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SHANNON, H. E. AND W. A. THOMPSON Pyrazoloquinoline benzodiazepine receptor ligands: Effects on schedule- 
controlled behavior in dogs. PHARMACOL BIOCHEM BEHAV 23(2) 317-323, 1985.--The effects of diazepam and the 
pyrazoloquinoline benzodiazepine receptor ligands CGS8216, CGS9896 and CGS9895 on schedule-controlled responding 
were studied in dogs. Responding was maintained under a multiple fixed-interval (FI) 5-min fixed-ratio (FR) 30 response 
schedule of food presentation. Diazepam (PO) produced dose-related decreases in response rates under FR component. 
Under the FI, rates first increased and then decreased with increasing doses of diazepam. Diazepam also produced a 
dose-related disruption of the temporal pattern of responding under the FI as measured by decreases in quarter-life values. 
CGS8216 IV produced dose-related decreases in response rates under both components. The highest oral dose of CGS8216 
also decreased rates in both components. CGS8216 was approximately 100 times more potent by the IV route as compared 
to the oral route. CGS9896 IV had no significant effect on responding under either component of the multiple schedule. 
However, with increasing doses of CGS9896 PO, response rates under both components first decreased and then returned 
to control values. CGS9895 PO was without significant effect on responding. When CGS8216 was administered concomit- 
antly with graded doses of diazepam, the former drug blocked the rate-decreasing effects of diazepam under the FR 
component, but not the rate-increasing effects of diazepam under the F1. The present results demonstrate that although 
these three pyrazoloquinolines are benzodiazepine receptor ligands, they do not exhibit diazepam-like effects on 
schedule-controlled behavior. 

Pyrazoloquinolines Diazepam Schedule-controlled behavior 

THE pyrazoloquinolines CGS8216, CGS9896 and CGS9895 
are potent benzodiazepine receptor ligands [8, 13, 28] but 
with profiles of action which differ from typical ben- 
zodiazepines such as diazepam. CGS8216 appears to be a 
benzodiazepine antagonist with intrinsic activity, and under 
some conditions may be an inverse agonist of the ben- 
zodiazepine type. CGS8216 antagonized many of the effects 
of diazepam but also disrupted punished responding in rats 
[2]. In addition, CGS8216 antagonized the anticonvulsant ef- 
fects of diazepam against pentylenetetrazole [2], and also 
potentiated the convulsant effects of pentylenetetrazole and 
picrotoxin [10]. The benzodiazepine antagonist Ro 15-1788 
blocked the proconvulsant effects of CGS8216 against pen- 
tylenetetrazole but not picrotoxin [10]. CGS9896 appears to 
be an agonist which exhibits only a portion of the phar- 
macologic profile of diazepam-like benzodiazepines. 
CGS9896 increased rates of punished responding in rats with 
the same maximal effect as diazepam but failed to produce 
rotarod ataxia [28]. CGS9895 may be a partial agonist of the 
benzodiazepine type since it increased rates of punished re- 
sponding in rats but with a smaller maximal effect than 
diazepam [28], and also antagonized the discriminative ef- 
fects of diazepam [24]. Further data are needed to evaluate 
the behavioral effects of these benzodiazepine receptor 
ligands. 

Diazepam and chlordiazepoxide have been reported pre- 
viously to increase low rates of responding under FI 

schedules and to decrease the high rates of responding 
under FR schedules of food presentation [6, 7, 27]. The 
purpose of the present study was to assess the effects of 
CGS8216, CGS9895 and CGS9896 in comparison with 
diazepam on rates and temporal patterns of responding main- 
tained under a multiple fixed-interval (FI) 5-min, fixed-ratio 
(FR) 30 response schedule of food presentation in dogs. In 
addition, the dose-effect curve for diazepam was determined 
alone and in the presence of CGS8216 in order to evaluate 
the antagonist properties of the latter drug. 

