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VELLUCCI, S V AND R A WEBSTER The effects of  fl-carbohne carboxyhc acid ethyl ester and ~ts fiee acid. 
administered ICV, on the antwonvulsant activity of  dtazepam and sodium valproate m the mouse PHARMACOL 
BIOCHEM BEHAV 24(4) 823-827, 1986 --The effects of tntracerebroventncular (ICV)/~-carbohne carboxyhc acid 
ethyl ester 03-CCE) and ~ts free acid on the protective effects of d~azepam against leptazol- and R05-3663-mduced 
convulsions were mvest~gated m m~ce and compared w~th their effects on the antdeptazol effect of sodmm valproate, 
m an attempt to demonstrate a specific central effect of B-CCE on benzodtazep~ne functmon The results show that a 
small dose (1 p.g) of fl-CCE but not ~ts free acid (in doses of up to 100 p.g) was able to reverse the protecuve effects of 
dlazepam a~alnst ieptazoi- and R05-3663-mduced convulsions, whereas the effects of sodium valproate, a non- 
benzodmzepme ant~convulsant, could not be reversed by these fl-carbohne derivatives 

fl-Carbohne carboxyhc acid ethyl ester (/3-CCE) Dmazepam Sodium valproate Convulsions M~ce 

FOLLOWING the isolation of fl-carbohne carboxyhc acid 
ethyl ester (fl-CCE) from human urine and mammalian brmn, 
and the discovery that this compound is a potent and specific 
inlub~tor of benzodiazepme (Bz) binding to rat brain mem- 
brane fragments In vttro (Kl-1  nm [2, 12, 13]), it was estab- 
hshed that/~-CCE administered vm a peripheral route could 
counteract the pharmacological effects of Bzs in vivo. For 
example, /3-CCE was shown to antagonize the antlconvul- 
sant effects of diazepam [15,23], lower the seizure threshold 
to bicuculline and antagonize the locomotor inhibitory ef- 
fects of flurazepam [4], as well as counteracting the anxioly- 
t~c activity of Bz [3]. These studies involved the admlmstra- 
tlon of/3-CCE intravenously m high doses (relative to Rs 
potency), as the compound is rapidly hydrolyzed by liver 
and k~dney esterases [19,20]. More recently we have camed 
out experiments in which low (/zm) doses of/3-CCE were 
administered intracerebroventriculady (ICV) m order to 
avoid possible metabolic and indirect effects and demon- 
strated that these low doses were capable of antagonizing the 
ant~confllCt effects of chlord~azepoxlde m the rat [261 and of 
antagonizing the antlleptazol effects of dlazepam and exert- 
m g a  proconvulsant effect in the mouse [25]. 

In the present work some of the latter observations have 
been extended in order to attempt to demonstrate a specific 
central effect of/3-CCE on Bz receptor mediated effects. 
Thus the abd~ty of~8-CCE and its free acid, which has signifi- 
cantly lower affimty for brmn Bz receptors than/3-CCE [2], 
administered ICV to conscious m~ce, to counteract the 
protective effects of dmzepam against leptazol- and R05- 
3663-induced convulsions was investigated and compared 
w~th their effects on the antlleptazol activity of sodium val- 
proate, a non-benzodiazepme antlconvulsant drug. 

METHOD 

Female C3H m~ce (20-30 g body weight) were used in 
randomized groups allocated to new cages not less than 2 hr 
before the start of the experiments. Each animal was used 
for one experiment only. For the ICV rejections a standard 
procedure was employed m which 10 p.I vol. were slowly 
injected into the third cerebral ventricle of the ~ntact con- 
scious mouse via a Hamdton syringe with a 27 gauge needle 
3.5 mm in length. At the end of each experiment the ammals 
were killed, the skull exposed and the injection s~te verified. 

