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PAPPAS, B. A. AND P. WALSH. Behavioral comparison oj'pentylenetetrazol, chmidine, chlordiazepoxide and diazepam 
in inf~m! rats. PHARMACOL BIOCHEM BEHAV 19(6) 957-961, 1983.~The effects of various doses of pentylenete- 
trazot, clonidine, chlordiazepoxide and diazepam on limb and head movement and behavioral seizure signs were examined 
in 4-, 8- and 16-day old rats tested at ambient temperatures of either 25 or 35°C. All 4 drugs produced intense behavioral 
activation at the 2 younger ages but there were marked differences among them in the effects of test temperature on this 
activation and in the relationship between age and their activating effect. A "paradoxicaF' and intense behavioral 
energization was observed after the administration of either of the 2 benzodiazepines at 4, 8 but not 16 days, particularly at 
the lower test temperature. Clonidine and pentylenetetrazol were activating at all 3 ages but while c!onidine had greater 
effect at the low test temperature, the opposite was the case after pentylenetetrazol, The effects of the benzodiazepines and 
clonidine were clearly distinct from those of pentylenetetrazol and this was the only drug to substantially elicit seizure 
signs. It is uncertain whether or not the benzodiazepines cause brain seizures in young animals. If so, then their behavioral 
manifestation is clearly different from that observed after pentytenetetrazol. 

Pentylenetetrazol Clonidine Benzodiazepines Seizures Behavior Infant rats 

PREVIOUS reports suggest an unexpected similarity in the 
behavioral effects of benzodiazepines, clonidine and pen- 
tylenetetrazol in rat pups. For example, this laboratory has 
reported that diazepam elicited very active behavior in rats 
up to nine days of age, characterized by swimming move- 
ments of the limbs and intense forward crawling even when 
the latter was impeded by the walls of-the test apparatus 
(Pusztay et al. [I 1], Our (unpublished) studies also indicated 
a similar effect after the hypnotic benzodiazepine 
flurazepam. At 12 days and older, we have found that these 
benzodiazepines either had no effect or inhibited activity. 
Our observations were strikingly similar to those reported 
for clonidine which activates rats until about 20 days of age 
after which it has an apparent sedating effect [9, 12]. The 
nature of this activating effect of clonidine in young rats was 
described as "forward locomotion, paddling and wallclimb- 
ing-  by both Nomura and Segawa ([9] pp. 532) and Reinstein 
and Isaacson ([ 13] pp. 379). Our data for the benzodiazepines 
and those of others for clonidine did indicate however that 
their activating effects disappeared at different ages, namely 
after about 9 and 20 days respectively. 

We have also included here a detailed analysis of the chem- 
ical convulsant pentylenetetrazol. As first described by Mil- 
lichap [7] and later elaborated by Vernadakis and Woodbury 

[15], there is a distinctive maturation of seizure charac- 
teristics caused by this drug (and to maximal electroshock 
procedure). Up to eight days of age the rat displays "hyper- 
kinesia (paddling and running movements, shaking and 
hyperextension of the head)" ([15] pp. 165). These "paddling 
and running movements" seem similar to those observed 
after clonidine and up to about 9 days, after the ben- 
zodiazepines, Furthermore, these locomotor activating ef- 
fects of pentylenetetrazol reportedly disappear at the same 
age at which we observed a disappearance of the activating 
effects of the benzodiazepines. Thus convulsant (pen- 
tylenetetrazol) and anti-convulsant (benzodiazepine) agents 
reportedly elicit some similar effects in young rats as well as 
a parallel maturational time course for these effects, Does 
this reflect seizure induction in neonatal rats, by the ben- 
zodiazepines? While this seemed an unlikely possibility in- 
sofar as the benzodiazepines are potent anticonvulsants in 
the adult, Barr and Lithgow [1] recently reported that both 
chlordiazepoxide and flurazepam when administered at typi- 
cal antiseizure doses, produced "behavioral convulsions" 
(pp. 431) in rats 18 days of age or younger. In 3 and 10 day 
old rats these "convulsions" were characterized by 
" 'swimming" movements. In their experiment however, 
these benzodiazepines were not compared with a typical 
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convulsant drug thus raising the possibility that what these 
experimenters observed were not typical manifestations of 
brain seizure activity. 

In this study we compared the effects of various doses of 
chlordiazepoxide, diazepam, clonidine and pentylenetet- 
razol using an observational sampling procedure to score the 
presence of limb movements, head movements and seizure 
signs. In view of the facts that ambient temperature affects 
dopaminergic brain function in young rats (Horwitz et al. [6]) 
and that their activity is modulated by dopaminergic mech- 
anisms (Pappas et al. [10]), we assessed the effects of these 
drugs at ambient temperatures near (35°C) or below (25°C) 
litter temperature. 