METHOD 

Subjects 

Three mature female (D3787, D3871, D3932) and two ma- 
ture male (D3769, D4216) beagle dogs, obtained from com- 
mercial suppliers (Ridglan Farms, Mt. Horeb, WI or Lab 
Research Inc., Kalamazoo, MI) and weighing 8.6 to 12.5 kg, 
were used. Three dogs (D3769, D3787, D4216) had histories 
of IV drug self-administration under fixed-interval or 
second-order schedules, while the remaining two (D3871, 
D3932) were experimentally naive. The dogs were main- 
tained at approximately 85 percent of their free feeding 
weights by food presented during the session and postses- 
sion supplemental feeding. 

Dogs were individually housed in wire pens between ex- 
perimental sessions and fed Purina Dog Chow and water. 
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Regularly scheduled physical examinations and clinical tests 
(urinalysis, fecal examination, complete blood count, blood 
chemistry analysis) were conducted throughout the experi- 
ment to monitor the health status of each dog. 

Apparatus 

The experiment chamber was a stainless steel canine cage 
enclosed in a sound and light attenuating environmental 
cubicle. The chamber was equipped with a ventilating fan 
which provided masking noise. A response lever (Model 
I AF4, Micro Switch, A division of Honeywell,  Freeport ,  1L) 
was mounted on a panel (30x26 cm) inside the front door of 
the cage at a height of 20 cm from the cage floor to the bottom 
of  the lever. Each press of  the lever with a minimal horizon- 
tal force of 200 g (1.96 N) produced an audible click of the 
microswitch and was recorded as a response. The panel was 
equipped with three sets of stimulus lights (white, green, and 
red) above the response lever and a set of orange stimulus 
lights to the left of the lever and adjacent to the bowl into 
which food pellets were delivered. Each response illumi- 
nated the while stimulus light above the lever for 15 msec to 
provide response feedback. In addition, a white, 25 watt 
houselight was mounted above the cage near the front and 
provided general illumination. A pellet dispenser (model A, 
Ralph Gerbrands Co, Arlington, MA) mounted on the left 
side of the cubicle delivered 1.0 g food pellets ( F o r m u l a "  H'" 
Precision Food Pellets, P. J. Noyes Co., Lancaster,  NH). A 
PDP8/E based SCAT 3002 system (BKP Scientific, Berlin, 
MA) was used to control schedule contingencies and record 
data. 

Procedure 

Dogs performed under a multiple fixed-interval 5-min 
fixed-ratio 30 response schedule of  food presentation [9]. 
Each session began with a 5 min timeout, during which the 
chamber was dark and responses had no scheduled conse- 
quences, followed by a FI  5 rain component signalled by the 
overhead houselight and the green stimulus light on the 
upper left portion of  the panel. In the FI  component,  the first 
response after 5 min had elapsed resulted in the delivery of 5 
food pellets accompanied by the orange light. The FR30 
component was signalled by the houselight and the red light 
on the upper right portion of  the panel. In the FR compo- 
nent, the 30th response resulted in the delivery of 5 food 
pellets accompanied by the orange light. A 60-sec limited 
hold was imposed in both components.  Thus, after 5 min had 
elapsed in the FI5 min component ,  the dog had 60 sec to emit 
a response before the food was forfeited. In the FR30 com- 
ponent the dog had 60 sec to emit 30 responses or the food 
was forfeited. Schedule components alternated after each 
food presentation or 60 sec limited hold. A 30-sec timeout 
period separated components.  Each session ended after the 
tenth FR component.  

Sessions were conducted Monday through Friday with 
Tuesday and Friday being drug dose days and Thursday 
serving as a control day. Drugs were always administered 30 
rain prior to the session. Doses were tested in a different 
sequence in each dog. On control days subjects received 
lactose-f'dled capsules or  the vehicle or both 30 min before 
the session. 

Drugs 

CGS8216, CGS9895, and CGS9896 were gifts from 
CIBA-Geigy (Summit, NJ) and administered orally in gelatin 

capsules or intravenously in a 60 percent propyleneglycol,  20 
percent ethanol, 20 percent distilled water (v/v/v) vehicle. 
Diazepam, a generous gift from Hoffmann-LaRoche Inc. 
(Nutley, NJ), was administered orally in gelatin capsules. 
Drugs were always administered 30 rain prior to the session. 

