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Female rats were inferior to age- and weight-matched males in the retention of a step-through type passive avoidance 
response 24 and 48 hr after the learning. This sex difference could be observed at different intensities of foot shock which 
was used as aversive stimulus during the single learning trial. Additionally, unlike in males, retention of the passive 
avoidance response in the females was not the function of shock intensity. Male and female rats, however, showed similar 
passive avoidance if tested immediately after the learning trial. The results suggest the existence of sexual dimorphism in 
memory processes. 

Passive avoidance Sexual dimorphism Body weight Age Shock intensity Retention interval 

S E X U A L  dimorphism in sexually unrelated behaviors has 
been often observed in rodents. In active avoidance situa- 
toins, female rats acquire the response quicker and are more 
resistant to extinction than males [3, 4, 7, 9, 11, 14]. In con- 
trast, passive avoidance behavior of female rats is inferior to 
that of  males [5, 9, 17]. Passive avoidance retention of male 
rats is a function of shock intensity, shock duration and the 
learning-retention interval [1]. Reactivity to electric foot 
shock also is related to the sex [3, 8, 12, 15], body weight and 
age [16]. Since differences in reactivity to foot shock, which 
is used as aversive stimulus at the learning, may influence 
later retention of a passive avoidance response, the present 
experiments were designed to investigate sexual dimorphism 
in the retention of a passive avoidance response in relation to 
body weight, age, shock intensity and learning-retention 
interval. 

METHOD 

Animals 

A total of 54 female and 78 male SPF Wistar rats (Cpb. 
TNO, Zeist, The Netherlands) were used. The rats were 
housed in groups of 3 during the experiments and were 
supplied with ad lib standard laboratory food and water. The 
light was on between 5:00 a.m. and 19:00 p.m. and the behav- 
ioral tests occurred between 14:00 and 18:00 p.m. 

Apparatus 

Passive avoidance behavior was studied in a step-through 
type apparatus as described by Ader et al. [1]. Briefly, a 
mesh-covered elevated runway was attached to the front 
centre of  a large compartment measuring 50x50x50 cm. It 
was constructed of black Plexiglas and equipped with grid 
floor. The opening between the runway and the large com- 
partment was separated by a guillotine door. A 25 W lamp 
illuminated the runway and the large compartment remained 
dark. The experiments were performed in a sound- 
attenuated chamber which was dark except for the illumina- 
tion of  the runway. 

Procedure 

On Day 1 the rats were adapted to the large dark com- 
partment for 2 min with the guillotine door closed. This was 
immediately followed by a trial in which the rat was placed 
on the runway facing away from the dark compartment and 
allowed to enter the dark. Three more approach trials were 
given on Day 2 with an intertrial interval of  minimally 5 min. 
The rats were kept in the dark compartment for 10 sec upon 
lowering the guillotine door. The last of these trials was fol- 
lowed by a single 2 sec unavoidable scrambled foot shock 
immediately after entering the dark compartment.  The in- 
tensity of shock was 0.5 mA, AC, unless otherwise stated. 
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The retention of the passive avoidance response was tested 
24 and 48 hr after the learning trial. The subject was placed 
on the elevated runway and the latency to re-enter the dark 
compartment was recorded up to a maximum of 300 sec. In 
one experiment retention was tested in separate groups of 
rats 1, 30 or 180 min after the learning trial. 

Statistical Procedures 

Nonparametric statistics of Mann-Whitney and 
Kruskal-Wallis were used to calculate the significance of 
differences. 

RESULTS 

Table 1 summarizes the observations on passive avoid- 
ance behavior of two weight- and one age-matched groups of 
female and male rats. The latencies to approach the dark 
compartment prior to the learning trial were somewhat 
longer in all males than in females. The differences however 
were not significant. Passive avoidance latencies of all male 
groups were always significantly longer than in females both 
at the 24 and 48 hr retention tests when the shock intensity 
was 0.50 mA for 2 sec during the learning trial. Avoidance 
latencies were not different within the different groups of 
female and male rats. 

Table 2 depicts the passive avoidance retention behavior 
of female rats and their weight- and age-matched male coun- 
terparts when different shock intensities were used at the 
single learning trial. The approach latencies, like in the 
former experiment, did not differ significantly. These data 
are therefore omitted from the Table. The latencies to re- 
enter the dark compartment were always shorter in females 
than in the weight- or age-matched male rats. The differences 
were significant except of the groups receiving foot shock 
with the intensity of 0.25 mA. An analysis of the data in 
relation to the intensity of foot shock indicated that passive 
avoidance latencies of both weight- and age-matched male 
rats significantly depended on the shock intensity (p<0.05; 
Kruskal-Wallis test). The higher the shock intensity was, the 
longer avoidance latencies were observed. A similar relation 
to shock intensity was absent in the females. Median 
avoidance latencies were almost indistinquisable at the 

shock intensities of 0.25, 0.50 and 0.75 mA. A significant 
difference was however found between the 0.25 and 1.0 mA 
groups but at the 24 hr retention test (/9=0.05; Mann- 
Whitney test). 

Table 3 shows that, comparably to age-matched males, 
female rats displayed maximal passive avoidance (300 sec) 
when tested 1 min after the learning trial. However, signifi- 
cantly shorter avoidance latencies were observed in the 
females when the learning-retention interval was 30 or 180 
min. 