METHOD 

Sut~je~ ts 

A total of 547 offspring of Wistar rats, purchased 14 days 
pregnant from Woodlyn Farms (Guelph, Ontario), were 
used. Upon receipt from the supplier the dams were housed 
in polystyrene maternity cages. The day of birth was desig- 
nated as day one of life. A cycle of lights on at 0700 and off at 
2000 hours was maintained. 

Apparatus 

Four empty polystyrene cages (25x 15x 12 cm) served as 
observation containers. The air temperature of these con- 
tainers was maintained at either 25°C or 35°C with two Gen- 
eral Electric 250 watt, infrared lamps which were activated 
by a proportional temperature controller (YSI model 72). 

Drugs 

The drugs and the i r  doses used in the study were 
clonidine HC1 (Boehringer, Ingelheim) 100, 300 and 900 
htg/kg, pentylenetetrazol (Sigma) 25, 50 and 75 mg/kg, 
chlordiazepoxide (Hoffman, La Roche) 1.0, 3.0 and 9,0 
mg/kg and diazepam (Hoffman, La Roche) 0.5, 1.5 and 4,5 
mg/kg. The vehicle used for the first three drugs was normal 
saline but for the latter another vehicle was necessary. It 
consisted of 1.5% benzyl alcohol, 40.0% propylene glycol, 
10.0% ethanol, 2.5% sodium benzoate and 2.5% benzoic acid 
(buffers), 43.5% distilled HeO, and its pH was adjusted to 6.7 
using sodium hydroxide. 

p l . O ( . ( ~ d l l F (  ~ 

At the respective testing ages of 4, 8 or 16 days, four rat 
pups, usually from the same litter, were each placed ran- 
domly into one of the four clean observation containers. 
Using a thermistor probe which was centered on the floor 
equidistant from the four containers, the temperature at this 
level was preset to be at either 25°C or 35°C (-+ I°C) where 
it remained during the testing procedure. After each animal 
was weighed, the amount of injection was determined. This 
process took approximately ten minutes and allowed the 
pups to adapt to the new environment. Drug, drug dose and 
vehicle injections were assigned to each container in a 
semirandom fashion prior to testing. Recording began after 
injections had been given subcutaneously in the nape of the 
neck. Behavior was recorded over a 60 minute period for 
each animal as described below. The animals were then im- 
mediately sacificed by overdose of pentobarbital. At each of 
the two temperatures, seven pups of either 4, 8 or 16 days of 
age received either a vehicle injection or one of three doses 

of the four drugs. The data for one animal were lost (chlor- 
diazepoxide 3 mg/kg at four days at 25°C) while one addi- 
tional rat was inadvertently run in two other groups (chlor- 
diazepoxide 1 mg/kg at 8 days and chlordiazepoxide 9 mg/kg 
at 4 days, both at 25°C). 

Behavioral Scoring 

Behavioral scoring was done using a time sampling pro- 
cedure and by the same experimenter for the entire experi- 
ment. Behavior was observed and recorded for 15 seconds for 
each of the 4 animals. This procedure was repeated every 
minute for 60 minutes. The presence or absence of 13 behav- 
iors was scored and these were then categorized a priori into 
limb movement (LM: consisting of forelimb or hindlimb 
movement, single limb jerks, crawling, swimming-like 
movements without body locomotion, walking, rearing, wall 
progression), head movement (HM: head turning, head rais- 
ing) and seizure-like activity (head-shaking, forelimb clonus, 
hindlimb clonus, body clonus, see Vernadakis and Wood- 
bury, [15]). Rats were also scored for the absence of body 
righting and for vocalizations. These data were examined 
separately since there was obvious a priori categorization 
for them. 

For statistical analyses, the total number of observations 
of the behaviors were summed for the 60 observation periods 
so as to yield three scores for each rat (i.e. total scores for 
LM, HM and seizures). 

RESULTS 

Limb Movement (LM) 

Vehicle (VEH). The two vehicle groups were compared 
with an analys is  of var iance .  They did not differ,  
F(2,74-0.92, NS, and were collapsed to form a single VEH 
control group for Fig. 1 and for further statistical analyses. 
As shown by Fig. 1, LM in these control rats was very much 
determined by temperature at 4 and 8 but not 16 days. At 4 
and 8 days the rats showed higher LM at 35 ° than at 25°C. 
Analysis of variance indicated both a significant tempera- 
ture, F(I,74= 19.17, p<0.001, and temperature by age in- 
teraction, F(2,74= 17.23, p<0.001. 