Data Analysis 

Overall rates of  responding for the F1 5 min and FR 30 
components were computed each session by dividing the 
total number of responses in the presence of  the appropriate 
stimulus light by the total time the light was illuminated. 
Drug data are expressed as a percent of the mean response 
rate for each dog during control sessions for each drug series. 
Average rates of responding during the tirneouts were calcu- 
lated by dividing the total number of responses during the 
timeouts by the total timeout time during the entire session. 
The temporal pattern of responding for the FI 5 rain compo- 
nent was analyzed by dividing each interval into 10 succes- 
sive 30-sec segments. The total number of responses in each 
segment were accumulated over the entire session. From 
these measures the percentage of  the interval required to 
complete the first quarter of  the responses was computed by 
linear interpolation. Thie value, which yields an index of the 
temporal pattern of  responding relatively independent of re- 
sponse rate, is termed quarter-life [14,16]. A rate- 
dependency analysis was completed with drug rates plotted 
as a function of control rates [5]. Regression lines were cal- 
culated for each dose by the method of least squares. 

Differences between dose-effect curves were determined 
using standard bioassay analysis of variance techniques. Ex- 
cept as noted in Results, all assays satisfied the requirements 
of a significant mean square for regression with nonsignific- 
ant mean squares for nonparallelism, preparations differ- 
ences and deviations from linearity. Comparison of treat- 
ment and control means were made using one-way analysis 
of variance and a Dunnett 's  test. 

RESULTS 

Control Performance 

Rates and temporal patterns of responding during control 
sessions were similar to the performance engendered under 
multiple FI  FR schedules in a variety of species [4, 9, 15,261. 
Performance under the FI component was characterized by 
low rates of responding early in the interval followed by a 
gradual increase to high rates as the interval progressed. 
Under  the FR component,  performance was characterized 
by an initial pause followed by responding at a high, steady 
rate until food presentation. Control rates of resp6nding 
under the FI  component varied in individual dogs from 0.12 
to 0.85 responses/sec and quarter-life values varied from 51 
to 74 percent. Under  the FR component,  control rates varied 
from 1.2 to 3.2 responses/sec in individual dogs. Responding 
during timeout periods always averaged less than 0.05 re- 
sponses/sec. 

Acute Drug E))'ects 

Diazepam (PO) produced dose-related decreases in re- 
sponse rates under the FR component of the multiple 
schedule (Fig. 1). In contrast,  rates under the F1 component 
generally were increased. Also, there was a dose-related de- 
crease in the FI  quarter-life value, indicating that a greater 
proportion of the total responses were occurring early in the 
FI as the dose of diazepam increased. 
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FIG. 1. Effects of diazepam PO on average rates of responding 
under an FR 30 schedule component (top), FI 5-min component 
(middle), and on quarter-life values during the FI 5-min component 
(bottom) in dogs. Abscissa: dose of drug (mg/kg), log scale. Ordi- 
nates: mean rates of responding expressed as a percentage of control 
values (top and middle) and quarter-life values expressed as a per- 
centage of the interval (bottom). Points above C represent mean 
control (placebo capsule) values, 100 percent, based on 2 or 3 deter- 
minations in each dog. Other points are the mean on one determina- 
tion in each of 4 dogs. The vertical lines represent _+ 1 SEM and are 
absent when this value is less than the size of the point. 
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FIG. 2. Effects of CGS8216 PO and IV on average rates of respond- 
ing under an FR 30 schedule component (top), FI 5-min component 
(middle), and on quarter-life values during the FI 5-min component 
(bottom) in dogs. Abscissa: dose of drug (mg/kg), log scale. Ordi- 
nates:mean rates of responding expressed as a percentage of control 
values (top and middle) and quarter-life values expressed as a per- 
centage of the interval (bottom). Points above C represent mean 
control (placebo capsule or drug vehicle) values, 100 percent, based 
on 2 or 3 determinations in each dog. Other points are the mean of 
one determination in each of 4 dogs. The vertical lines represent _+ 1 
SEM and are absent when this value is less than the size of the point. 

