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of the rtghtmg response PHARMACOL BIOCHEM BEHAV 24(4) 963-965, 1986--Ethyl-/i-carbohne-3-carboxylate (/3- 
CCE), mosme and Ro 15-1788 are antagomsts of several actions of the benzodtazepmes These compounds can be 
d~fferentmted, however, according to their abd~ty to reverse the loss of the righting response reduced by d~azepam Ro 
15-1788 completely reversed effects of d~azepam on the righting response of p~geons and squtrrel monkeys but was 
ineffective against comparable effects produced by pentobarb~tal Pretreatment w~th Ro 15-1788 protected against 
d~azepam-mduced righting loss Netther mos~ne nor /3-CCE reversed d~azepam-~nduced righting loss or acted 
prophylacttcally against th~s effect Since fl-CCE has been characterized as an mverse agomst at the benzodmzepme 
receptor, the absence of antagomsm we report would suggest that fl-CCE lacks specific pharmacological acttvtty which 
opposes suppression of the righting response by d~azepam Research wtth these preferenttally-actmg antagomsts may lead 
to the development of anx~olyt~cs devoid of the sedattve-hypnonc properhes inherent m the drugs currently m a chmcal 
use 

Dtazepam Ro 15-1788 Ethyl-/3-carbohne-3-carboxylate I nos~ne  Antagomsm R~ghtmg reflex 

BENZODIAZEPINES, the most w~dely used drugs in the 
treatment of anxiety, suffer from their lack of pharmacologi- 
cal speofioty;  sedation ~s a common s~de-effect of these 
drugs Compounds have recently been dtscovered which can 
antagomze effects of the benzodtazepmes and promise to 
greatly enhance our understanding of the mechamsms under- 
lying anxiety states Ethyl-fl-carbohne-3-carboxylate (/3- 
CCE), ~nosme, and Ro 15-1788 [ethyl-8-fluro-5,6-d~hydro- 
5-methyl-6-oxo-4H-~m~dazo (l,5a) (I,4) benzodiazepme-3- 
carboxylate], for example, b~nd to specific benzod~azepme 
receptors ~n bra~n [12, 14, 15] and produce a dose-dependent 
antagomsm of several pharmacological actions of the ben- 
zodtazeplnes [2, 3, 4, 9, 17, 35]. Ro 15-1788 has httle In- 
tnns~c activity [4] although, as w~th moslne (e g., [10,17]), 
Ro 15-1788 has some benzod~azep~ne-hke actions (e g., 
[7]). In contrast, /3-CCE has actions which are opposite 
those of the benzodlazep~nes and has been characterized as 
an ~nverse agomst [3, 13, 16] We find that these compounds 
can also be d~fferent~ated on the bas~s of their abd~ty to an- 
tagomze effects of d~azepam on the nghhng response. 

METHOD 

Adult male White Carneaux p~geons (Columbia hvae), 
460-580 g, and adult male squtrrel monkeys (Sacrum sct- 
ureus), 550-920 g, served as subjects The righttng response 
was considered absent ~f, when placed on their backs, pi- 
geons faded to stand on thetr feet w~thm 5 sec The righting 
response of the sqmrrel monkeys was defined as lost if the 
monkey's  upper body was supported by the wrest plate of a 
primate restraint chair, and ~f when manually raised, the 
monkey resumed th~s posture. D~azepam doses were 
selected on the basts of the mtmmal values reqmred to 
produce the behaworal endpomt 

D~azepam (40 mg/kg--p~geons; 30 mg/kg--squ~rrel mon- 
keys) or d~azepam vehicle was administered by gavage tnto 
the proventrlculus of p~geons and was g~ven by IM mject~on 
in the squirrel monkeys Successive doses of Ro 15-1788, 
/~-CCE, or ~nosme were ~njected (IM) ~n t/2 log increments 
every 10 m~n after adm~mstrat~on of d~azepam or vehicle 
(p~geons 10 mm prior, monkeys 20 mm prior) 

1Requests for repnnts should be addressed to Dr J M Wltkm, Department of Medical Neurosc~ences. Waiter Reed Army Institute of 
Research, Washington, DC 20307-5100 
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TABLE 1 

