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BOAST, C A AND S C GERHARDT Lack of tolerance or wtthdrawal effects tn mtce after chromc adm~mstranon of 
the non-sedattng anxtolyttc, CGS 9896 PHARMACOL BIOCHEM BEHAV 26(3) 601-606, 1987--CGS 9896, a non- 
sedating anxlolytlc, was compared to dmzepam w~th respect to the development of tolerance and wtthdrawal. Both 
compounds were administered dady to mice at various doses (3, 10 or 30 mglkg) for periods of up to 4 weeks Measures of 
sedation/muscle relaxation, motor activity and antlconvulsant effects were then assessed When administered acutely, 
CGS 9896 increased motor activity, had no effect on traction reflex, and elevated the threshold for PTZ-mduced convul- 
sions After chrome admlmstrat~on of CGS 9896, no changes m these parameters were observed compared to the effects 
seen after acute treatment Acute administration of dmzepam reduced motor activity, tmpaared traction reflex and m- 
creased PTZ-lnduced convulsion threshold Tolerance developed to the effects of dlazepam m all three measures Follow- 
~ng a four week dosing period w~th 30 mg/kg of e~ther CGS 9896 or dmzepam, the drugs were w~thdrawn and sumlar 
behavtoral measures obtained at various withdrawal intervals up to 15 days In separate groups of m~ce, precipitated 
w~thdrawal was also assessed by the administration of the benzodlazepme reverse agomst, CGS 8216. No effects were 
observed after any period of w~thdrawal from CGS 9896 By contrast, w~thdrawal from dmzepam resulted m s~gmficant 
alterations of motor activity and convulsion threshold These results md~cate that CGS 9896 ~s hkely to be free of 
undesirable tolerance and withdrawal effects typically assocmted w~th the benzodmzepmes 

CGS 9896 D~azepam Chromc admlmstratlon Tolerance W~thdrawal effects 

B E N Z O D I A Z E P I N E S ,  such as d lazepam,  are widely 
prescr ibed for anxiety and often are taken for ex tended  
periods They  are known to cause  dependence  ~n some pa- 
tients [16,23], a condi t ion that  may  be l inked to the 
emergence  o f  to lerance to the therapeut ic  effects  o f  the drug, 
and/or  to subsequent ly  increased dosage taken to maintain 
consis tent  therapeut ic  effects [23]. Studies ~n animals have 
demons t ra ted  to lerance  to the sedat ive [11,15], anx~olytlc 
[6,24], and ant lconvulsant  [12, 14, 15] actions o f  ben- 
zodlazeplnes  S~mdarly, chronic  admlmstra t lon of  ben- 
zodlazep~nes and subsequent  w~thdrawal can result  ~n over t  
effects  ~n rodents  [8,22], dogs [20], cats [8], squirrel  monkeys  
[8], and baboons  [19]. It would  be a major  chnlcal  advantage  
to have an anx~olyt~c agent devoid of  to lerance and depend-  
ence/wl thdrawal  llabtllty 

CGS 9896 [26] ~s a pyrazoloqulnol lne  anxlolyt lc  lacking 
sedat ive propert ies  [2,3]. CGS 9896 also has ant lconvulsant  
act ivi ty [2,3] Because  of  the lack of  sedat ion produced  by 
CGS 9896, and the biochemical  character iza t ion o f  this drug 
as a m~xed agonls t /antagomst  at benzodlazeplne  sites [25], ~t 
was o f  interest  to determtne whe the r  CGS 9896 would  share 
the hablhty o f  the benzod lazepmes  to cause  tolerance.  Since 
CGS 9896 does  not  cause sedat ion/muscle  relaxation,  

tolerance to the ant~convulsant effects  of  the drug was of  
particular interest  A further issue was the quest ion o f  
whe ther  CGS 9896 would  induce wi thdrawal  effects,  suggest- 
lng dependence  habdlty A previous  study in baboons 
suggests that CGS 9896 may not  have  dependence  liability 
[17] In that  study no independent  measure  o f  eff icacy was 
obtained.  