'Requests for repnnts should be addressed to Sandra V Velluco at her present address Department of Anatomy, UmversRy of Cambridge, 
Downmg Street, Cambridge, CB2 3DY UK 

823 



824 V E L L U C C I  A N D  W E B S T E R  

"FABLE I 

THE EFFECTS OF ,8-CCE AND ITS FREE ACID ON THE ANTI-LEPTAZOL AND ANTI-RO5-3663 ACTIVITY 
OF DIAZEPAM 

Treatment 

VeMcle IP D=azepam D=azepam Dtazepam 
+ ACSF or (500 ~g/kg) (500 ~tg/kg) (500 V,g/kg) 

/3-CCE 1P + /3-CCE IP + /3-CCE IP + /3-CCE 
Vehicle VeMcle (0 5 htg) (I txg) 

ICV ICV ICV ICV 

D|azepam 
(500 ~g) IP 

+ /3-Carbohne 
Carboxyhc 
Acid I ~tg, 

1o #g, 
100 p.g 
ICV 

o~ % % % ~ 

convuls- convuls- convuls- convuls- convuls- 
Leptazol mg (n) tng (n) mg (n) mg (n) ~ng (n) 
(60 mg/kg) 
IP 100c/~ (30) 0* (20) 75%~" (12) 100%~ (10) 0 (18) 

RO5-3663 
(15 mg/kg) 
IP 100f,'~ (12) 0* (12) 30c~ (10) 100%* (8) 0 (18) 

Dmzepam was admmtstered 15 mm before, and the /3-carbohne derivatives were adm~ntstered tmmedtately before, the 
convulsant drugs 

*p<0 001 compared w~th the response to convulsant alone 
-tp<0 001 compared with the response m the absence of/3-CCE, (F~sher exact probabd~ty test) 
There was no mgmficant d~fference tn the time to fullbody convulston m ammals treated w~th ACSF and leptazol (60 mg/kg) 

and those treated wtth/3-CCE (I ~g) and leptazol (60 mg/kg) 

T A B L E  2 

THE EFFECT OF/3-CCE AND ITS FREE ACID ON THE ANTI-LEPTOZOL ACTIVITY OF SODIUM VALPROATE 

Treatment 

Sodium Sodmm 
Valproate Valproate 

(200 mg/kg) Sodium Sodium (200 mg/kg) 
Vehicle IP IP Valproate Valproate + /3-Carbohne 
+ ACSF or + B-CCE (200 mg/kg) (200 mg/kg) Carboxyhc 

~3-CCE Vehtcle + /3-CCE + /3-CCE Actd 
VeMcle ICV ICV 0 5 g.g 1 .ttg (I00/.~g) 

% % % % % 

Convuls- Convuls- Convuls- Convuls- Convuls- 
ing (n) ~ng (n) ~ng (n) ~ng (n) ~ng (hi 

Leptazol 
(60 mg/kg) 
IP 100% (30) 0* (6) 0* (6) 0* (6) 0* (6) 

Sodium valproate was admtmstered 15 m~n before, and the fl-carbohne derivatives were administered ~mmedlately before the 
convulsant drugs 

*p<0 001 compared w~th the response to convulsant alone (F~sher exact probabd~ty test) 

Resul ts  f rom an tmal s  w~th ~ncorrect ly p laced mject~ons were  
d~scarded 

In o rde r  to a s sess  c o n v u l s a n t  ac t iv i ty ,  the  m~ce were  
placed singly, m perspex boxes  ( 2 3 x 2 7 x  16 5 cm) and the t~me 
t aken  for  the  onse t  o f g e n e r a h s e d  myoc ion tc  se izures  follow- 
~ng the  admin i s t r a t i on  o f  the  c o n v u l s a n t  d rug  was  r eco rded  
The  a m m a l s  were  o b s e r v e d  for  20 m~n and  scored  e i the r  as 

" c o n v u l s i n g "  or  " n o t  convu l s ing  " Those  that  convu l sed  
were  killed ~mmed~ately by  cerv ica l  d~slocatmn 

