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MOLLENAUER, S., R. PLOTNIK AND E. SNYDER. Scopolamine effects dependent upon pretreatment level of emotion- 
ality in the raL PHARMAC. BIOCHEM. BEHAV. 1(5) 509-514 ,  1973.-- Rats were classified low or high emotional (E) 
depending upon the initiation of consummatory behavior in an open field. High E included those that failed to begin 
drinking before the fifth training day. By the last day of training, drinking time did not differ for Low and High E; except 
for a slight, but nonsignificant, depression in activity, High E animals had become behaviorally indistinguishable from Low 
E. When both groups were confronted with a cat, differences in emotionality reemerged. High E rats showed significantly 
more behavioral suppression - more freezing and less ambulation. Moreover, pretreatment differences in emotionality 
resulted in radically different drug effects. For Low E animals, scopolamine (Sco) reduced fear responses: Sco animals 
showed significantly more approach into the area near the cat and significantly more drinking near the cat than controls. 
For High E animals, there was no significant difference on either measure between Sco and control. These data indicate 
that pretreatment level of emotionality is an important predictor for drug effects and that differences in emotionality can 
be masked but not eliminated by training. 

Emotionality Scopolamine effect Drug effects 

IN THE s tudy  of  drug effects  on  e m o t i o n a l  or fear- 
m o t i v a t e d  behaviors ,  an  i m p o r t a n t  source  of  var iance is the  
an imal ' s  p r e t r e a t m e n t  or  ini t ial  level of  emot iona l i t y .  
Fo l lowing  the  work  of Hall [ 7 ] ,  e m o t i o n a l i t y  has b e e n  
assessed f rom responses  of  the  rat  in an open  field;  h igh 
e m o t i o n a l i t y  has been  a t t r i b u t e d  to animals  t ha t  defeca te  
or u r ina te  across m a n y  days or  show l i t t le  a m b u l a t i o n  or 
take  m a n y  trials be fo re  eat ing,  or  show some c o m b i n a t i o n  
of  these  responses .  When the  p r e t r e a t m e n t  level of  e m o t i o n -  
al i ty has  been  con t ro l l ed ,  inves t igators  have found  re- 
pea ted ly  t ha t  drugs have very d i f fe ren t  effects  d e p e n d i n g  
u p o n  ini t ial  emo t iona l i t y .  Fo r  example ,  s ignif icant  inter-  
ac t ions  b e t w e e n  e m o t i o n a l i t y  and drug effects  on  avoidance  
r e spond ing  have been  r epo r t ed  for  the  T r y o n  S1 and $3 
animals  t rea ted  w i th  a m o b a r b i t a l  [ 9 ] .  On the  basis of  open  
field p e r f o r m a n c e ,  the  T r y o n  S 1 rats were descr ibed as h igh  
e m o t i o n a l  and T r y o n  $3 rats as low emot iona l .  A m o d e r a t e  
dose of  a m o b a r b i t a l  had  very d i f fe ren t  effects  on  these  two  
strains,  p roduc ing  an increase of  cond i t i oned  avoidance  
re spond ing  in the  S1 rats,  bu t  no t  the  $3 rats. In te rac t ions  
b e t w e e n  ini t ial  or p r e t r e a t m e n t  e m o t i o n a l i t y  and  drug  

effects  have also b e e n  repor ted  for  the  Maudsley s t rain,  
select ively b red  for  h igh de feca t ion  (high e m o t i o n a l )  or  low 
de feca t ion  ( low emot iona l ) .  B roadhur s t  [1] r epo r t ed  t h a t  
for  the  Maudsley s t rain,  h igh  doses of reserp ine  increased 
avoidance  r e spond ing  in h igh emot iona l s  and  decreased this  
response  in the  low emot iona l s .  More recen t ly ,  G u p t a  and  
H o l l a n d  [5] r epo r t ed  c o m p l e x  i n t e r ac t i ons  b e t w e e n  
e m o t i o n a l i t y  and  drug effects  w h e n  Maudsley high and  low 
e m o t i o n a l  animals  were t r ea ted  wi th  a m p h e t a m i n e ,  me thy l -  
p e n t y n o l  or the i r  c o m b i n a t i o n .  