CGS8216,  admin i s t e r ed  PO,  had  little effect  on  r e spond-  
ing u n d e r  e i the r  schedule  c o m p o n e n t  o v e r  the  dose - range  of  
1.0 to 10 mg/kg (Fig. 2). H o w e v e r ,  30 mg/kg PO signif icant ly  
( D u n n e t r  s test ,  p <0 .05)  d e c r e a s e d  ra tes  of  r e s p o n d i n g  u n d e r  
bo th  the  F R  and  FI  c o m p o n e n t s ;  the  quar ter - l i fe  va lue  was  
also d e c r e a s e d  s o m e w h a t .  On  the  o the r  hand ,  i n t r avenous  
admin i s t r a t i on  of  CGS8216  p roduced  a s ignif icant  dose-  
re la ted  d e c r e a s e  in r e sponse  ra tes  u n d e r  b o t h  the  FR and  FI  
c o m p o n e n t s ;  the  quar ter - l i fe  va lue  also d e c r e a s e d  in a dose-  
re la ted  m a n n e r ,  but  these  effects  were  not  s ta t i s t ica l ly  signif- 
icant .  

Wi th  increas ing  doses  of  CGS9896  (PO), r e s p o n s e  ra tes  
first  d e c r e a s e d  and  then  r e t u r n e d  to con t ro l  va lues  u n d e r  
b o t h  the  F R  and  FI  s chedu le  c o m p o n e n t s  (Fig. 3). U n d e r  the  
FR c o m p o n e n t ,  doses  o f  0.1 to 1,0 mg/kg PO p roduced  
dose - re l a t ed  d e c r e a s e s  in ra tes  to app rox ima te ly  50 pe r cen t  
of  con t ro l .  The  1.0 mg/kg dose  d e c r e a s e d  ra tes  in all 4 dogs,  
and  this  dec rea se  was  s ta t is t ical ly  s ignif icant  ( D u n n e t r  s tes t ,  

p < 0 . 0 5 ) .  Rates  were  c o m p a r a b l e  to con t ro l  va lues  af te r  
doses  of  3.0 to 30 mg/kg PO. U n d e r  the  F I  c o m p o n e n t ,  ra tes  
were  r educed  to app rox ima te ly  70 pe r cen t  o f  con t ro l  by  
doses  of  0.3 to 3.0 mg/kg PO, but  were  c o m p a r a b l e  to  con t ro l  
va lues  af te r  10 to 30 mg/kg PO. Quar ter - l i fe  va lues  were  not  
s ignif icant ly  a l te red  by CGS9896  g iven  PO. W h e n  adminis -  
t e red  IV, CGS9896 (0.3 to 10 mg/kg) had  no s ignif icant  effect  
on  r e s p o n s e  ra tes  u n d e r  e i the r  schedule  c o m p o n e n t ,  no r  
were  quar ter - l i fe  va lues  a l tered.  H o w e v e r ,  the  lowes t  dose  
of  CGS9896  admin i s t e r ed  IV (0.1 mg/kg) t e n d e d  to dec rea se  
ra tes  in bo th  schedule  c o m p o n e n t s  and  it is poss ib le  tha t  
comp lex  effects ,  s imilar  to t hose  o b s e r v e d  wi th  oral  drug 
admin i s t r a t ion ,  might  have  b e e n  o b s e r v e d  wi th  IV adminis -  
t r a t ion  had lower  doses  been  tes ted .  

CGS9895,  admin i s t e r ed  PO, had  no  effect  on  r e sponse -  
ra tes  u n d e r  e i the r  schedu le  c o m p o n e n t  or  on  the  FI  quar te r -  
life va lue  o v e r  the  dose - range  of  0.1 to 10 mg/kg (Fig. 4). A 
dose  of  30 mg/kg dec rea sed  ra tes  u n d e r  b o t h  c o m p o n e n t s  bu t  
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FIG. 3. Effects ofCGS9896 PO and IV on average rates of responding 
under an FR 30 schedule component (top), FI 5-min component 
(middle), and on quarter-life values during the F1 5-min component 
(bottom) in dogs. Abscissa: dose of drug (mg/kg), log scale. Ordi- 
nates: mean rates of responding expressed as a percentage of control 
values (top and middle) and quarter-life values expressed as a per- 
centage of the interval (bottom). Points above C represent mean 
control (placebo capsule or drug vehicle) values based on 3 determi- 
nations in each dog. Other points are the mean of one determination 
in each of 4 dogs. The vertical lines represent _+ 1 SEM and are 
absent when this value is less than the size of the point. 

had no effect  on the quarter-l ife value.  Higher  doses  were  
not  tested due to a limited drug supply. CGS9895 was not 
tested IV due to solubility limitations. 