S ta t t snca l  analys~s of  the  da ta  was pe r fo rmed  using the  
F~sher exac t  probabd~ty tes t  The  fol lowing drugs  were  used '  
D tazepam ( V a h u m ,  Roche  Produc t s  Ltd . )  was  d~ssolved m a 
m i n i m u m  vo lume  o f  p ropy l ene  glycol ~n d~stdled w a t e r  and  
di luted w~th 0.9% sahne  Th~s was  admin i s t e r ed  m a dose  of  
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500 #,g/kg, IP. Sodium valproate (Epilim, Labaz) was dis- 
solved m sahne and administered IP in doses of up to 300 
mg/kg. Leptazol (daentylenetetrazol, Sigma Chenucal Co. 
Ltd.) was dissolved ~n 0.9% sahne and admlmstered IP. R05- 
3663 (1,3,dihydro-5-methyl-2Hl, 4-benzodiazepine-2-one, a 
convulsant benzodmzep~ne derivative, Roche Products Ltd.) 
was dissolved m 0.3 ml of warm ethanol, made up to 10 ml 
wtth d~stilled water and also administered IP. To prepare the 
/3-carbohne derivatives (i.e., /3-carboline-3-carboxyhc acid 
ethyl ester and the corresponding free acid), approximately 
0. l ml acetic acid was added to a weighed amount of the 
compound followed by 5 ml distilled water. The pH of the 
solution was carefully adjusted to 6.5 with 2 N NaOH and 
the final volume made up to l0 ml with distilled water so that 
l0 #~l of the final solutmn contained the dose to be admires- 
toted ICV. 

Control treatments consisted of equal-volume mjecuons 
of appropriate vehicles 0.e., I ml/100 g for IP and l0 #l for 
ICV administration) 

RESULTS 

The doses of leptazol and R05-3663 that were used here 
(i.e., 60 and 15 mg/kg, respectively) were the lowest doses of 
the compounds that produced full-body convulsions 0.e., 
generahzed myoclomc seizures) m 100% of the animals 
wRhm 3-4 rain. These effects could be completely antago- 
nized by dmzepam (500 ~g/kg) admimstered 15 rain prior to 
the convulsant drug. The free carboxylic acid of fl-CCE (m 
doses of 1-I(30 ~.g ICV) and the vehicle had no behavioural 
effects, whereas fl-CCE (0.5 and 1 ~g ICV) produced be- 
havloural changes m some ammals which included increased 
locomotor activtty but there was no evidence of an overt 
convulsant effect. 

/3-CCE (0.5 and 1 p.g) admmtstered 15 minutes after 
dmzepam and immediately before leptazol sigmficantly 
(p<0.001) reduced the antileptazol effect of dmzepam m a 
dose-related manner (Table 1). On the other hand, the free 
acid (in doses of up to 100 ~g) failed to reverse diazepam's 
antileptazol effect and no convulsions were observed. S~ml- 
larly, fl-CCE (1 p~g) administered 15 minutes after dlazepam, 
and immedtately before R05-3663, s~gnificantly (p<0.001) 
antagonized diazepam's ant~convulsant effect whereas the 
free acid was ineffective (Table 1). 

The antileptazol effects of sodium valproate were not af- 
fected by fl-CCE (1 ~g) despite the fact that the dose of 
valproate chosen was one which only just blocked the effects 
of leptazol Thus body twitches were noted in animals 
treated with valproate and leptazol (both m the presence and 
absence of fl-CCE), however none of the animals convulsed 
and the incidence of these twitches was similar in both 
groups (Table 2). 

Although ~3-CCE has been known to potentiate the effects 
of low (subconvulsant) doses of leptazol, there ~s no evb 
dence to indicate that this was the case with the (convulsant) 
dose of ieptazol used in the present work. The latencles to 
full-body convuismns following leptazol (60 mg/kg, IP) in the 
absence and presence offl-CCE (1 #g, ICV) were 3.42+0 28 
and 2.9-+0.78 minutes, respectively, with all the animals 
(n=20) convulsing in each group. 