In the present  invest igat ions,  mice,  chronical ly t reated 
w~th e~ther CGS 9896 or  dlazepam, were  assessed in a trac- 
tion test  to evaluate  sedat ion/muscle relaxat ion,  a motor  ac- 
tivity test  to de tec t  more  subtle moto r  effects,  and a pen-  
ty lenete t razol  convuls ton threshold test  to assess  antlcon- 
vulsant  act ivi ty In a second series o f  exper iments ,  chrom- 
cally t reated m~ce were  tested after varying per iods o f  drug 
w~thdrawal to assess spontaneous or  precipitated (by the ben- 
zodlazeplne reverse agonlst CGS 8216) withdrawal [9, 20, 25]. 

METHOD 

Subjects 

Male CF-1 mice (CrI .CF1BR, Charles  R~ver, Kingston,  
NY)  weighing 25-35 g were  used m these  exper iments .  The 
ammals  were  group housed (10/cage) in an environmenta l ly  
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controlled room with 12 hr of light (on at 7 00 a.m.) during 
the chronic drug administration or drug free periods. Mice 
were brought to the laboratory on the day of behavioral test- 
ing. 

Procedure 

Animals received oral (10 ml/kg) dmzepam (Hoffman- 
LaRoche, Nutley, N J) or CGS 9896 (CIBA-Gelgy, Summit, 
N J) once dady for periods of 1 to 4 weeks. Mice that received 
drugs for less than 4 weeks were given vehicle (3% colloidal 
cornstarch contmning 5% Tween 80 and 0.34% polyethyl- 
eneglycol 400) for the preceding weeks in order to equate 
handling, weight and number of lntubations over all treat- 
ment groups. 

Thirty minutes after the last dose, motor activity was as- 
sessed m Dlglscan motor actlvlty monitors (Omnltech, Co- 
lumbus, OH) housed in a dark, sound-attenuated chamber. 
Mice were tested Individually in 15 minute test sessions di- 
vided into 5 segments of 3 mmutes each (1 e., 0-3 min, 3-6 
mln, 6-9 mln, 9-12 mln, and 12-15 mm). Preliminary data 
analysis indicated that the distance travelled parameter re- 
flected significant changes 

Motor activity data were statistically analyzed by testing, 
first, for inequality of group variances [18] When inequahty 
was found, the Games-Howell test [13] was used to compare 
dosing intervals to acute administration for each dose. When 
variances were not unequal, analysis of variance was used 
followed by Dunnett 's  test [21] for multiple comparisons 

Sixty minutes after the last dose, animals were tested for 
loss of traction reflex Each mouse was permitted to grasp, 
by its front paws, a thin wire stretched horizontally Any 
animal unable to bnng its hind paws up to the wire within 10 
seconds was considered to have a loss of traction. These 
data were statistically evaluated using Fisher's exact 
probablhty test [10] 

Immediately after the traction test, threshold for pen- 
tylenetetrazol (PTZ)-lnduced convulsions was determmed 
PTZ (10 mg/ml--for tolerance experiment or 2 5 mg/ml--for 
withdrawal experiment) was injected via a tail vein in 0 05 
ml increments, 10 seconds apart, until a clonlc convulsion 
was observed. The total dose (mg/kg) of PTZ required to 
induce a convulsion was calculated and used as a measure of 
sensitivity to PTZ In some cases data were subjected to a 
log transformation because of unequal variances. Data were 
subjected to analysis of variance followed by multiple com- 
parisons using Tukey's  [5] or Dunnett 's  tests [21] 

Procedures for all behavioral testing were thoroughly 
counterbalanced for dose and duration of treatment. A given 
mouse was used only in one condition (I e ,  tolerance or 
withdrawal, dose, duration of chronic dosing, withdrawal 
time), however, the battery of behavioral tests was apphed 
to each mouse. At the tune of behavioral testing the experi- 
menters mvolved were "blmd" to the treatment condition 
of a given animal 