Rate-Dependency 

The effects of  d iazepam under  the FI  componen t  were 
dependent  on the control  rate of  responding (Fig. 5, upper  
left panel); low rates were  increased while high rates were 
increased less or  decreased.  CGS9896 (Fig. 5, right panels) 
did not produce effects  which were  consis tent ly  dependen t  
upon control  rates o f  responding when compared  across the 
two routes  o f  administrat ion.  There  were  no dose-rela ted 
changes in the slopes of  the regress ion lines, nor  were  the 
regression lines shifted along the abscissa.  CGS9895 (Fig. 5, 
lower  left panel) tended to increase low rates and also de- 
crease  high rates o f  responding,  but this effect  was not ob- 
se rved  consis tent ly  in all dogs. CGS8216 (Fig. 5, middle 
panels) tended to increase low rates o f  responding but de- 
c reased  high rates,  part icularly at the highest doses.  

Interactions Between Diazepam and CGS8216 

Adminis te red  alone, d iazepam PO produced effects  (Fig. 
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FIG. 4. Effects of CGS9895 PO on average rates of responding under 
an FR 30 schedule component (top), FI 5-min component (middle). 
and on quarter-life values during the FI 5-min component (bottom) 
in dogs. Abscissa: dose of drug (mg/kgL log scale. Ordinates: mean 
rates of responding expressed as a percentage of control values (top 
and middle) and quarter-life values expressed as a percentage of the 
interval (bottom). Points above C represent mean control (placebo 
capsule) values based on 3 determinations in each dog. Other points 
are the mean of one determination in each of 4 dogs. The vertical 
lines represent _+ ISEM and are absent when this value is less than 
the size of the point. 

6) virtually identical to those descr ibed above for diazepam. 
In the FR component ,  3.0 and l0 mg/kg of  CGS8216 PO 
blocked the rate-decreasing effects o f  diazepam. Adminis-  
tered concomitant ly  with 3.0 mg/kg of  CGS8216, d iazepam 
produced a slight increase in FR response rates. In the FI 
componen t ,  the increase in response rates produced by 
d iazepam was significantly greater  in the presence  of  3.0 
mg/kg CGS8216 as ev idenced  by a significant preparat ions 
term in the bioassay analysis,  but the peak-effect  dose of  
d iazepam (3.0 mg/kg) was unchanged.  A dose of  10 mg/kg of  
CGS8216 had no significant affect on the d iazepam dose- 
effect  curve  in the FI component .  The dose-related de- 
c reases  in quarter-life values produced by d iazepam were 
unaffected by ei ther dose of  CGS8216. 

DISCUSSION 

Diazepam (PO) only increased rates of  responding under 
the FI component  but decreased  rates under  the FR compo-  
nent of  a multiple schedule in dogs. Quali tat ively similar 
results were  previous ly  repor ted  for chlordiazepozide  in 
squirrel monkeys  [7]. In the only previous  study assessing 
the effects  of  d iazepam on per formance  under a multiple FI 
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FIG. 5. Average effects of diazepam 1 and the three pyrazoloquinolines on the local rates of responding 
durtng successtve tenths of the FI 5-min component and during the FR 30 component plotted as a 
function of the average control rate of responding. Abscissa: control rate, log scale. Ordinate: rate 
after drug administration, log scale. The dashed line indicates no change from control data. Linear 
regression lines were fit to the data from the FI component by the method least squares. The data from 
the FR component are indicated by the arrow in each panel. 

001 cl1 to 32 

32 

001 
001 01 10 32 0 01 01 10 32 

FR schedule, Bignami and Gatti [3] reported that diazepam, 
as well as chlordiazepoxide, produced inconsistent effects in 
pigeons. However, benzodiazepines generally have been re- 
ported to increase FI responding in rats [21], cats [20], pi- 
geons [27] and squirrel monkeys [I] when FI performance was 
studied either in isolation or as one component of a multiple 
schedule which also included a punishment component. Also 
consistent with the present results, benzodiazepines gener- 
ally have been reported to decrease FR responding in rats 
[6,22] and squirrel monkeys [ 171. 