DISCUSSION 

These results show that a low (l #.g) dose of/3-CCE, 
admimstered directly into the third ventricle of the mouse 

bra~n, ts capable of antagonizing the antfleptazol and ant~- 
R05-3663 effects of diazepam, whereas the corresponding 
carboxyhc acid, in doses of up to 100/~g ICV or ~ts vehicle, 
were reactive m this respect. Although the rejection sites 
were not examined histologically but were verified by in- 
spection, it is considered unlikely that the convulsions occur- 
mg m /3-CCE-treated animals were due to tissue damage 
caused by the injection or injected substance, as no evidence 
of convuisant act~wty was noted m the corresponding 
vehicle-treated controls or after treatment with the free acid. 

Following the ICV administration of a drug the extent to 
which cerebral diffusion occurs may be crnc~al in determin- 
ing any effects which tt may produce. It is possible, though 
unhkely, that the observed lack of effect of the free acid 
compared wroth that of/~-CCE may have been due to differ- 
ences in diffusion patterns and hence CNS sites reached by 
the two substances after ICV admimstraUon. This question 
may only be resolved satisfactorily by means of autorad~o- 
graphic control studies. The observation that fl-CCE, but not 
the free acid, could reverse the ant~convulsant effects of 
dmazepam correlates well w~th the observations m v i t r o  

which indicate that the IC~o of//-CCE for the inhib~Uon of 
specific [°H] flumtrazepam binding is 7 nM, whereas that of 
the free acid is 31 /zM [2]. 

fl-CCE is h~ghly hpophihc and therefore expected to 
readily cross the blood-brain bamer, however, it has been 
demonstrated that the abihty of tlus compound and related 
esters to occupy Bz receptors m the mouse brain m v w o  is 
substantially less than that observed m w t r o  [19]. Periph- 
erally administered //-carbohne carboxylic acid esters are 
rapidly hydrolysed by liver and k~dney esterases, whereas 
the brain is almost completely devoid of such actiwty Thus 
the ICV route is a very useful one for the administration of 
these compounds as it ehmmates the possibility that/~-CCE 
may be having redirect effects and renders unneccessary the 
use of the h~gh doses (relative to its potency) which have to 
be employed when the compound Is administered pertph- 
erally 

Our findings are in agreement w~th the observatmns of 
Tenen and Hirsch [23] who administered /~-CCE intrave- 
nously to mice (in doses of 3.2-32 mg/kg) and demonstrated 
that it could antagomze the antdeptazol effect of d~azepam. 
A similar finding was reported by Oakley and Jones [ 15] who 
admlmstered ~-CCE to mice in a dose of 100 mg/kg, IP, 
fl-CCE Is also capable of potentiating the effects of low (sub- 
threshold) doses of leptazol in m~ce [15,25], of lowenng the 
seizure threshold to blcuculhne [4], of ellclt~ng EEG seizures 
in the rat [20] and of facditat~ng the occurence of audiogenic 
seizures in susceptible mice when exposed to subthreshold 
sound levels [6]. Thus it is quite possible that the reversal of 
dlazepam's antdeptazol effect m~ght have resulted from the 
proconvulsant activity of ~-CCE, rather than from a direct 
competiUve antagonism of the effect of d~azepam. However, 
the former is unlikely as the present work indicates that 
fl-CCE (1/~g) was unable to reverse the effects of a dose of 
sodium valproate which only just blocked the effects of the 
dose of leptazol used. Furthermore it has been demonstrated 
that a s~mdar dose of fl-CCE did not potenuate the effects of 
convulsant doses (60 mg/kg and above) of leptazol m mice 
(Velluccl, unpubhshed observations) 