Tolerance Expertment 

Mice were treated once daily with vehicle, dlazepam (3, 
10, or 30 mg/kg PO) or CGS 9896 (3, 10, or 30 mg/kg PO) for 
1, 2, 3 or 4 weeks Thirty mln following the last drug treat- 
ment, d~stance travelled was recorded for 15 mm At one 
hour after treatment, traction reflex and PTZ convulsion 
threshold were assessed Eight to ten mice were used for 
each dose and duration condition 
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FIG 1 Effects of acute and chronic dlazepam treatment on traction 
reflex in m~ce *p<0 05 vs acute dlazepam treatment, tp<0 05 vs 
vehicle treatment (Flsher's test) CGS 9896 d~d not cause a loss of 
traction reflex at any dose or t~me tested 

Wtthdrawal Expertment 

Animals were treated once daily with vehicle, dlazepam 
(30 mg/kg PO) or CGS 9896 (30 mg/kg PO) for 4 weeks. Since 
CGS 9896 has been shown to be equlpotent with dlazepam 
w~th respect to anxiolytic effects [2,3], matching doses were 
selected. A relatively high dose was selected in order to 
facihtate the observation of any physical dependence. Sepa- 
rate groups of mice were tested at 1, 3, 8, or 15 days after the 
last drug treatment At each time period, separate groups of 
mice were treated with vehicle (spontaneous withdrawal), or 
30 mg/kg (PO) of the benzodlazepine inverse agonist, CGS 
8216 (precipitated withdrawal) [20] Thirty mln following this 
treatment, d~stance travelled was recorded for 15 mIn At 
one hour, traction reflex and PTZ convulsion threshold were 
assessed. Eight to ten mice were used for each treatment 
condition 

R E S U L T S  

Tolerance Expertrnent 

In animals previously treated only with vehicle, acute dl- 
azepam treatment (10 and 30 mg/kg) produced a loss of the 
traction reflex which was significant (p <0.05) by comparison 
with animals that received vehicle After one week of dally 
treatment with 30 mg/kg d~azepam, this loss of traction after 
a challenge dose (30 mg/kg) of diazepam was significantly 
reduced (p<0 05) compared with the acute effects (F~g 1) 
Slmdarly, mice receiving three or four weeks of dally treat- 
ment with 10 mg/kg diazepam d~d not show a loss of traction 
after a challenge dose (10 mg/kg) of dlazepam (p<0 05 com- 
pared with acute effects) Following these longer treatment 
regamens, a challenge dose of 30 mg/kg d~azepam caused a 
reduced but still significant (p <0.05) loss of traction. CGS 
9896 did not cause a loss of traction reflex at any dose or t~me 
tested (data not shown). 

D~stance travelled was not significantly altered by acute 
dlazepam treatment After 2 weeks (data not shown) or 3 
weeks (Fig 2A) of chronic treatment w~th 30 mg/kg of di- 
azepam, the distance travelled measure was significantly 
~p<0 05) increased relative to the acute effect at the 3, 6, and 
9 mln intervals 
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FIG 2 Effects of acute or chronic (3 week) dlazepam (A) or CGS 9896 (B) treatment (30 mg/kg) on distance travelled by mine dunng a 
15 mm motor actlwty session *p<0 05 vs (A) acute dlazepam treatment, or (B) vehicle (Games-Howell test) 
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FIG 3 Effects of acute or chronic dlazepam (A) or CGS 9896 (B) treatment on PTZ convulston threshold 
*p<0 05 vs acute treatment (A) or NS vs veIucle treatment (B) (Tukey's test) 

After acute admimstrat~on, 10 mg/kg of CGS 9896 ~n- 
creased distance travelled (significant at the 9 mm interval) 
(Fig. 2B). After 3 weeks of chronic treatment tins trend was still 
apparent (signdicant at the 9 min interval). 

