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Antagonism of the Effects of the 
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on Intracranial Self-Stimulation 
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HERBERG* AND SANDRA E. FILE 

Ro 5-4864 15 a 1,4-benzodlazepme that, although havmg neg- 
hglble affmlty for ‘classical’ CNS benzodlazepme receptors, 
bmds with high affmlty to ‘peripheral-type’ benzodlazepme 
bmdmg sites that are present m the periphery [4] and m the 
CNS 1271 Although Ro 5-4864 has no benzodlazepme-hke 
actlvlty m ammal tests [31] and thus has long been consld- 
ered mactlve [24], recent mvestlgatlons mto Its behavloural 
effects have shown that It has convulsant [9, 22, 25, 301, 
anxlogemc [S. I I, 12, 191 and sedative [lo] propertles 
Further behavloural. electrophyslologlcal and blochemlcal 
mvestlgatlons have questioned the conclusion, made on the 
basis of bmdmg studies, that Ro 5-4864 does not Interact with 
the GABAlbenzodlazepmellonophore complex m the CNS, 
and suggest a possible action at the plcrotoxmm site that IS 
linked with the chlonde lonophore on this complex (see 
[ 19,201 for revtews) 

Respondmg for lateral hypothalamic self-stlmulatlon on a 
vanable Interval schedule of remforcement has been shown 
to be a sensltlve procedure for ldentlfymg and dlstmgmshmg 
the behavloural effects of benzodlazepmes, GABA agonists 
and antagonists, non-GABAerglc antlconvulsants [ 131 and 
benzodlazepme ‘antagomsts such as Ro 15-1788, CGS 8216 
and FG 7142 [23,24] Our aim was to charactenze further the 
behavloural effects of Ro 5-4864 usmg this procedure, and to 
examme Its profile m combmatlon with several other com- 
pounds with which It has previously been shown to interact 
These were PK I 119.5, an tsoqutnolme carboxamtde dertva- 
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(chlordlazepam) were exammed on respondmg for self-stunulation of the mid-lateral hypothalamus Rewardmg stimuli 
were delivered accordmg to a IO-set varlable Interval schedule of remforcement Ro S-4864 (l&30 mg/kg, subconsulslve 
dotes m these rats) decreased responding Thts effect was antagomzed by chlordtazepoxtde (5-10 mg/kg) and phenobar- 
bltone (35 mg/kg) but not by the benzodlazepme receptor antagomst Ro 15-1788 (l&20 mg/kg), the hgand for penpheral 
benzodlazepme receptors PK I1 195 (60 mg/kg) or phenytom (60 mgikg) The pattern of mteractlons of Ro 5-4864 with these 
compounds differs from the pattern obtatned with other procedures, and suggests that Ro 5-4864 has effects on systems 
unrelated to anxiety, convulsive activity or sedatton 

Intracramal self-stlmulatlon Ro S-4864 Benzodlazepme antagonism 

tlve that, hke Ro 5-4864, selectively bmds to penpheral-type 
benzodlazepme bmdmg sites [ 15,161 and 1s thought to be an 
antagonist there [ 171, chlordlazepoxlde, a conventional I ,4 
benzodlazepme with moderate potency for classlcal CNS 
benzodlazepme receptors but with neghglble affimty for 
penpheral-type sites [27], Ro 15-1788, an lmldazodlazepme 
that antagonizes several of the effects of benzodlazepmes 
and p-carbolmes [ 14,211 and that IS beheved to interact only 
with classlcal CNS benzodlazepme receptors [26], 
phenobarbltone, a barbiturate that displaces [‘HI-a- 
dlhydroplcrotoxmm and [ %S]-t-butyl blcyclophos- 
phorothlonate from the plcrotoxm site, and phenytom, 
which Interacts with benzodlazepmes at low affinity bmdmg 
sites m the brain [2, 3,7, 18, 281 Doses of chlordlazepoxlde, 
Ro 15-1788, phenobarbltone and phenytom were chosen on 
the basis of previous studies ([13,23], Pellow and File, un- 
pubhshed), dose-response data were determmed for Ro 
5-4864 and PK I I I95 

METHOD 

AnlnlUlJ 

Male hooded PVG rats (Bantm and Kmgman Ltd ) 
weighing 230-250 g at time of surgery were mdlvldually 
housed with free access to food and water 