Unlike diazepam, CGS8216 decreased rates in both com- 
ponents of the mutiple schedule by the IV route and at the 
highest oral dose. Doses of 0.3 mgikg IV and 30 mg/kg PO 
were approximately equieffective in decreasing rates in both 
components. Thus, CGS8216 was approximately 100 times 
more potent by the IV as compared to the oral route. 
CGS8216 previously has been reported to affect behavior, 
including disruption of punished responding in rats [2,18], 
reduction of social interactions in rats [ 111, and potentiation 
of the convulsant effects of pentylenetetrazole and picrotox- 
in in mice [lo]. Taken together, these results indicate that 
CGS8216 has intrinsic activity. Some of these actions of 
CGS8216, such as potentiation of pentylenetetrazole, are 
opposite those of diazepam and are blocked by the selective 
benzodiazepine antagonist Ro 15-1788 [ 101; these actions 
thus appear to be inverse agonist properties. On the other 
hand, the potentiation of picrotoxin by CGS8216 is not 
blocked by Ro 15-1788 and therefore dose not represent an 
inverse agonist effect. In the present study, the effects of 
CGS8216 were not entirely opposite those of diazepam, and 
therefore it is unlikely that CGS8216 functioned as an inverse 

agonist at benzodiazepine receptors in disrupting schedule 
controlled performance. 

By the intravenous route, CGS9896 was without signifi- 
cant effect over the dose-range tested. By the oral route, 
moderate doses of CGS9896 produced modest (30 to 50 per- 
cent) decreases in rates under both components of the mul- 
tiple schedule; higher doses did not significantly alter re- 
sponse rates. The reason for this nonmonotonic effect is 
presently unclear. Similarly, the reason for the lack of effect 
by the IV route is unclear, but might be due either to the failure 
to test sufficiently low doses IV, or to differences in metabolism 
by the two routes. However, the modest magnitude of the ef- 
fect by the oral route and the apparent lack of concordance in 
the effects by the two routes suggests the results obtained with 
oral administration should be interpreted with caution and 
await confirmation in further experiments. Nevertheless, 
CGS9896 did not produce diazepam-like effects on perform- 
ance under a multiple FI FR schedule. These results are in ac- 
cord with previous reports that the profile of action of CGS98% 
differs from that of diazepam. This pyrazoloquinoline also did 
not produce ataxia as measured on the rotarod in mice [28] nor 
diazepam-like discriminative effects in rats [24]. On the other 
hand, CGS9896, like diazepam, increased rates of punished 
responding in rats and blocked the convulsant effects of pen- 
tylenetetrazole in mice [28]. Taken together, these re- 

sults suggest that CGS9896 is a selective ligand for a sub- 
population of benzodiazepine receptors [24]. 

Oral CGS9895 also was without significant effect on re- 
sponse rates over the dose-range tested. In contrast, 
CGS9895 has been reported to increase rates of punished 
responding, but with a smaller maximal effect than 
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FIG. 6. Effects of diazepam PO administered alone and concomi- 
tantly with CGS8216 PO on average rates of responding under the FR 
30 schedule component (top), FI 5-min component (middle), and on 
quarter-life values during the FI 5-min component (bottom) in dogs. 
Abscissa: dose of diazepam (mg/kg), log scale. Ordinates: mean 
rates of responding expressed as a percentage of control values (top 
and middle) and quarter-life values expressed as a percentage of 
interval (bottom). Points above C represent mean control (placebo 
capsules) values, 100 percent, based on 6 determinations in each 
dog. Other points are the mean of one determination in each of 4 
dogs. The vertical lines represent _+ 1 SEM and are absent where this 
value is less than the size of the point. 

diazepam, and also to block pentylenetetrazole-induced 
convulsions [28]. Moreover, at higher doses, CGS9895 an- 
tagonized the anticonvulsant effects of diazepam in mice [28] 
and also the discriminative effects of diazepam in rats [24]. 
The antagonist activity of CGS9895 was not evaluated in the 
present study due to a limited drug supply. However, 
CGS9895 does antagonize the effects of diazepam on per- 
formance under a multiple FI FR schedule in rats (Katzman 
and Shannon, unpublished observations). This profile of ac- 
tivity is not entirely consistent with the interpretation that 
CGS9895 is a partial agonist. Rather, together with previous 
reports, these data suggest that CGS9895 is an agonist (or 
partial agonist) at one subpopulation of benzodiazepine re- 
ceptors and an antagonist at a different subpopulation of 
receptors [24]. 