Acute admlmstration of d~azepam produced an apparent 
dose dependent increase ~n the PTZ convulston threshold 
(F~g 3A). A challenge dose of 30 mg/kg diazepam g~ven after 
1, 3 or 4 weeks of chronic dosing with 30 mg/kg of dmzepam 
resulted in PTZ convulsion thresholds that were reduced 
relaUve to the acute effect, although they were stdl signifi- 
cantly higher than In the vehicle group. Similarly, a challenge 
dose of 10 mg/kg diazepam given after 2 or 4 weeks of 
chronic treatment with 10 mg/kg d~azepam, resulted in PTZ 
convulsion thresholds that were reduced relative to acute ef- 
fects 

Acute admimstration of CGS 9896, consistent with a pre- 
vious report [3], produced a statistically significant (p<0.05) 
increase in PTZ convulsion threshold winch was smaller in 
magmtude than that seen after acute dlazepam treatment, 
and winch appeared to be asymptoUc over the range of doses 
assessed (Fig. 3B) This antlconvulsant effect of CGS 9896 
was not reduced after chromc treatment w~th e~ther the 10 or 

30 mg/kg doses of CGS 9896. After 4 weeks of dosing with 3 
mg/kg of CGS 9896, the increase in PTZ convulsion 
threshold was not staUstically significant. Tins could reflect 
a shght degree of tolerance to the anUconvulsant effect of 
CGS 9896, or could be due to the weak anttconvulsant effect 
seen at this low dose of the compound. The reduction in 
convulsion threshold at the 3 mg/kg dose after 4 weeks of 
dosing was not s~gnfficant relaUve to the acute effect of this 
dose 

Wtthdrawal Expertment 

Changes were seen in motor activity at 24 hr (F=4.99-  
9 88, p<0.01) and 72 hr (F=2.34-4 49, p<0.05 at 3, 12, 15 
rain, p=0.06 at 9 m~n, ns at 6 min) of withdrawal, but not at 8 
and 15 days of withdrawal. Specifically, at 24 hr the distance 
travelled measure for the diazepam treated, precipitated 
withdrawal group showed statlsUcally s~gnificant decreases 
(p<0.05) at each of the three minute Intervals tested (F~g. 
4B). No other changes were seen at 24 hr (Fig. 4A and B). At 
72 hr the d~stance travelled measure for the diazepam 
treated, precipitated withdrawal group was signLficantly de- 
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FIG 4 Effects  of  spon taneous  (A, C, E) or  precipitated (CGS 8216, 30 mg/kg) (B, D, F) withdrawal on distance travelled by mice ]n a 15 mln 
sess ion 24 hr (A, B), 72 hr (C, D), or 8 days  (E, F) after 4 weeks  of  t rea tment  with diazepam or CGS 9896 (30 mg/kg) * p < 0  05 vs vehicle 
(Dunnet t ' s  test) 
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TABLE 1 

MEAN (-SE) PTZ CONVULSION THRESHOLD (mg/kg) 
SPONTANEOUS WITHDRAWAL 

Withdrawal Duration 

Drug 24 hr 72 hr 8 Days 15 Days 

Vehicle 46 5(2 4) 42 3(2 4) 48 9(3 2) 43 1(2 2) 
CGS 9896 44 7(6 3) 44 9(4 0) 39 7(2 7) 39 1(3 4) 
Diazepam 36 7(4 6) 42 9(4 7) 41 2(2 7) 30 4(2 5)* 

*p<0 05 vs vehicle 
Convulsions were produced by injecting pentylenetetrazol (2 5 

mg/ml IV) in 0 05 ml increments every 10 sec Groups were chroni- 
cally treated with vehicle, dlazepam (30 mg/kg PO), or CGS 9896 (30 
rng/kg PO) for 4 weeks and then allowed drug free periods of the 
durations indicated The d~azepam-treated spontaneous withdrawal 
(15 day) group showed a reduced PTZ convulsion threshold relative 
to vehicle treated animals CGS 9896-treated mice showed PTZ con- 
vuls~on thresholds that were s~mflar to those of vehicle-treated rnlce 
at all w~thdrawal t~mes 