Under halothane anesthesia, twisted bipolar stainless 
steel electrodes (0 25 mm diameter, Plastic Products Inc , 

‘Correspondence at the followmg address Department de Pharmacologle. Faculte de Medecme, Pltl&SalpCtniire, Umverslte Pan\ VI. 91 
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T A B L E  1 

MEAN (+S E M ) SELF-STIMULATION RATE (% BASELINE)  IN EACH 15-MIN PERIOD OF 
A 60-MIN TEST SESSION, IN RATS TESTED IMMEDIATELY AFTER IP INJECTION WITH 

Ro 5-4864 (10 AND 30 mg/kg) OR PK 11195 (10~0  mg/kg) 

Drug 1st 15-mm 2nd 15-mm 3rd 15-mm 4th 15-mm 

control 982 _+ 1 03 998 _+ 1 67 975 _+ 3 61 101 3 _+ 4 17 
R o l 0  952_+251 9 2 6 _  + 377 952_+ 455 995_+ 503 
Ro30 728_+ 6 16" 68 1 -+ 656" 589_+ 104" 634_+ 108" 

PK 10 952_+ 443 997_+ 459 101 5_+ 697 962_+ 10 10 
PK 30 928 + 3 75 91 8 -+ 13 4 984 + 3 43 1006-+ 808 
PK60 874-+ 723 894_+ 750 869_+ 800 955 _+ 12 20 

*p<0 05 

Roanoke ,  VA) were s tereotaxlcal ly  implanted in the mid- 
lateral hypothalamus 1 0 mm poster ior  to Bregma,  1 3 mm to 
the left of  the m,dllne and 8 0 mm below the skull surface 
Elec t rode  p lacements  were  verif ied on enlarged photo-  
graphic projects  of  unstained 50-/am frozen sections at the 
end of  the invest igat ion 

Drug~ 

Ro 5-4864 (Hof fman-La  Roche) ,  PK 11195 (Pharmuka),  
pheny tom (Sigma), sodium phenobarbl tone  (BDH Chemi-  
cals) and Ro 15-1788 (Hoffman-La  Roche)  were  suspended m 
distilled water  with a drop of  Tween  20 and dispersed by 
ul t rasound,  ch lord lazepoxlde  hydroch londe  (Roche Prod- 
ucts) was dissolved in distilled water  Control  injections 
consis ted of  dlstdled water ,  with or  without  a drop of  Tween  
20, as appropr ia te  Drugs were  injected ,n t rapentoneal ly  ,n 
concent ra t ions  to give an rejection volume of  2 ml/kg 

SelJ-Sttmulatton 

Rats were  al lowed to r e cove r  from surgery for a week,  
and then trained to operate  a pedal for a 0 5-sec 50-Ha 
smewave  remforcmg impulse available on a variable interval  
schedule o f  10-sec mean durat ion (see [13, 23, 24] The  
stimulating current  for each rat was fixed at the lowest  in- 
tensity that elicited uninterrupted responding in prel iminary 
trials in which intensities were dec remen ted  m decdog steps, 
be tween  50 and 10/xA r m s Response  rates in different rats 
ranged be tween  15 and 25 lever -presses /mm 

During test  sessions,  animals were  al lowed to self- 
st imulate for 45 mm, of  which the last 30 mln provided a 
pre-mject lon  basehne The rat was then rejected,  and 
al lowed to respond for a further  75 mln If  the rat s topped 
responding it was encouraged to restart  by taps on the Fever, 
if this failed, by admlmstra t lon of  priming shocks,  and, fi- 
nally, by the exper imente r  placing the rat bodily on the lever  
Response  rates were  recorded automat ical ly  at 5-mm inter- 
vals as a dlg,tal printout  Drug effects were  determined from 
the rate recorded during each 15-mln period following mjec- 
Uon, expressed  as a percentage of  pre-mject ion basehne,  and 
compared  with the corresponding rate after  control  injec- 
tions 