Pentylenetetrazol (PTZ). Most rats receiving 75 mg/kg 
died and consequently this group was eliminated early in the 
experiment. At the lowest dose (25 mg/kg), the results for PTZ 
were not different than those for VEH. Thus at 4 and 8 days 
the rats showed higher LM at 35 ° than at 25°C. Analysis of 
variance incorporating the VEH and the two PTZ dose 
groups showed a s ignif icant  dose main effect,  
F(2,152)=41.00, p<0.001, with LM highest after 50 mg/kg 
PTZ. This analysis also indicated no significant temperature 
by dose interaction, F(2,152)=0.64, N.S. As with vehicle 
pups, after both doses of PTZ there was greater LM at 35°C 
for 4 and 8 but not 16 day old pups. There was also a signifi- 
cant age by dose interaction, F(4,152):3:72, p<0.01, due to 
the fact that with higher PTZ dose there was a high level of 
LM at 16 days. With both the lower PTZ dose and vehicle, 
LM declined from eight to 16 days. 

CIonidine fCLON) .  Clonidine clearly elevated LM, 
F(3,188)=84.80,p<0.001, with this effect somewhat larger at 
300 p~g/kg than the other two doses. The most striking effect 
was a reversal of the temperature effect that was observed 
after VEH and PTZ. LM was significantly, F(1,188)=67.43, 
p<0.001, higher at 25°C for all three CLON doses. Gener- 
ally, CLON enhanced LM at all three ages. 
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FIG. 1. The effects of vehicle, pentylenetetrazol (PTZ), clonidine, 
chlordiazepoxide and diazepam on mean (±s.e.) total limb move- 
ment (LM) scores at 4, 8 and 16 days of age. Each drug is repre- 
sented in separate panels, one for each dose where applicable. The 
doses are indicated along with the drug in each panel. The ages are 
represented on the abscissa. Solid lines represent curves for rats run 
at 25°C ambient temperature while dashed lines give the curves for 
rats run at 35°C. 
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FIG. 2. The effects of vehicle, pentylenetetrazol (PTZ), clonidine, 
chlordiazepoxide and diazepam on mean (_+s.e.) total head move- 
ment (HM) scores at 4, 8 and 16 days of age. Each drug is repre- 
sented in separate panels, one for each dose where applicable. The 
doses are indicated along with the drug in each panel. The ages are 
represented on the abscissa. Solid lines represent curves for rats run 
at 25°C ambient temperature while dashed lines give the curves for 
rats run at 35°C. 

Chlordiazepoxide (CDZ). As was observed from CLON, 
CDZ's  effects on LM were temperature and dose dependent, 
as indicated by the significant interaction between these var- 
iables, F(3,189)=821, p<0.001. At the 1.0 and 3.0 mg/kg 
doses, there was minimal effect of temperature on LM. Un- 
like the VEH rats tested at four and eight days, after 9.0 
mg/kg of  CDZ the pups were more active at 25°C. Thus as 
with CLON but less dramatically so, CDZ eliminated or re- 
versed the relationship between temperature and LM that 
had been shown by vehicle treated pups. Furthermore CDZ 
at the lower but not the higher temperature, elevated LM at 4 
and 8 days, whereas at 16 days it had no obvious effect. 

Diazepam (DZP). Like CLON and CDZ, diazepam re- 
versed the relationship between temperature and LM which 
was shown by vehicle injected rats, F(3,188)=8.77,p<0.001. 
The DZP treated rats showed higher LM at 25°C. There was 
also a c lear  r e l a t ionsh ip  b e t w e e n  dose and LM, 
F(3,188)=15.40, p<0.001. The lowest dose (0,5 mg/kg) ele- 
vated LM at 25°C while the two higher doses suppressed LM 
at 35°C. This was reflected by a significant temperature by 
dose interaction, F(3,188)=8.77, p<0.001. Finally like CDZ, 
DZP at 0.5 and to some extent at 1.5 mg/kg elevated activity 
in 4 and 8 day old pups but failed to affect or slightly sup- 
pressed that of 16 day old pups. As was found for CDZ, this 
elevation at 4 and 8 was temperature dependent and oc- 
curred only in pups tested at 25°C. 