TABLE 2 

MEAN (-+SE) PTZ CONVULSION THRESHOLD (mg/kg) 
PRECIPITATED WITHDRAWAL 

Withdrawal Duration 

Drug 24 hr 72 hr 8 Days 15 Days 

Vehicle 23 3(3 6) 25 6(4 8) 27 4(4 5) 26.6(2 6) 
CGS 9896 23 1(2 4) 27 1(4 3) 24 1(4 1) 22 1(5 4) 
Dlazepam 16 8(2 1) 22 4(3 1) 18 9(3 0) 18 0(1 9)* 

*p<0 05 vs vehicle 
As for Table 1, except that all groups were treated with CGS 8216 

(30 mg/kg PO) 60 mm prior to testing The diazapam-treated precipi- 
tated withdrawal groups showed a trend toward a reduced PTZ con- 
vulslon threshold relative to vehicle-treated ammals, which was 
statistically significant for the 15 day withdrawal group CGS 9896- 
treated m~ce showed PTZ convulsion thresholds that were mmilar to 
those of veMcle-treated mice at all withdrawal times 

creased at the 9, 12, and 15 min intervals (Fig 4D) In addi- 
tion, the movement time measure was decreased in this 
group at the 3 and 6 min time interval (data not shown) In 
contrast to these effects after dlazepam treatment, the CGS 
9896 spontaneous withdrawal group showed a statistically 
slgmficant increase in the distance travelled measure at the 3 
and 6 min interval (Fig. 4C) No effects on motor activity 
were seen at later periods of withdrawal from dlazepam or 
CGS 9896 (Fig. 4E and F) 

Statistically s~gnlficant changes (F=5 98, p<0.01) were 
also seen in the PTZ convulsion threshold measure in the 
diazepam-treated groups at the 15-day withdrawal interval. 
PTZ convulsion threshold was reduced (p<0.05) for both 
spontaneous (Table 1) and precipitated (Table 2) withdrawal 
groups Although trends toward reduced PTZ convulsion 
threshold were seen at other diazepam withdrawal intervals, 
these were not statistically significant. PTZ convulsion 
threshold was not altered at any time after withdrawal from 
CGS 9896 

DISCUSSION 

Under the conditions of the present experiment, tolerance 
developed readily to the sedative/muscle relaxant effects, 
the motor activity effects, and the anticonvulsant effects of 
diazepam. These findings are ~n agreement with previous 
reports of  the development of tolerance to the seda- 
tive/muscle relaxant [11,15], and anticonvulsant [12, 14, 15] 
effects of diazepam In contrast, there was no evidence of  
the development of tolerance after chronic admmistrat~on of 
CGS 9896 It is also known that CGS 9896 and diazepam do 
not show cross tolerance in tests of muscle relaxation or 
antianxiety [1,7] To the extent that benzodlazepine 
toleran6e and dependence may be linked, this experimental 
outcome suggests that CGS 9896 may be relatively free of 
dependence potential 

It is possible that all of  the tolerance to the effects of  
diazepam seen In this experiment was due to a selective 
reduction in the sedative/muscle relaxant properties of the 
drug This is, of course, the interpretation for the traction 
reflex data The observation that motor activity no longer 
decreased, but actually increased, after chronic admlnlstra- 

tion of diazepam, may also reflect the development of 
tolerance to sedative/muscle relaxant effects. Increases in 
motor activity were also associated with lower doses of  di- 
azepam which most hkely lack sedative/muscle relaxant ef- 
fects, and with CGS 9896, a nonsedatlng anxiolytlc. 