P / o (  edu t  e 

Expertment I Dose response  data  were  obtained for Ro 
5-4864 and PK 11195 on self-st imulation responding Drug 
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FIG 1 Mean (+S E M ) self-stlmulatzon rate (variable interval l0 
sec) m the second 15-ram period after injection for rats given pheny- 
tom (60 rng/kg) or chlord,azepoxide (5 or 10 mg/kg) alone or m corn- 
bmatlon with Ro 5-4864 (30 mg/kg) 

groups were  vehicle,  Ro 5-4864 10 and 30 mg/kg, PK I 1195 
10, 30 and 60 mg/kg (n=7 per group) 

L~pertment 2 The effects of  an act ive dose of Ro 5-4864 
(30 mg/kg) were  invest igated in combinat ion  wlth phenytom 
(60 mg/kg), phenobarb , tone  (35 mg/kg), Ro 15-1788 (10 and 
20 mg/kg), chlordlazepoMde (5 and 10 mg/kg), PK 11195 (60 
mg/kg) (n=6  per  group) 

Each rat was tested at 48-hr intervals,  and m each exper-  
,ment  the drug t reatments  were  adminis tered m a predeter-  
mined random order  that was different for each rat 

Statl~tt~ s 

Data from Exper iment  1 were analysed by Fr iedman 
2-way analysis of  variance,  and compar isons  be tween indi- 
vidual groups were made with Wdcoxon  matched-paws 
signed-ranks tests Data from Exper iment  2 were analysed 
by Wdcoxon  matched-pairs  signed-ranks tests 

RESULTS 

E~permwnt I 

Ro 5-4864 (10-30 mg/kg) caused a slgmficant dose-related 
reduct ion m responding for self-stimulation m the first, 
X-'=6 0, p < 0  05, second,  X -'= 12 2 9 , p < 0  005, third, X-'=8 86, 
p < 0  05, and fourth, X -'= 10 57, p < 0  005, 15-mm time periods 
after injection (see Table 1) Wdcoxon  tests showed that at 
30 mg/kg slgmficant reductions m self-sumulatlon respond- 
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TABLE 2 

SUMMARY T A B L E  OF THE ABILITY OF SEVERAL COMPOUNDS TO ANTAGONISE  THE 
EFFECTS OF Ro 5-4864 IN A N I M A L  TESTS OF ANXIETY, C O N V U L S I V E  ACTIVITY, 

EXPLORATION AND SEDATION,  AND IN THE PRESENT SELF-STIMULATION PROCEDURE 

Drug Anxiety Convulsions Exploration Motor ICSS 

Benzodmzepmes ~ [111 ~ [7,29] ~ ') 
Barbiturates ~ * ~ [291 ~ ') 
Ro 15-1788 - [Ill ~ [71 - [10l - [101 - 
PK 11195 - [8,12] $ [6,8] $ [10] - [10] 
Phenytom ~ [8] ~ [8] - [10] [10] - 

*Pellow and Fde, unpubhshed data 
compound antagomses Ro 5-4864, - compound does not affect Ro 5-4864, '~ not yet 

reported References to studies are in brackets (see text) 

mg were observed at all time-points PK 11195 had no s)gmf- 
)cant effect at any t~me period, X-'=2 49, 2 48, 0 09, 0 43, 
respectwely), see Table 1 

I~ ~ p e r t m e n t  2 

Phenytom (60 mg/kg) s)gmficantly decreased self- 
st~mulat)on m the second 15-mm period after mjecUon 
(p<0 05) but d)d not antagonize the reduction produced by 
Ro 5-4864 (30 mg/kg) (see F~g 1) CDP increased self- 
st)mulat)on at 5 mg/kg (p<0 05) and decreased )t at 10 mg/kg 
(p<0 05), and at both doses s~gmficantly reversed the reduc- 
t)on produced by Ro 5-4864 (30 mg/kg, p < 0  05, see F~g 1) 
Interestingly, however, Ro 5-4864 d~d not antagomze the m- 
crease m self-stimulation produced by CDP (5 mg/kg) PK 
11195 (60 mg/kg) had no s)gmficant effect on self-st)mulaUon 
alone, and d~d not antagomze the effects of Ro 5-4864 (see 
F)g 2) Ro 15-1788 (10-20 mg/kg) d)d not antagomze the 
effects of  Ro 5-4864, although at 20 mg/kg th)s compound 
when g)ven alone s)gmficantly increased self-sUmulaUon (see 
F)g 2) Phenobarb)tone (35 mg/kg) s)gmficantly increased 
self-st~mulat)on (p<0 05), and also antagomzed the reduced 
self-sUmulaUon produced by Ro 5-4864 (30 mg/kg, p < 0  05, 
see F~g 2) 