EFFECTS OF Ro 15-1788. ,0-CCE, AND 1NOSINE ON THE RIGHTING 
RESPONSE LOSS INDUCED BY DIAZEPAM 

Doses Righting Ro 15-1788 
Compound (mg/kg) Reversal antagonism 

Ro 15-1788 ~N=4) 0 003-1 0 62 _+ 0 16 - -  
mg,'kg 

t3-CCE (N=6) 0 1-30 none 1 0 mg/kg 
/3-CCE (N=4) 0 1-I0 none 1 0 mg/kg 
(Sq Monkey) 
lnoslne (N =4) 1-300 none none 

Successive doses of each compound were administered 
intramuscularly ~n ~/z log Increments every 10 mm after adm~mstra- 
tmn of d~azepam (p~geons 40 mg/kg. PO, 10 mm prior, squirrel 
monkeys 30 mg/kg, IM. 20 mm prior) The dose producing r|ghung 
reversal (mean-'-S E M ) was determined by averaging the 
intramuscular dose reqmred to produce a return of the righting re- 
sponse across ammals An entry of "'none" m the table indicates 
that the righting response was absent continuously from e~ther 10 to 
80 mm (ptgeons) or 15-70 mm (squtrrel monkeys) after dtazepam 
admtmstratton as when d~azepam alone was g~ven (N =6) An entry 
of 1 0 mg/kg |ndlcates that th~s dose of Ro 15-1788 resulted in a 
return of the righting response of dtazepam treated ammals when 
g~ven 10 mm following the final test dose of/3-CCE The number of 
animals tested Is given m parentheses 

D~azepam (donated by Hoffmann-La Roche) was dts- 
solved to a concentration of  10 mg/ml ~n a commercially 
prepared vehicle from Hoffmann-La Roche Inos~ne (Aldrich 
Chemical Co ) was d~ssolved tn sahne up to a concentration 
of 150 mg/ml Sodmm pentobarb~tal (donated by Abbott 
Laboratories) and d-amphetamine sulfate (donated by Smtth. 
Khne and French Laboratories) were also d~ssolved ~n 
sahne Ro 15-1788 (donated by Hoffman-La Roche) and 
,8-CCE (synthesized by P Larsche~d and J M Cook) were 
prepared m sterile water and physiological sahne, respec- 
tively A fine suspension of ,8-CCE and Ro 15-1788 was 
produced w~th the use of Tween 80 (I drop/5 ml) 

RESULTS 

The loss of the righting response induced by d~azepam 
was completely reversed by Ro 15-1788 (Table 1) Com- 
parable pentobarb~tal-~nduced righting loss (30 0 mg/kg. IM) 
~n p~geons (N=4) was not reversed by Ro 15-1788 (up to 3 
mg/kg) Reversal of dmzepam-mduced suppresston of  the 
righting response by Ro 15-1788 was not the result of any 
general central nervous system stimulant acttons of Ro 15- 
1788 since d-amphetamtne (0 I-3 mg/kg. IM)d~d not reverse 
th~s effect of dlazepam ~n p~geons (N=4) In addtt~on, Ro 
15-1788 (1 mg/kg) completely prevented the righting loss 
when administered prior to d~azepam (Table 2) 

In contrast to the effects of Ro 15-1788. netther/3-CCE 
nor moslne were able to reverse the righting response loss 
produced by d~azepam (Table 1) or to prevent th~s actton of  
dmzepam by pretreatment (Table 2) In the sqmrrel monkey. 
/3-CCE produced convulsions at doses as low as 0 3 mg/kg 
Despite th~s potent pharmacological actton,/3-CCE was un- 
able, even transiently, to reverse the suppression of  the 
righting response reduced by d~azepam when gIven at doses 
up to 33 t~mes h~gher than those producing convulsions (Ta- 

TABLE 2 

EFFECTS OF PRETREATMENT WITH Ro 15-1788,/3-CCE, 
OR INOSINE ON DIAZEPAM-INDUCED RIGHTING LOSS IN PIGEONS 

Righting 
Compound Dose Loss 

Ro 15-1788 (N=4) 1 none 
/3-CCE (N =6) I- 10 10--80÷ rain 
Inosme (N=4) 100 10-80+ mm 

Compounds were admlmstered 10 mm prior to dtazepam (40 
mg/kg, PO) The righting response was evaluated every I0 mln 
R|ghtlng loss lasting from 10-80+ mm after d~azepam (40 mg/kg, PO) 
admlmstratlon was no different from dmzepam when g~ven alone 
IN =6) The number of animals m each experiment ~s shown m pa- 
rentheses 

ble I) However,  dlazepam completely prevented /3- 
CCE-tnduced convulstons Adm~mstrat~on of Ro 15-1788 to 
these ammals after the /3-CCE experiment resulted ~n an 
~mmed~ate and endunng antagomsm (Table 1) 