The diazepam-induced elevations of PTZ convulsion 
thresholds were attenuated after chronic diazepam treat- 
ment, but remained significantly elevated above vehicle 
treatment levels Since tolerance occurs to the seda- 
tive/muscle relaxant properties, it is possible that a contri- 
bution to the apparent anticonvulsant effects of diazepam 
comes from these sedative/muscle relaxant actions [3]. CGS 
9896 produced a consistent but smaller degree of convulsion 
threshold elevation, which did not change with chronic 
treatment The lack of  sedative/muscle relaxant effects of  
CGS 9896 may account for the lack of tolerance to this antl- 
convulsant activity 

The second experiment explored the question of whether 
CGS 9896 would produce withdrawal effects upon cessation 
after chronic treatment. Chronic diazepam treatment and 
subsequent precipitated withdrawal resulted in motor activ- 
ity changes It is important to note that this decrease in 
motor activity occurred m the absence of  dIazepam. Al- 
though the direction of  this effect is similar to that seen after 
acute treatment with diazepam, it is unlikely that it reflects 
sedative/muscle relaxant properties of the drug, since no ef- 
fects were seen on the traction reflex measure 

Chronic CGS 9896 treatment and subsequent withdrawal 
had no effect on motor activity except that after 3 days of 
withdrawal the CGS 9896 treated mice showed an mcrease in 
distance travelled relative to controls. This type of effect was 
also seen after both acute and chronic CGS 9896 treatment. 
It is clear that withdrawal from CGS 9896 does not produce 
effects on motor activity similar to those seen after diazepam 
withdrawal. This suggests that CGS 9896 may not produce 
physical dependence of a type that is characteristic of ben- 
zodlazeplnes [8, 19, 20, 22, 23] Of course, it should be kept 
~n mind that this conclusion is based on the set of parameters 
for drug administration used in the present experiments It is 
possible that a paradigm employing higher doses or more 
frequent drug administration would reveal physical depend- 
ence properties of CGS 9896 Still, the dose of CGS 9896 
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used was relatively high (e.g., 3 mg/kg will readily produce 
an anxlolytlc or anticonvulsant effect) and equivalent to the 
dlazepam dose smce the two drugs show equipotent effects 
on anxiolytlc measures [2,3]. Although one cannot un- 
equivocally conclude that CGS 9896 does not produce physi- 
cal dependence from the present studies, at least ~t is clear 
that CGS 9896 does not produce dependence as readily as 
diazepam. A more complete comparison of these two drugs 
couM be accomplished by using a "chronically equivalent" 
dosmg method [4] 

The convulsion threshold data show further evidence of 
w~thdrawal effects after cessation of chronic dlazepam 
treatment. Tbas suggests an altered sensltiwty of ben- 
zodmzepine receptors opposite to that seen m the presence 
of  the drug. This increased susceptibility to convulsions is 
consistent with the presence of  a withdrawal syndrome fol- 
lowing chronic diazepam treatment. There were no effects 
on convulsion threshold at any withdrawal time following 
chronic treatment with CGS 9896. 

It is clear from the present data that w~thdrawal effects of 
dlazepam are more readily observed following perc~pltated 

than after spontaneous withdrawal. This is consistent with 
previous reports [17,19]. In the present experiments, motor 
activity changes were seen only m precipitated withdrawal 
conditions. Also, there was a clear trend for reduced con- 
vulslon threshold effects m the precipitated withdrawal 
groups although the only clear reduction in the spontaneous 
w~thdrawal groups came after 15 days Consistent with pre- 
vious reports [22,23], the results of the present expermaents 
confirm that w~thdrawal after chromc benzodlazeplne admm- 
~stration can be observed after relatively long drug free 
periods. For example, up to 3 days after drug withdrawal, 
effects on motor activity were seen, and after 15 days effects 
on convulsion threshold were seen 

The data from the withdrawal experiment support the hy- 
pothesis that CGS 9896 does not show dependence hablhty. 
When the tolerance and withdrawal data are considered to- 
gether, this conclusion ~s supported further. These findings 
are consistent with an earlier report showing that CGS 9896 
d~d not produce withdrawal effects ~n baboons [17]. CGS 
9896 may, therefore, prove to be largely free of dependence 
potential in chmcal studies 
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