DISCUSSION 

Ro 5-4864 at 30 mg/kg produced a decrease m responding 
for lateral hypothalam)c self-st~mulauon, s,mflar to that re- 
ported for the benzodmzepme receptor 'reverse agomsts'  
CGS 8216 and FG 7142 [23.24] Since Ro 5-4864 is a com- 
pound w)th known convulsant acuons, ,t ~s necessary to 
cons)der the extent to wh)ch these act)ons could account for 
)ts effects on self-stimulation The dose of Ro 5-4864 that has 
been found to effect,rely cause convulsions has vaned con- 
slderably, both between (c f [1,6, 25, 29]) and within (cf [6, 
7, 22]) laboratories In our expenence,  d)fferences have been 
observed between species (cf. [6,7]) and stratus (cf [6,9]), 
and also between different batches of  the supphed com- 
pound In each new batch of experiments, then. we have 
found ,t necessary to estabhsh the effective convulsant dose 
of Ro 5-4864 before carrying out the intended behavloural 
work During the course of the present study we observed, m 
th,s strain of rats, that convulsions did not occur at doses 
below 90 mg/kg At 90 mg/kg 100% rats convulsed, at 60 
mg/kg we only observed myoclomc spasms m one rat who 
had been treated and tested for self-st~mulaUon responding 
In no cases were convulsant-hke activities observed at 30 
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FIG 2 Mean (=S E M ) self-sumulatJon rate (variable interval, 10 
sec) m the second 15-mm period after rejection for rats given PK 
11195 (60 mg/kg) and Ro 15-1788 (10 or 20 mg/kg) alone or m combl- 
naUon with Ro 5-4864 (30 mg/kg) 

mg/kg It is therefore unlikely that the convulsant properties 
of Ro 5-4864 were contributing to ~ts effects on self- 
st~mulauon The pattern of  mteracUons of Ro 5-4864 w~th 
other drugs (see below and Table 2) supports this view 

PK 11195 alone (10-60 mg/kg) had no stgmficant effect on 
self-st~mulaUon, htgher doses were not investigated since at 
the 60 mg/kg dose some ammals showed unusual body 
postures that could have interfered w~th their ablhty to 
lever-press The reducUon m self-stimulation produced by 
Ro 5-4864 (30 mg/kg) was not antagomzed by PK 11195 (60 
mg/kg), this is consmtent with the inability of PK 11195 to 
antagomze the effects of Ro 5-4864 m the socml Interaction 
and pumshed drmkmg procedures [12]. although PK 11195 
does antagomze the proconvulsant and convulsant effects 
[1,9] and the reductions m exploratory head-dipping 
produced by Ro 5-4864 [10] 

As found previously [13, 23, 24], chlordlazepoxlde (5 but 
not 10 mg/kg) Increased self-stimulation Chlordmzepoxlde 
at both doses sJgmficantly reversed the reducuon m response 
rates produced by Ro 5-4864, however, interestingly, Ro 
5-4864 was unable to antagomze the increase m self- 
stimulation produced by chlordmzepoxlde (5 mg/kg) Chlor- 
dmzepox~de is able to antagomze the anxlogemc effects of 
Ro 5-4864 [11], and other benzodmzepmes have been found 
to antagomze the convulsant effects of th~s compound [7,29] 
Th~s )s s~mdar to the effects obtained by Herberg and 
Wllhams [13] w)th plcrotoxm and chlordmzepoxlde, how- 
ever, unhke plcrotoxm. Ro 5-4864 did not produce a further 
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e n h a n c e m e n t  of  r e s p o n d i n g  w h e n  c o m b i n e d  with chlor-  
d l azepox lde  (10 mg/kg) 