DISCUSSION 

The present observations suggest that mature female rats 
display poorer passive avoidance behavior in a step-through 
type situation than male rats. This sexual dimorphism is in- 
dependent of factors such as body weight, age (at least 
within the limit of this study) and the intensity of foot shock 
which was used as aversive stimulus during the single learn- 
ing trial. Accordingly, weight- and age-dependent differ- 
ences in reactivity to foot shock [ 16] cannot explain the sex- 
ual dimorphism in passive avoidance behavior. Our obser- 
vations however pointed to the importance of the learning- 
retention test interval. Female rats showed maximal passive 
avoidance retention shortly after the learning similar to 
males of the same age. This may indicate that learning of the 
response is not principally different in males and females but 
sexual dimorphism exist in the retention of the learned re- 
sponse even 30 min after learning. The inferiority of female 
rats in this passive avoidance situation is not easily explained 
by sex dimorphism in activation, inhibition, fear or emo- 
tionality (see [2]). Passive avoidance performance may be 
inversely related to sex. Female rats show superior passive 
avoidance performance--e.g, suppression ratio---when on- 
going operant behavior is suppressed by the presence of 
aversion stimulation [ 10,18]. Conversely, female rats display 
inferior passive avoidance behavior when the retention of 
the response is not measured immediately after the aversive 
experience [5, 6, 9, 17]. The present observations agree with 
these studies. 

One-trial learning passive avoidance paradigms are often 
used to study memory processes. Consolidation of experi- 

TABLE 1 
THE EFFECTS OF WEIGHT AND AGE ON THE RETENTION OF A ONE-TRIAL LEARNING PASSIVE 

AVOIDANCE RESPONSE IN FEMALE AND MALE RATS* 

Groups Sex Body weightt Approach latency$ Avoidance latency§¶ 
24 hr 48 hr 

Weight-matched Female 141. (52) 17. 50.# 20.5# (6) 
Male 157. (47) 28.5 269. 162. (6) 

Female 195. (84) 22. 78.# 50.# (6) 
Male 201. (56) 26. 300. 262. (6) 

Age-matched Female 158. (60) 13. 59.# 72.5 (6) 
Male 243. (60) 25.5 300. 300. (6) 

*Shock intensity at the learning trial: 0.25 mA for 2 sec. 
tMean in grams. 
SMedian total latency of the 2nd, 3rd and 4th approach trials in sec. 
§Median in sec. 
¶Retention test 24 respectively 48 hr after the learning trial. 
#p<0.01 (Mann-Whitney test). 
The age in days and the number of rats in brackets. 
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T A B L E  2 

THE EFFECT OF SHOCK INTENSITY ON THE RETENTION OF A PASSIVE AVOIDANCE 
RESPONSE IN FEMALE AND WEIGHT- OR AGE-MATCHED MALE RATS 

Shock intensity Sex Group Body weight* Avoidance latencyf* 
24 hr 48 hr 

0.25 mA Female 158. (60) 27.5 13.5 (6) 
Male Weight-m. 163. (49) 85. 36. (6) 

Age-m. 254. (65) 53. 58.0 (6) 

Female¶ 158. (60) 59.§ 72.5§ (6) 
Male Weight-m.¶ 157. (47) 269. 162. (6) 

Age-m. 254. (63) 300. 300. (6) 

0.75 mA Female 167. (63) 35.5§ 6.§ (6) 
Male Weight-m. 183. (52) 300. 300. (6) 

Age-m. 226. (59) 300. 300. (6) 

1.00 mA Female 145. (52) 160.§ 39.§ (6) 
Male 164. (48) 300. 300. (6) 

198. (56) 300. 300. (6) 

0.50 mA 

Weight-m. 
Age-m. 

*Mean in grams 
fMedian in sec. 
:~Retention test 24 respectively 48 hr after the learning trial. 
§p <0.01 (Mann-Whitney test). 
¶Data from Table 1. 
The age in days and the number of rats in brackets. 

T A B L E  3 

SHORT-TERM RETENTION OF A PASSIVE AVOIDANCE RESPONSE IN FEMALE AND 
AGE-MATCHED MALE RATS 

Learning-retention interval* Sex Body weightf Retention latency:~ 

1 min Female 136. (51) 300. 
Male 228. (60) 300. 

30 min Female 131. (50) 43.§ 
Male 232. (58) 300. 

180 min Female 142. (53) 71.§ 
Male 225. (59) 300. 

(6) 
(6) 

(6) 
(6) 

(6) 
(6) 

*Shock intensity at the learning trial: 0.50 mA for 
fMean in grams. 
~Median in sec. 
§p<0.05 (Mann-Whitney test). 
Number of rats in brackets. 

ence  takes place in the first post learning hours and the stor- 
age o f  information may determine  later pe r fo rmance  [13]. 
Fema le  rats were  comparable  to males immedia te ly  after  
learning but became  inferior  f rom 30 min in. Fur thermore ,  a 
basic character is t ic  of  pass ive  avoidance  behav io r - - i . e ,  the 
relat ion be tween  the rate of  re tent ion and shock in t ens i ty - -  
which is p rominent  in male rats [1] is absent  in females .  
These  observat ions  may indicate that  consol idat ion and/or  

2 sec. 

retr ieval  processes  are sexually dimorphic.  This hypothesis  
may  h o w e v e r  be premature .  Sexual  d imorphism in explora-  
tory act ivi ty  (see for ref. [2]) might have interfered with pas- 
sive avoidance  per formance  which served  as the measure  of  
memory .  Therefore ,  the m e m o r y  hypothesis  and the causes  
for differences in pass ive  avoidance  behavior ,  in part icular  
as a result  o f  differences in hormonal  profils, are fur ther  
invest igated.  
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