Even w h e n  animals  have no t  been  selectively bred  for  
e m o t i o n a l i t y ,  ini t ial  d i f ferences  in level of  e m o t i o n a l i t y  
have been  i m p o r t a n t  for  p red ic t ing  drug  effects.  When 
Wistar a lb inos  were divided i n to  h igh and low emot iona l s  
on  the  basis of  open  field p e r f o r m a n c e  (defeca t ion-  
u r i na t i on  and  a m b u l a t i o n ) ,  a m o b a r b i t a l  fac i l i ta ted  avoid- 
ance  in h igh emot iona l s  and decreased avoidance  in low 
emot iona l s  [ 8 ] .  

The  an t i cho l ine rg ic  drug,  scopo lamine ,  has also been  
s h o w n  to have d i f fe ren t  effects  on  s h u t t l e - b o x  avoidance  of  
Wistar a lb inos ,  d e p e n d i n g  u p o n  the  ini t ia l  level of  avoidance  
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responding [3] .  Assuming that differences in baseline levels 
o f  avoidance responding were related to differences in 
emot iona l i ty  [2 ] ,  these data offer  fur ther  evidence that  
drugs affect avoidance behavior  d i f ferent ly  depending upon  
initial emot ional i ty .  Thus, emot iona l i ty  has been impor tan t  
whether  animals were selectively bred along some measure 
assumed to measure emot iona l i ty  or were taken from some 
strain (mixed)  and screened for responses related to high 
and low emot iona l i ty .  

The present s tudy was designed to investigate the rela- 
t ionship be tween  emot iona l i ty  and the effects of  an anti- 
cholinergic drug on avoidance of  a natural  predator .  It was 
previously repor ted  that  the ant icholinergic drug, scopol- 
amine,  significantly decreased fear responses in rats 
conf ron ted  with a cat (Plotnik,  Mollenauer  and Snyder,  in 
press). Compared  with controls ,  rats treated with  scopol-  
amine showed significantly less freezing, more  approach 
into the area near the cat and more  drinking in close 
p rox imi ty  to the cat. The present  s tudy asked whether  
scopolamine  would  have differential  effects on animals '  
responses to the cat depending on the p re t rea tment  level of 
emot iona l i ty ;  whether  the drug and pre t rea tment  level of  
emot iona l i ty  in teract ion would  be found in avoidance 
si tuat ions that  did not  involve shock as used in previous 
studies; and whether  the in terac t ion  would  be generalized 
to another  strain of  rats such as the Long-Evans hooded.  

METHOD 

Animals 

The animals were 83 male,  hooded ,  Long-Evans rats 
3 0 0 - 5 0 0  g at start  o f  exper iment ,  purchased f rom 
Simonsen Labora tory  (Gilroy,  Cal.). One animal was found 
to be comple te ly  unmanageable  and was discarded prior to 
the second day of  training. F rom the beginning of  the 
exper iment ,  animals were housed individually with un- 
l imited access to water  and mainta ined on a 23-hr food 
deprivat ion schedule.  They were fed a fixed amount  of  
food (approximate ly  12 g) at the same t ime each day,  
3 0 - 6 0  min after  the exper imenta l  session. 

Stimulus Cat 

The st imulus cat was a 4.5 kg male house cat. During 
testing the cat usually sat quie t ly  in its wire mesh enclosure.  
The animal somet imes  shifted posit ions,  but  the small size 
of  the enclosure restr icted any gross movements .  Since drug 
t rea tments  were randomized ,  there was no relat ionship 
be tween  activity of  the cat in the enclosure and drug 
t reatment .  

A ppara tus 

The apparatus was a circular arena, 108 cm in dia. wi th  
31 cm walls and a wire mesh floor. During test sessions wi th  
the cat, wall height  was increased to 68 cm to prevent  rats 
from jumping  out  of the arena. A sheet of  black plastic was 
placed under  the wire mesh f loor;  this sheet was marked off  
in concent r ic  circles 11 cm apart,  and each circle was 
divided spoke-fashion to form a total  or  48 equal  sigments.  
In the center  of  the apparatus was a cylindrical  wire mesh 
enclosure,  22.5 cm in dia. used to restrain the cat during 
test sessions. Four  plastic drinking cups, 2.25 cm in dia., 
were equally spaced around the enclosure at a distance of  5 
cm f rom the edge of  the cat enclosure.  