Head Movement (HM) 

Vehicle. There was no difference in HM between the two 
vehicle groups, F(1,74)=0.04, N.S.,  and they were combined 
for statistical purposes into one VEH group. As Fig. 2 

shows, HM increased with age, F(2,74):23.63, p<0.001. 
More HM was, evident at 25°C for 8 and 16 day old pups. The 
age by temperature interaction fell short of statistical signifi- 
cance, however, F(2,74)=2.30, p<0.11. 

Pentylenetetrazol. Both doses of PTZ elevated HM, 
F(2,152)=47.82, p<0.001. At the lower dose of PTZ, there 
was no effect of temperature. However,  at the higher dose 
HM was somewhat greater for rats tested at 35°C. As was 
found for the VEH pups, HM was highest at 16 days for the 
PTZ rats. 

Chmidine. Clonidine elevated HM, F(3,188)=3.02, 
p<0.05, but only at 25°C as indicated by the significant effect 
of temperature, F(1,188)=74.70, p<0.001, and temperature 
by drug dose interaction, F(3,188)=4.38, p<0.01. This is 
similar to the results for LM where CLON was also activat- 
ing only at the lower temperature. Like after VEH and PTZ, 
CLON treated pups showed highest HM at 16 days of age. 

Chlordiazepoxide. Generally CDZ suppressed HM in a 
dose dependent manner, F(3,189)=10.28, p<0.001. The 
temperature effect for these rats fell just short of signifi- 
cance, F(1,189)=3.66, p<0.06, and as Fig. 2 shows, there 
was no obvious relationship. As was found for VEH, PTZ 
and CLON, the greatest HM was seen at 16 days for the 
CDZ treated rats. 

Diazepam. D1AZ suppressed HM in a dose dependent 
fashion at 25°C, F(3,188)=34.64, p<0.001, and abolished 
HM at 35°C with all doses. In this respect it resembled CDZ 
although Fig. 2. shows it was clearly more potent. 

Seigttre Scores 

The seizure scores were collapsed across temperature since 
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FIG. 3. The effects of vehicle, pentylenetetrazol (PTZ), clonidine, 
chlordiazepoxide and diazepam on mean seizure scores. Each drug 
is represented in separate panels, one for each dose where appli- 
cable, The age of testing is represented on the abscissa. Standard 
errors are shown only when they exceed the width of the symbol, 
Note that the scale of the vertical axes varies. 

this variable had no discernible effect, and are presented in 
Fig. 3. The rats who had been injected with 50 mg/kg PTZ 
were clearly differentiated from the other drug and VEH 
groups by their high incidence of seizure signs. Seizure 
scores for this group declined with age, a finding which is 
consistent with the fact that the ED50 for PTZ markedly 
increases over the first few weeks of life [15]. As this figure 
shows, neither CDZ nor DZP elevated seizure scores at any 
age and dose combination. CLON elicited seizure signs in 
some 4- and 8-day rats but their incidence was considerably 
less than that after PTZ and did not significantly differ from 
the incidence observed for the VEH group. 

Other  Observa t ions  

The absence of the righting reflex was also scored for 
each rat. Loss of this reflex was considered an indicator of 
"'behavioral convulsion" by Barr and Lithgow [1] and shown 
by them to be a characteristic BZP effect in immature rats. 
We found the righting reflex to be markedly and equally 
reduced by CLON and DIAZ, less so by CDZ and not at all 
(in comparison to VEH) by PTZ. Conversely, vocalizations 
were obviously increased by CLON and PTZ but unaffected 
by the benzodiazepines. 

DISCUSSION 

The impetus for this experiment arose from published ob- 
servations concerning the effects of PTZ and CLON and our 
own observations with CDZ and DZP suggesting that these 

drugs had similar activating effects on rat pups. Further, 
since the completion of the present experiment, Barr and 
Lithgow [1] have reported that CDZ and flurazepam caused 
intense locomotor activation in infant rats which they inter- 
preted as reflecting "behavioral convulsions." The present 
experiment confirmed at least one aspect of these earlier 
studies insofar as we found that at least at one dose, all of 
these drugs were behaviorally activating. The similarities 
ended there however, and there were some striking differ- 
ences. Most noteworthy perhaps, is that the effects of the 2 
benzodiazepines were clearly distinguishable from those of 
the chemical convulsant PTZ. Thus we question whether the 
benzodiazepine's in fact induce brain seizures in young rats 
as suggested by Barr and Lithgow [ 1]. 

One obvious difference was the divergent effects of test 
temperature on the limb activating effects of PTZ (and VEH) 
and the other 3 drugs. In aggreement with earlier work 
(Moorcroft et al. [8], limb activity was higher at 35°C than at 
25°C for the 4 and 8 day old VEH rats. PTZ injected rats also 
showed more limb movement at the higher temperature. 
With CLON, CDZ and DZP there was a striking reversal of 
this relationship. The younger rats who were injected with 
these 3 drugs showed greater limb activity at 25 than at 35°C. 

