a t i o n  of [ 3 H ] - m y o i n o s i t o l  i n to  r a t  c e r e b r a l  c o r t e x  and  h i p p o c a m p u s  

20-24 h r s  p r i o r  to s ac r i f i ce  

Condi t ion  [ 3H ] -PI  [ 3H l -P IP  [ 3tt ] - P i P  2 

CEREBRAL CORTEX 

Control 4829 + 49 548 + 23 560 + 32 

ECS 4243 + 137"* 541 + 19 602 + 29 

C a r b a m a z e p i n e  4890 + 87 631 + 16" 653 + 39 

C a r b ~ n a z e p i n e - E C S  5163 + 186 a ,** 666 + 40** a ,** 777 + 54* a ,** 

HIP POCAM-PUS 

Control 2266 + 45 166 + 6 233 + ii 

ECS 2227 + 44 181 + i0 254 + [3 

Carbamazepine 2352 +_ 35 185 _+ i0 253 _+ 13 

C a r b a m a z e p i n e - E C S  2118 + 42* 234 + 14"* a ,** 321 + 30** a ,*  

Values  a r e  d p m / 1 0 0  mg l ipid  p h o s p h o r u s  + S .E.M.  ( n  = 7-9 r a t s / g r o u p ) ;  
*p < .05,  **p < .005; s t a t i s t i c a l  ana ly s i s  was done us ing  ANOVA. Values  
a re  c o r r e c t e d  to to ta l  l abe l  i n c o r p o r a t e d ;  a, r e f e r s  to c a r b a m a z e p i n e - E C S  
compared  to ECS. 
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Carbamazepine pretreatment showed a tendency towards increased incorporation 

of [3Fi]-myoinositol in the polyphosphoinositides (Table I) and, when fol- 

lowed by ECS, led to increases of approximately 40% in PIP 2 of cerebral cor- 

tex and hippocampus. The carbamazepine-ECS treated rats, when compared with 

the ECS-treated rats, also showed statistically significant increases in PIP 

and PIP 2. This enhanced labeling may result from an ECS-induced activation 

of the inositol lipid cycle (1,6,8), and from an inhibitory effect of carbama- 

zepine on the G protein-phospholipase C regulatory system. Lithium also re- 

sulted in a tendency towards increased incorporation of [3H]-myoinositol in 

the brain polyphosphoinositides (i). 

Carbamazepine decreased [3H]-IPI in both cerebral cortex and hippo- 

campus. This effect ,nay reflect an inhibition of phospholipase C activity on 

phosphatidylinositol (PI), an inhibition of the IP2-phosphatase, or a stimu- 

lation of the IPi-phosphatase. This decrease in [3H]-IPI is in marked 

contrast to the elevations seen with lithium pretreatment (1,22). Since car- 

bamazepine and lithium are effective in the treatment of manic-depressive 

states, it is of interest that carbamazepine in vivo does not seem to inhibit 

myoinositol-l-phosphatase, as lithium does. 

Electroconvulsive shock (ECS) increased the levels of [3H]-IP3 in rat 

cerebral cortex by 55% and in hippocampus by 48%, suggesting a marked stimu- 

lation of PIP 2 hydrolysis (Table 2). Carbamazepine pretreatlnent prior to 

ECS completely inhibited the ECS-induced accumulation of [3H]-IP3 in both 

cortex and hippocampus (Table 2). [3H]-IP 4 (inositol tetrakisphosphate) 

was not detected using this in vivo system. The inhibition of ECS-induced 

[3H]-IP3 accumulation may be due to an inhibitory effect on membrane-bound 

cell signal transducing molecules; stimulation of PIP 2 phosphomonoesterase; 

stimulation of the IP 3 kinase; or stimulation of IP 3 phosphatase. The 

data suggests an effect at either the receptor, O protein, or phospholipase C 

level. Lithium was previously shown to attenuate the ECS-induced accumulation 

of [ H I - I P  3. 
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Table 2. Changes in inositol phosphates in rat cerebral cortex and 

hippocampus after carbamazepine and/or electroconvulsive shock 

Condition [ 3H ]-GPI [ 3 H ] -I Pl [ 3H ]-IP2 [ 3H ]-IP3 

CEREBRAL CORTEX 

Control 519 + 113 1856 + 135 257 + 15 387 + 14 

ECS 517 + 119 2007 + 95 453 + 36** 598 + 37** 

Carbamazepine 475 + 120 1581 + 112 347 + 50 385 + 14 

C a r b a m a z e p i n e - E C S  429 + 57 1263 + 195" a ,*  313 + 30 a ,*  350 + 48 a ,**  

HIPPOCAMPUS 

Control 472 + 32 353 + 21 119 + 18 129 + 9 

ECS 410 + 15 318 + 17 158 + Ii 191 + i0"* 

Carbamazepine 408 + 24 290 + 19" I17 + 15 132 + 5 

Carbamazepine-ECS 458 + 19 322 + [[ 151 + 24 132 + Ii a,** 

Carbamazepine (50 mg/kg) or vehicle was injected IP 90 rain prior to either 
ECS or sham. Animals were sacrificed 30 seconds after ECS or sham by head- 
focussed microwave (6.5 kw, 1.5 sec). Values are dpm/100 mg lipid phosphor- 
us + S.E.M. (n = 7-9 rats/group); p < .05, **p < .005; statistical analysis 
was--done using ANOVA. Values are corrected to total [3H]-myoinositol in- 
corporated; a, refers to carbamazepine-ECS compared to ECS; [3H]-IP4 was 
not detected. 

Besides the similar therapeutic effects of carbamazepine and lithium, 

both drugs block stimulated release of norepinephrine (23), decrease GABA 

turnover (24), and inhibit adenylate cyclase stimulated by various ligands 

(25). The labeling of inositol phosphates (Table 2) suggests that earbamaze- 

pine does not inhibit myoinositol-l-phosphatase since [3H]-IP I levels were 

actually reduced, and carbamazepine does not amplify the inositol phosphate in 

response to stimulation, as lithium does. Moreover, carbamazepine elicits an 

inhibition in [3H]-IP 3 accumulation, probably interfering with cell mem- 

brane signal-transduction systems. 

In summary, using an in vivo model, we have shown that ECS stimulates the 

inositol lipid cycle in rat cerebral cortex and hippocampus, and that carbama- 

zepine completely inhibits the ECS-induced increases in [31-I]-IP 3. Previ- 

ous work indicated that lithium attenuated the [3H]-IP3 response (I), sug- 
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gesting that lithium may elicit effects on the signal transduction mechanism 

in addition to inhibiting myoinositol-l-phosphatase (i). Garba,nazepine did 

not increase [ 3H ] -IP i ' indicating a lack of effect on myoinositol- l- 

phosphatase. The effects reported here ~aay underlie the basis of carbarnaze- 

pine, or of lithium as recently suggested (i), as an effective treatment for 

manic-depressive disorders. Although the former is also an anticonvulsant 

drug, the present study was conducted with rats injected with carbamazepine 90 

min prior to the experiment, a time at which mild inhibition of convulsions 

took place. As with lithium (i), carbamazepine may elicit effects at the cell 

signal transduction level, perhaps the G protein-phospholipase C system. 
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