If training trials and exposure- to- the-cat  trials were 

administered on the same day,  training trials always pre- 
ceded  exposure  trials. Fol lowing exposure  trials, the  
apparatus was steam cleaned to remove any cat odor .  

Above the arena was a large mirror  used to observe the 
rats. The mirror  was used for be t ter  visibility and to 
minimize  dis tract ion to the animals. 

White noise (db = 70) was present during all trials. In 
addit ion,  on the cat test trial, recorded cat sounds were 
played during the trial. This procedure  was fol lowed 
because the cat would inf requent ly  m e o w  during a trial. 
With the recorded cat sounds, all rats were exposed approx-  
imately equally to this cue. 

Drug Treatments 

There were six drug t rea tments ;  three doses of  scopol-  
amine hydrobromide  (Supplied by Penick and Co., 100 
Church St., N.Y., N.Y., 10007) (SCO 1.2, 0.8 and 0.4 
mg/kg),  two doses of  scopolamine  me thy lb romide  (METH 
1.2 and 0.8 mg/kg)  and physiological saline (SAL). All 
drugs were dissolved in physiological  saline and adminis- 
tered in t raper i toneal ly  in a volume of 1 ml /kg  approx- 
i m a t e l y  30 rain before  testing. Scopolamine  methyl -  
b romide  mimics all of  the peripheral effects  of  scopolamine 
but  has little, if any, effect  centrally [4] .  

The assignment of animals to these drug t rea tments  was 
random, with certain restrictions described in Procedure. 
All behavioral  tests were conducted  blind; one investigator 
administered drugs and a second investigator,  who  had no 
knowledge of  which subject received which t rea tment ,  
tested the animals. 

Procedure 

The exper iment  was run in three replicat ions with treat- 
ment  groups represented p ropor t iona te ly  in each group. 

Training. On Day 1 of training, rats were placed in the 
apparatus in groups of  two,  for periods of  10 rain with no 
reinforcer  present. Beginning on Day 2 and thereaf ter ,  each 
animal was given one 5-rain trial per day with reinforce- 
ment  (32% solut ion of sucrose) available in the four  
drinking cups. In order to expedi te  training, those rats that  
failed to drink on Days 2 and 3 were left  in the apparatus 
overnight  on Day 3 with sucrose and water  available. On 
subsequent  training days, animals that  failed to drink for at 
least 60 of the 300 sec were given an extra trial. All animals 
were given a min imum of six training trials to learn drink- 
ing. For  any animal that had not  accumula ted  300 sec of  
drinking t ime in six trials, training trials were cont inued 
unti l  this cri terion of  300 sec drinking t ime was met .  

Determination of  emotionality. A variety of  approaches 
have been used to assess emot iona l i ty  or t imidi ty  in the rat. 
The measure used in the present s tudy was trials to initia- 
t ion of  consummato ry  behavior  in an open field. Hall [6] 
has repor ted  that  for male rats, trials to ini t ia t ion of  
consummato ry  behavior  had a corre la t ion of  0.96 with days 
defecat ing in an open field. Moreover ,  pilot  work had 
suggested that  the effects  of drug t rea tments  differed 
depending on how fast the animal had begun drinking in 
the arena. This prel iminary work showed that  animals that  
failed to drink in the apparatus unti l  the f if th or sixth day 
of training responded very di f ferent ly  to drug t reatment .  
Accordingly,  animals were divided into two groups: those 
that began drinking before  the f if th day of  training (n = 48)  
were designated low emot iona l  (Low E), and those that  
failed to drink before  the fif th day (n = 34) were designated 
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high emotional (High. E). 
Assignment  to treatments. After animals had been 

classified high or low emotional, they were assigned to drug 
treatments. These assignments were random with the 
following restrictions. In the low emotional group, animals 
were distributed evenly across the six drug treatments with 
any extra animals (over a multiple of six) being assigned to 
the central scopolamine treatments. For the low emotional 
animals, the n's for each treatment were as follows: 1.2 
mg/kg SCO, n = 8; 0.8 mg/kg SCO, n = 10; 0.4 mg/kg SCO, 
n = 10; 1.2 mg/kg METH, n = 9; 0.8 mg/kg METH, n = 9; SAL, 
n = 10. Approximately the same assignment procedure was 
followed for high emotional animals. However, there was 
some problem with cell size, since the percentage of these 
animals in the population was rather low (10-20%).  There- 
fore, a slightly higher proportion of high emotional animals 
was assigned to 1.2 mg/kg SCO, to insure that at least one 
central scopolamine dosage would have a reasonable cell 
size. The n's for the high emotional treatment groups were 
as follows: 1.2 mg/kg SCO, n = 7; 0.8 mg/kg SCO, n = 4; 
0.4 mg/kg SCO, n = 4; 1.2 mg/kg METH, n = 3;0.8 mg/kg 
METH, n = 4; SAL, n = 4. 