Ro 15-1788 (20 mg/kg) e n h a n c e d  se l f -s t imula t ion ,  as pre- 
v ious ly  found  by  Pe | l ow et a! [23] This  c o m p o u n d  did not  
an t agon ize  the  r educ t ion  in se l f - s t imula t ion  p r o d u c e d  by  Ro 
5-4864, again  c o n s i s t e n t  wi th  f indings  in the  social  in terac-  
t ion  tes t  of  anx ie ty  and  the  h o l e b o a r d  [10,11] H o w e v e r ,  Ro 
15-1788 (20 mg/kg) IS able  to a n t a g o n i z e  the  convu l s i ons  
p r o d u c e d  by  Ro 5-4864 in at  leas t  some  c i r c u m s t a n c e s  [7] 
P h e n o b a r b l t o n e  (35 mg/kg),  like the  ba r b i t u r a t e  p h e n o b a r -  
b l tone  [13], i nc reased  se l f -s t imula t ion  and  an t agon ized  the  
effects  of  Ro 5-4864 Again ,  s imilar  resu l t s  have  b e e n  ob-  
t a ined  m the  social  in t e rac t ion  tes t  (Pel low and  File,  unpub-  
hshed) ,  whe re  a dose  of  p h e n o b a r b l t o n e  tha t  also inc reased  
social  m t e r a c t i o n  was  able  to r eve r s e  the  d e c r e a s e  p r o d u c e d  
by  Ro 5-4864 H o w e v e r ,  it is no t  poss ib le  to be sure  w h e t h e r  
the  a n t a g o n i s m  b e t w e e n  these  two c o m p o u n d s  in bo th  of  
these  t es t s  is specif ic  or  w h e t h e r  it s imply  ref lects  a cancel-  
la t ion  o f  two  oppos i te  in t r ins ic  ac t ions  B a r b i t u r a t e s  a lso 
p reven t  the convuls ions  usually obse rved  with Ro 5-4864 [29] 

C o n s i s t e n t  wi th  the  r epor t  of  H e r b e r g  and  Wil l iams [ 13], 
p h e n y t o l n  d e c r e a s e d  se l f -s t imula t ion  The  Inabil i ty of  pheny-  
to in  (60 mg/kg) to an t agon ize  the  d e c r e a s e  in se l f - s t imula t ion  
p roduced  by  Ro 5-4864 c o n t r a s t s  wi th  its abi l i ty to antago-  
nize the  anx logen lc  and  c o n v u l s a n t  ac t ions  of  this  c o m p o u n d  
[8,9] bu t  IS s imilar  to its inabi l i ty  to an t agon ize  the  r e d u c h o n s  

in exp lo ra to ry  head-d~pplng and  l ocomoto r  act ivi ty  in the 
ho l eboa rd  p roduced  by  Ro 5-4864 [10] It ~s unl ikely tha t  the  
d e p r e s s a n t  effect  tha t  p h e n y t o i n  p roduces  when  given a lone  
would  in ter fere  wi th  its abil i ty to an tagon ize  the  r educ t ion  
p r o d u c e d  by Ro 5-4864, s ince  ch io rdmzepox lde  at a dose  tha t  
d e c r e a s e d  r e sponse  ra tes  (10 mg/kg) was stdl able  to antago-  
nize the  r educ t ion  p roduced  by  Ro 5-4864 

In conc lus ion ,  the pa t t e rn  of  in te rac t ion  of  Ro 5-4864 with 
o the r  c o m p o u n d s  m the  var iab le - in te rva l  se l f -s t imula t ion 
p r o c e d u r e  shows  a b road  s imilar i ty  to the pa t t e rns  seen  in 
var ious  o the r  p rocedure s ,  bu t  there  are also some no tab le  
d i f fe rences  (see Table  2) It ~s thus  unce r t a in  w h e t h e r  the  
effects  of  Ro 5-4864 in this  p rocedu re  are to be a t t r ibu ted  to 
its effects  on  anx ie ty ,  c o n v u l s a n t  ac t iv i ty  or seda t ion ,  or  to 
~ts effects  on o ther ,  unre la ted  sy s t ems  The  same ques t ion  
appl ies  to severa l  re la ted agents  tha t  have  also been  found  to 
dep res s  se l f -s t imula t ion ,  such  as the  b e n z o d m z e p m e  recep-  
to r  ' i nve r se  agon ls t s '  F G  7142 and  CGS 8216, and  the recep-  
to r  an tagon i s t  Ro 15-1788 [23.24] E x p e r i m e n t s  are cur ren t ly  
u n d e r w a y  to inves t iga te  th~s ques t ion  
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