DISCUSSION 

Of the compounds prevmusly reported to act as ben- 
zodmzepme antagomsts, only the ~m~dazo-benzodmzepme, 
Ro 15-1788, was active against the hypnotic effects of 
d~azepam lnoslne and /~-CCE were ineffective against 
dmzepam-mduced righting loss but were administered at 
dose levels that had demonstrable pharmacological action 
Studies on schedule-controlled behavmr of p~geons and 
sqmrrel monkeys have demonstrated that intramuscular m- 
osme and/J-CCE produced marked behaworal actions that 
are sensfl~ve to Ro 15-1788 [I.17J and that reverse behavmral 
effects of benzodmzepmes [3] Thus, the pharmacological 
act~v~tles and pharmacokmet~cs of mosme or /3-CCE were 
apparently not inadequate to ensure antagonism [14], antag- 
omsm was absent despite the potent benzod|azepme 
receptor-mediated actions of these drugs 

lnosme, a purmergtc compound ts a potentml endogenous 
regulator of the benzod~azep~ne receptor (cf [15]) In the 
present study, mosme dtd not act as a benzodtazepme 
antagomst as previously reported [6.9. 10] and. m fact, may 
have produced actmns which were not sensmve to Ro 15- 
1788 (Table I) The pharmacology of mos~nc ~s complex and 
further experimentation ~s reqmred to elucidate fls possible 
involvement m benzodmzepme acuon 

The contrasting actions of  Ro 15-1788 and ,B-CCE are 
striking and emgmattc ,8-CCE, hke Ro 15-1788, has been 
shown to act as a benzod~azepme antagomst m most prep- 
aratmns that have been mvesttgated ~ncludmg neurophys- 
mlogtcal and behavmral systems [3, 16. 181 Moreover. ef- 
fects of/3-CCE can be reversed by Ro 15-1788 {I.131 Two 
poss~bd~t~es currently appear feasible as explanations for the 
dtfferences ~n the activities of  Ro 15-1788 and /3-CCE re- 
ported here The first possibility ~s based on the probable 
existence of  multiple benzodmzepme receptor subtypes 
While Ro 15-1788 b~nds umformly to so-called BZ~ and BZ_, 
receptors. /3-CCE binds preferenttally to the BZ~ receptor 
Icf [8,19[) The BZ~ receptor has been suggested to underly 
the anx~olyt~c apart from the sedat~ve-hypnottc actions of the 
benzodtazep~nes 15.8] The d~fference ~n affimty for the ben- 
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zod~azep~ne r ecep to r  sub types  or  r e c o g n m o n  s~tes may be 
re la ted to the  d~fferenttal ac t iv i t ies  o f  Ro 15-1788 and  f l -CCE 
o b s e r v e d  here  

An a l te rna t ive  exp lana t ion  res ts  on  the  d i f fe rences  m the  
pharmaco log tca l  acttv~ties o f  Ro 15-1788 a n d / 3 - C C E .  Gtven  
m doses  m a n y  t~mes h igher  than  r eqmred  for  benzod tazep ine  
a n t a g o m s m ,  Ro 15-1788 ~s essent ia l ly  devotd  o f  intr insic  ac- 
t ivity [4] a l though  recen t  r epo r t s  have  de t ec t ed  some weak  
benzodtazep~ne-hke  effects  [7] In con t ras t ,  f l -CCE has  been  
desc r ibed  as an  reverse  agomst  [3,13]. f l -CCE and  re la ted 
/3-carbohnes  p roduce  an ar ray  of  ac t ions  which  are oppos i te  
those  of  the  benzod~azepmes  [3, I1. 13. 16] (e.g.,  pro- 
c o n v u l s a n t  effects ,  anx~ogemc symptoms)  If, as p roposed .  

B-CCE p roduces  ~ts b e n z o d t a z e l ~ n e  an tagon i s t  e f fec ts  by 
p roduc ing  oppos ing  ac t tons ,  then  the  l~rescnt resu l t s  suf, gc s t  
t ha t  ~ - C C E  lacks pha rmaco log ica l  act ivi ty  oppos i t e  tha t  o f  
the  suppres s ton  of  r ight ing stud~ed here  
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