Cat test. On the test day, animals were placed individu- 
ally in the apparatus for a 5-min trial, 30 min after injec- 
tion. The procedure for testing was exactly the same as on 
training days. The only difference was that a large male 
house cat was confined in the wire mesh enclosure in the 
center of the apparatus. 

Measures. On the training day immediately preceding the 
test day and on the test day itself, four measures were 
recorded for each animal. (1) Drinking: cumulative time 
during 5-min trial that animal spent drinking from cups 
placed near the cat enclosure; (2 )Approach :  cumulative 
time animal spent, when not drinking, with two front feet 
in the concentric circle nearest the cat (farthest point was 
23 cm from edge of cat's enclosure); (3) Number of lines: 
total number of lines crossed or recrossed irrespective of 
proximity to cat; (4) Freezing: cumulative time animal 
remained rigidly immobile. 

The above measures were not independent. Rather, they 
represent a constellation of responses that, together, serve 
to operationally define the level of fear. Thus, high fear 
would be indicated by suppression of drinking, increased 
freezing and avoidance of the cat. A low level of fear would 
be indicated by more drinking, less freezing and more 
approach to the cat. 

RESULTS 

Analyses paralleling all analyses on test data, were 
performed on baseline data to check for sampling error. 
Comparisons of prospective drug groups revealed no differ- 
ences even approaching significance. 

Comparisons between Low E and High E groups on this 
last day of training showed that there was no significant 
difference in drinking time, freezing or approach. The High 
E group crossed fewer lines than the Low E group; this 
difference approached significance (F = 3.76, d f  = 1/78, 
p<0.056).  These data indicate that after sufficient training 
the high emotional animals had become behaviorally indis- 
tinguishable from low emotional animals on every measure 
except number of lines crossed. 

Fear Test. 

The two groups receiving methyl scopolamine (METH 

1.2 mg/kg and 0.8 mg/kg) did not differ significantly from 
each other or from the group receiving saline (SAL) on any 
measure. Therefore, the data from these groups were 
pooled to form a single control group (CONT) within each 
level of emotionality. The fact that METH and SAL groups 
did not differ on any measure indicates that the results 
described below for scopolamine can not be attributed to 
peripheral actions of that drug. 

The data from the three doses of scopolamine (1.2 
mg/kg, 0.8 mg/kg, and 0.4 mg/kg) were also pooled to form 
one group (SCO) within each level of emotionality. These 
data were pooled because there were no differences at- 
tributable to dose on any measure for High E animals, and 
dosage differences were observed only on selected measures 
for Low E animals. 
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FIG. 1. Mean drinking time (±SEm) during cat test. Data show a 
drug by emotionality interaction: Scopolamine (SCO) increased 

drinking for Low E, but not High E. 

The results of the cat test showed a reemergence of the 
difference between high emotional and low emotional 
animals. The data for drinking time (Fig. 1) and approach 
(Fig. 2) show an interaction between emotionality and drug 
treatment. Under the drug treatment, Low E animals 
showed significantly more drinking time (F = 4.93, d f  = 
1/41, p<0.05) and significantly more approach (F = 6.57, 
d f  = 1/41, p<0.01) than High E animals. In the control 
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t rea tment ,  there was no difference be tween  High and Low 
E animals on ei ther  drinking (F< 1 ) or approach (F< 1 ). The 
in teract ion be tween  drug t rea tment  and emot iona l i ty  was 
significant for approach (F = 4.05, df  = 1/78, p < 0 . 0 5 ) a n d  
approached significance for drinking t ime (F = 3.10, d f  = 
1/78, p<0 .08) .  
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FIG. 2. Mean approach, time rat spent in area nearest the cat while 
not drinking (-+SEm). Data show a drug by emotionality interaction: 
Scopolamine (SCO) increased approach for Low E, but not High E. 