The interactions between CGS8216 (PO) and diazepam 
(PO) were complex. CGS8216 antagonized the rate- 

decreasing effects of diazepam under the FR component in a 
dose-related manner. These findings are consistent with 
previous reports that CGS8216 antagonized the anti- 
conflict, anticonvulsant and ataxia-producing properties of 
diazepam [2,19] as well as the discriminative effects of di- 
azepam [23,35]. Under the FI component, however, the 
rate-increasing effects of diazepam were potentiated by the 
3.0 mg/kg dose but were largely unaffected by the 10 mg/kg 
dose of the antagonist. Further, neither dose of CGS8216 
blocked the decreases in the quarter-life value produced by 
diazepam. These latter findings suggest the possibility that at 
doses which do not effect behavior, CGS8216 may selec- 
tively antagonize the rate-decreasing effects of diazepam, 
whereas higher doses, which may disrupt performance when 
given alone, are required to antagonize the rate increasing 
effects of diazepam. However, in another study in dogs re- 
sponding under a similar multiple schedule (Risner and 
Shannon, unpublished observations) but where tones plus 
cue lights served as the discriminative stimuli for each com- 
ponent and the manipulandum was a floor-mounted lever 
rather than the wall-mounted lever used here, CGS8216 ad- 
ministered either PO or IV had no significant effect on per- 
formance. Under these latter experimental conditions 
(Risner and Shannon, unpublished). CGS8216 PO and IV 
blocked the rate-increasing effects of diazepam under the FI 
component as well as its rate-decreasing effects under the 
FR component. Thus, interactions between CGS8216 and 
diazepam are complex and depend critically upon a number 
of environmental factors and response topography. 

Several investigators have previously reported that the 
effects of benzodiazepines are dependent on control rates of 
responding (e.g., [6, 7, 27]). In the present study, diazepam 
increased the low rates of responding which occurred early 
in the interval and increased less or decreased the high rates 
which occurred late in the interval. Under the FR compo- 
nent, rates were decreased by diazepam less than would 
have been predicted from the rates generated under the FI 
component. On the other hand, CGS8216 primarily de- 
creased the high rates which occurred late in the interval 
while having no effect or slightly increasing low rates which 
occurred early in the interval; FR rates were decreased less 
than would have been predicted from the changes in FI rates. 
Thus, under the FI schedule, the effects of diazepam were 
generally opposite those of CGS8216. However, both drugs 
had similar effects under the FR schedule. 

In summary, although CGS9896, CGS9895 and CGS8216 all 
displace [3H]diazepam and are more potent than diazepam as 
receptor ligands, they do not produce diazepam-like effects on 
schedule-controlled behavior in dogs. Together with previ- 
ous reports (see above), CGS9896 appears to exhibit only a 
portion of the pharmacologic and behavioral profile of 
diazepam-like drugs, suggesting that CGS9896 may be a 
selective agonist at a subpopulation of benzodiazepine re- 
ceptors. CGS9895 has both agonist and antagonist properties 
in other procedures (e.g., [28]), but is relatively ineffective in 
disrupting schedule-controlled performance (this report). 
Further research is required to elucidate the profile of action 
of this compound. CGS8216 antagonizes most of the actions 
of benzodiazepines (e.g., [2]), and also disrupts schedule 
controlled performance. Further research is required to de- 
termine whether this latter activity of CGS8216 is due to 
antagonism of an endogenous benzodiazepine ligand, inverse 
agonist activity, or to some other mechanism of action. The 
latter possibility appears more likely since both CGS8216 
and CGS9895 are benzodiazepine antagonists, but only 
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CGS8216 d is rupted  schedule -con t ro l led  pe r fo rmance ,  and 
the effects  o f  CGS8216 were  not  ent irely oppos i te  those  o f  
d iazepam.  
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