Furthermore, whereas CLON continued to cause high 
levels of activity at 16 days, limb activity at this age for the 
CDZ and DZP treated rats declined to the level observed in 
VEH treated rats. This confirms our earlier observations of a 
"paradoxical" activating effect of the benzodiazepines in 
rats up to 8-12 days of age and shows in addition, that this 
effect occurred at a low test temperature but not at one 
which approximated the nest. Our finding that CLON was 
activating primarily at the lower temperature is the opposite 
result to that reported earlier by Reinstein and Isaacson [14J. 
but these investigators tested a considerably higher dose, 2 
mg/kg. 

Both CLON and the benzodiazepines at the doses which 
were found here to activate infant rats, suppress activity in 
adult rats. The sedative effect of CLON in adults (Drew et 
al. [3] ) as well as its locomotor activating effects in infant 
rats are blocked by alpha two adrenoceptor antagonists [9 
14]. It would be instructive to determine if the "paradoxical" 
activating effects of the benzodiazepines in infant rats also 
requires normal functioning of these receptors. Both CLON 
[2] and the benzodiazepines (Grant eta/.  [5]) inhibit the firing 
of the locus coeruleus in the adult rat. This inhibitory effect 
of CLON is mediated through alpha two adrenoceptors while 
that of the benzodiazepines however may occur possibly via 
GABA receptors [4]. It could be the case that the reversal of 
the effects of CLON and the benzodiazepines from behav- 
ioral activation to inhibition as the rat matures, reflects a 
change in the consequences of locus coeruleus inhibition 
with maturation. 

Do benzodiazepines cause "behavioral convulsions" in 
infant rats? Clearly our data confirm our earlier observations 
(Pusztay e t a / .  [ 11 l) and those of Barr and Lithgow [ 1 ] show- 
ing that they elicit an intense "paradoxical" locomotor ac- 
tivation in very young rats. PTZ is a prototypical and rea- 
sonably well characterized chemical convulsant ]16] and it 
would appear from our data that if the benzodiazepines in- 
duce seizures in young rats, then at the very least the behav- 
ioral expression of these seizures is clearly distinct from 
those elicited by PTZ. Thus we found that whereas FTZ was 
most activating at the higher test temperature, the opposite 
was true for the benzodiazepines. Furthermore while PTZ 
elevated scores on a behavioral composite selected A 
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P R I O R I  to ref lect  se izures ,  the  b e n z o d i a z e p i n e s  did not  ele- 
va te  these  scores .  Addi t iona l  d i f fe rences  inc luded  the  inhi- 
b i t ion  of  the  r ight ing reflex by  the  b e n z o d i a z e p i n e s  bu t  not  
by PTZ  and  the  e v o c a t i o n  of  voca l i za t ions  af ter  P T Z  but  not  
by the  b e n z o d i a z e p i n e s .  Final ly ,  r e s e a r c h  in this  l abora to ry  
shows  tha t  the  b e n z o d i a z e p i n e s  ef fec t ively  b lock  PTZ  in- 
duced  se izures  in very  young  rats  (Pusz tay  and  Pappas ,  un-  
pub l i shed  data) .  On  the  bas is  of  behav io ra l  s imilar i ty ,  
C L O N ' s  effect  was  more  like tha t  of  PTZ.  It  was  the  only  
o the r  drug to inc rease  se izures  scores  and  voca l iza t ions .  It 
does  like the  b e n z o d i a z e p i n e s  h o w e v e r ,  b lock  PT Z  induced  
se izures  in ra ts  as young  as 15 days  ( Sm yt he  and  Pappas ,  
unpub l i shed  o b s e r v a t i o n s )  w h e n  it still c a u s e s  in tense  b e h a v -  
ioral ac t iva t ion .  We  sugges t  the re fo re ,  tha t  if the  ben-  

zod iazep ines  induce  bra in  se izures  in young  rats ,  tha t  these  
se izures  are behav io ra l ly  d i s t inc t  f rom and  an tagonis t i c  to 
those  caused  by PTZ.  It would  be  p r e m a t u r e  to conc lude  tha t  
they  do  not  induce  bra in  se izures  in young  ra ts  s ince  the  
la t ter  can  be c lear ly  d i sce rned  only  t h rough  examina t i on  for 
pa roxysma l  b ra in  act iv i ty  a f te r  the i r  admin is t ra t ion .  
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