An impor tan t  impl ica t ion of  this in teract ion was that  
the drug had very different  effects depending upon the 
initial emot iona l i ty  of  the animals. As Figs. 1 and 2 show, 
scopolamine a t tenuated  fear reactions for Low E but  not  
High E animals. In the Low E group,  animals t reated with 
scopolamine showed significantly more  drinking in the 
presence of  the cat (F = 9.21, df = 1/54, p < 0 . 0 0 5 )  and 
significantly more approach into the area near the cat (F = 
14.15, df  = 1/54, p<0 .001  ) than animals treated with meth-  
y l scopolamine  or saline. In the High E group,  there was no 
significant difference be tween  animals given scopolamine  
and those given control  t rea tments  for drinking (F<  1) or 
approach (F<  1 ). 

The data for number  of  lines crossed (Fig. 3) and freez- 
ing (Fig. 4) indicate that  the presence of  the cat p roduced  a 
greater suppression of  behavior  in High E animals than Low 
E. Analysis of  the data for number  of  lines revealed a 

significant main effect  of  emot iona l i ty :  High E animals 
crossed significantly fewer lines than Low E (F = 6.76, d r =  
1/78, p<0 .01) .  Analyses of the simple effects showed 
that  this difference be tween high and low emot ional  
animals was a t t r ibutable  to the control  t rea tment .  High E 
animals given control  drugs crossed significantly fewer lines 
than the Low E animals given control  drugs (F = 8.63, d f  = 
1/37, p<0 .01) .  When the comparison was be tween  High E 
and Low E animals given scopolamine,  the difference was in 
the same direct ion but  was not  significant (F = 1.65, df  = 
1/41, p<0 .2) .  

A greater behavioral  suppression for High E animals 
was also found in freezing (Fig. 4). On freezing t ime, the 
main effect  of emot iona l i ty  approached significance with 
High E animals showing more  freezing than Low E (F = 3.73, 
df  = 1/78, p<0 .058) .  Analyses of  the simple effects showed 
that  this difference was a t t r ibutable  to animals in the drug 
groups. In the control  t rea tment ,  both  groups showed a 
high level of  freezing and there was no difference be tween  
Low and High E animals (F<  1), but  in the scopolamine 
t rea tment  Low E animals showed less freezing than High E, 
with the difference approaching significance (F = 3.65, d f  = 
1/41, p<0 .06) .  
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FIG. 3. Mean number of lines crossed (+SEm) during cat test. High 
E animals showed fewer lines crossed than Low E. Scopolamine 

(SCO) increased lines crossed for both groups. 
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FIG. 4. Mean freezing (+-SEm) during cat test. High E animals 
showed more freezing than Low E. Scopolamine (SCO) reduced 

freezing for both groups. 

The data in Figs. 3 and 4 show that scopolamine reduced 
the degree of behavioral suppression elicited by the cat. 
Thus, there were significant main effects, showing that 
animals given scopolamine crossed significantly more lines 
(F = 18.17, df  = 1/78, p<0.001)  and spent significantly less 
time freezing (F = 36.67, df  = 1/78, p<0.001) than animals 
given control treatments. Analyses of simple effects showed 
that scopolamine reduced freezing for both Low E (F = 
37.06, df  = 1/54, p<0.0001) and High E (F = 5.6, df  = 
1/24, p<0.05) animals, and increased the number of lines 
crossed for both Low E (F = 10.02, df  = 1/53, p<0 .01)and  
High E (F = 15.03, dr= 1/24, p<0.01). 

In most of the comparisons, there were no significant 
differences attributable to dosage in either main effects or 
interactions. However, the fact that high emotional animals 
constitute a snlaller percentage of the population resulted 
in very small cell sizes (e.g., n = 4) for doses within the Higl~ 
E group. Thus, further work will be needed to define the 
dose response relationship for High E animals. For the Low 
E animals there was a significant effect of dose on freezing 
(F = 5.12, df  = 2/25, p<0.01)  and on approach (F = 6.88, 
df  = 2/25, p<0.05). Subsequent t-tests suggested that, for 
Low E animals, 0.4 mg/kg SCO was a less effective dose 

than 0,8 mg/kg on both freezing and approach. The mean 
freezing under 0.8 mg/kg SCO was 11 sec, and under 0.4 
mg/kg SCO was 75 sec (t = 2.9, dr= 18, p<0.01). The mean 
approach under 0.8 mg/kg SCO was 128 sec, and under 0.4 
mg/kg SCO was 54 sec (t = 2.86, dr= 18, p<0.05).  The 0.4 
mg/kg dose of SCO was also less effective than the 1.2 
mg/kg dose of SCO on freezing: the mean freezing times 
were 75 sec and 27 sec, respectively (t = 2.37, d f  = 16, 
p<0.05). Since there were no dosage differences on any of  
the other measures, it would be premature to suggest any 
dose-response relationship. 