Sodium valproate ~s an anticonvulsant drug which is be- 
heved to enhance GABA-mediated neurotransmission by 
acting at the dihydroplcrotoxmin (p~crotoxin) s~te to prolong 
the life-t~me of GABA-receptor regulated chloride 
ionophores [20] There ~s no evidence to indicate that sodium 
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va lp roa t e  ac t s  d i rec t ly  on  G A B A  recep to r s  tn a m a n n e r  simi- 
lar  to b icucul l ine ,  as it fads to affect  [ '~H]-musclmol b inding  
[8]. Some  au tho r s  have  d e m o n s t r a t e d  tha t  R015-1788 could 
abo l i sh  the  tmmobi l i ty  and  seda t ion  p roduced  by va lp roa te ,  
cou ld  an t agon ize  some  o f  its e l ec t rophys to log lca l  ef fects  and 
could  exer t  a shor t - las t ing  an tagon i s t i c  effect  on  ~ts 
an t iconf l ic t  ac t iv i ty  [10,I1] H o w e v e r ,  o t h e r  au tho r s  have  
been  unab le  to  conf i rm these  o b s e r v a t i o n s  [14,29] and  it ap- 
pea r s  unl ike ly  tha t  the  a n t t c o n v u i s a n t  and  ant~confllCt effects  
o f  va lproa te  are media ted  via a direct  ac t ion  on Bz receptors ,  as 
the  d rug  does  not  a l te r  basal  o r  G A B A  r ecep to r - s t imu la t ed  
['~H] d t a z e p a m  binding  to rat  bra in  m e m b r a n e  f r agmen t s  [24] 
The  p re sen t  resul ts ,  wh ich  d e m o n s t r a t e d  tha t  /3-CCE was 
unab le  to r eve r se  the  an t t l ep tazo l  effects  of  a low dose  of  
va lp roa te ,  are in a g r e e m e n t  wi th  this.  

The  doses  o f  leptazoi  and  R05-3663 used were  c h o s e n  on  
the  basts  o f  ex t ens ive  pilot  s tudies  as be ing  equl -ef fec t tve  at 
p roduc ing  c o n v u l s i o n s  m all an ima l s  within 5 minu te s  and  
wh ich  could  be  comple t e ly  b locked  by  500/zg/kg d l a z e p a m  
Al though  e x t e n s i v e  d o s e - r e s p o n s e  s tud ies  were  not  car r ied  
out ,  it a p p e a r s  tha t  the  anti-R05-3663 effects  of  d l a z e p a m  
were  less suspec t ib le  to /~-CCE (0 5 /zg) than  were  its 
an t l l ep taso l  effects  This  d~fference may  be a s soc ia ted  w~th 
the  d i f ferent  p roposed  si tes of  ac t ion  o f  the  two c o n v u l s a n t s  
Lep ta so l  ~s be l ieved to exe r t  e f fec ts  at G A B A  and Bz recep-  
tors  [9,17] a l t hough  there  is some  e v i d e n c e  tha t  ~t may  act  at 

the  chlor ide  Ionophore  site [18], whe rea s  R05-3663, a l though  
s t ruc tura l ly  very  s lmdar  to d l a z e p a m  , does  not  act  on  Bz 
r ecep to r s  but  acts  specif ical ly at the  chlor ide  t onophore  (dt- 
h y d r o p l c r o t o x m i n )  site [5, 7, 16] and  shows  very  little in- 
t e rac t ion  with b inding  s~tes for  G A B A .  Bz or /3 -ca rbo l lnes  [ 1, 
21, 221 

In conc lus ion ,  these  resul t s  indica te  tha t  small  doses  of  
¢¢-CCE but  not  ~ts free acid,  admin i s t e r ed  cent ra l ly ,  are 
capab le  o f  specif ical ly r eve r s ing  the p ro tec t ive  effects  of  d~- 
a z e p a m  agains t  leptazol-  and  R05-3663-1nduced convu l s ions .  
whe rea s  the  an tdep t azo l  ac t iv i ty  o f  sod ium va lp roa te ,  which  
does  not  act  on  Bz r ecep to r s ,  was  unaf fec ted  

Al though  the  da ta  p r e s e n t e d  here  have  been  ob ta ined  
with female  mice,  we have  found  tha t  w h e n  assess ing  gross  
behav tou ra l  ef fects  such as the o c c u r r e n c e  of  g e n e r a h z e d  
myoc lon lc  se izures ,  tha t  da ta  obtaaned with male  mice are 
quan t i t a t ive ly  and quah ta t lve ly  s lmdar  [25, 27, 28] 
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