DISCUSSION 

Animals differed markedly in initiation of consumma- 
tory behavior in an open field. Some animals began 
drinking a sucrose solution on the first or second day of 
training; others required five or six days of training before 
they began drinking. Following Hall [7],  these differences 
were used to divide animals into high and low emotional 
groups. 

In spite of a significant difference in amount of drinking 
across training trials, the high and low emotional animals no 
longer differed by the last day of training, on which base- 
line data were collected. On this baseline trial, high 
emotional animals were behaviorally indistinguishable from 
low emotional animals on all measures except for a slight, 
but not significant, difference in ambulation. Thus, at this 
point in training, it appeared that the initial differences in 
emotionality had been compensated by extra training trials. 
H o w e v e r ,  the differences in emotionality reemerged 
dramatically in the fear test. The high emotional animals 
showed a greater suppression of behavior; they showed 
significantly more freezing and less ambulation than low 
emotional animals. 

Even more important, the initial differences in emotion- 
ality, which had been masked at the end of training, inter- 
acted significantly with drug treatment. Low emotional 
animals given scopolamine showed a reduction of fear on all 
measures, but high emotional animals given scopolamine 
showed only a partial reduction. The Low E rats given 
scopolamine not only showed significantly less freezing 
than Low E rats given control drugs, they also showed 
significantly more approach to the cat and significantly 
more consummatory behavior in its presence. In marked 
contrast, the high emotional animals given scopolamine 
showed a reduction on only the locomotor  measures. The 
differential responses of the High E and Low E animals to 
the scopolamine treatment resulted in a significant drug by 
emotionality interaction. These results demonstrate that 
pretreatment level of emotionality is a variable equal in 
importance to drug treatment in predicting behavioral 
outcome. 

The interaction between scopolamine and emotionality 
can be attributed to actions of the drug on the central 
nervous system. Animals treated with methyl scopolamine~ 
regardless of emotionality, showed the full constellation of 
fear responses and did not differe from saline controls on 
any measure. Since methyl scopolamine mimics all of the 
peripheral actions of scopolamine, it can be assumed that 
these peripheral actions do not account for the reduction of 
fear following scopolamine treatment. 

The present finding of an interaction between drug and 
emotionality is in agreement with previous investigators 
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who  have r epo r t ed  t ha t  drug ef fec ts  on  avo idance  behav io r  
were re la ted to p r e t r e a t m e n t  e m o t i o n a l i t y  of  the  an imal  [ l ,  
8, 9 ] .  In add i t ion ,  the  p resen t  da ta  ind ica te  t ha t  t r a in ing  
m a y  n o t  be  able to  c o m p e n s a t e  for  d i f fe rences  in pre t rea t -  
m e n t  level of  emo t iona l i t y .  

The  p resen t  s t udy  shows f u r t h e r  t ha t  a drug by  e m o t i o n -  
al i ty  i n t e r ac t i on  was p resen t  in avo idance  s i tua t ions  t ha t  
did no t  e m p l o y  shock ,  bu t ,  ins tead ,  used a cat. Thus ,  the  

drug by  e m o t i o n a l i t y  i n t e r ac t i on  is no t  u n i q u e  to a shock  
escape-avoidance  paradigm.  Final ly ,  a drug by  e m o t i o n a l i t y  
i n t e r ac t i on  has been  shown  no t  only  for Maudsley [ 1 ] and 
T r y o n  [9] animals ,  bu t  also for  Wistar a lb inos  [8] and now 
for  Long-Evans  h o o d e d  rats. This indica tes  t ha t  p re t rea t -  
m e n t  level of  e m o t i o n a l i t y  is an i m p o r t a n t  variable in 
research wi th  c o m m o n l y  used s t ra ins  of  rats. 
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