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Abstract 

Male Wistar rats received bilateral Fimbria lesions and were postoperatively housed in either standard social conditions or in 
impoverished conditions (one rat per cage) for 2 weeks in experiment I, and for 7 months in experiment II. The effects of lesion 
and housing conditions wer,~ investigated in the Morris maze spatial orientation task. Fimbria lesions increased the latency to 
reach the platform during acquisition in both experiments, which indicates that functional recovery of the Morris maze impairment 
does not occur in 7 months time. Post-operative impoverishment for 2 weeks or for 7 months reduced the lesion induced deficit 
in Morris maze acquisition, while it had a more general effect in the trial without platform. Interestingly, the impoverishment 
effects were not more severe after 7 months, but even less easily detected. These findings are interpreted as if impoverishment 
affects the reactiveness of a~imals to external stimuli, which may help the animal to compensate for the lesion-induced-deficit in 
Morris maze learning. 
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1. Introduction 

Animals housed singly in small cages (impoverished 
housing condition; IC) differ from those housed with 
other animals (standard housing condition; SC) in mea- 
sures of behaviour. A considerate amount  of studies on 
impoverished housing laas started impoverishment 
before or just after weaning, and variety of effects have 
been reported; IC-rats showed less object contact in an 
open field [-4,6], IC-rats explored more than SC-rats 
[1] ,  IC-rats had deficits in sexual behaviour [-14,15], 
IC-rats weighed more, pr~abably because they ate more 
[1,8] ,  and IC before (but not after) 50 days of age 
impaired radial arm maze learning [5] .  Specifically 
impoverishment during week 4 and 5 decreases social 
interest later in life, and causes deficits in submissive 
behaviours when IC-rats :are placed in the territory of a 
dominant  male (T. Hol, thesis 1994). Einon has shown 
that IC effects on object contact and radial arm maze 
learning could not be induced when rats were first 
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introduced to the impoverished condition after 45/50 
days of age [5,6] ,  but emergence from cover in an open 
field could be affected by impoverishment at any time 
[6] .  Some behaviours seem to be susceptible to impover- 
ishment starting well after weaning; rats impoverished 
at young adult age are slower to extinguish conditioned 
taste aversion [13],  and upon resocialization after a 
period of impoverishment rats show an increase in social 
grooming and approach the other animal more [17]. 
When impoverishment lasts for weeks or even months 
several behavioural differences can be distinguished: rats 
become more aggressive [18],  explore more in a hole- 
board task [7]  and are hyperactive when introduced 
into a novel environment [ 11]. Impoverished housing 
for 2-3 weeks impaired the acquisition of the Morris 
maze spatial orientation task, but these effects were still 
reversible by a period of group housing, periodic expo- 
sure to loud noises or brief periods of physical restraint. 
However, as impoverishment lasted more than 3 weeks, 
the deficit grew more severe, and became increasingly 
harder to reverse [28].  

The possibility to induce impoverishment effects in 
mature rats may have consequences for brain damage 
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studies, since this type of restriction may affect the 
behaviour of a rat with a lesion. It is notable that 
impoverished housing is often used inadvertently in 
experiments which use brain lesions or canulae as a 
consequence of the surgical procedure, and which investi- 
gate behaviour (e.g. [16,25,27,29]). Since it is generally 
accepted that post-operative housing in enriched envi- 
ronments can affect behavioural deficits after cortical 
and hippocampal lesions [3,9],  the present study con- 
cerned itself with the possible effects of postoperative 
impoverishment after a fimbria lesion. Lesions to the 
Fimbria, as well as slightly larger lesions to the Fimbria- 
Fornix disrupt spatial learning in several tasks 
[2,21,22,25,27] (note: in some of these studies rats were 
housed individually), and this effect is still present after 
7 months [33]. In the present study, rats with a Fimbria 
lesion were housed immediately after surgery in impover- 
ished conditions for a short period (2 weeks) in experi- 
ment I, and subjected to long-term impoverishment (7 
months) in experiment II. Subsequently they were tested 
for housing effects on their spatial learning ability in the 
Morris maze. 

2. Materials and method 

2.1. Animals 

The subjects were 73 Male Wistar rats (R.M.I live- 
stock, Utrecht). Upon arrival at the laboratory they 
were placed for 2 weeks into standard conditions prior 
to surgery, to habituate them to their new surroundings. 
Their day night cycle was reversed (low red light from 
8.00 hours to 20.00 hours) and the temperature kept 
constant at 21_+2°C. Food (standard rat chow) and 
water was provided ad libitum. All animals were handled 
twice a week during cage maintenance. 

2.2. Surgery 

Fimbria lesion (Fim). The rats (_  200 g) were anaes- 
thetized with an intramuscular injection of Hypnorm 
(Duphar, Weesp, NL) which contains flunisone 
(10mg/ml) and pentanylcitrate (0.2mg/ml) prior to 
surgery. The head was fixed in a stereotactic apparatus. 
The nose clip was elevated + 4.0 mm resulting in a slope 
of the skull of 30 ° varying from horizontal. A mechanical 
lesion, using a specially designed knife, was made 
through a groove in the skull, position 0.5 mm anterior, 
3.0 mm lateral from Bregma to 1.0 mm posterior, 1.5 mm 
lateral to Bregma (adapted from [20]). The transection 
was placed from caudo-medial to rostro-lateral at a 
depth of 5.5 mm below the skull surface. The fimbria 
was bilaterally transected during this procedure: the 
fornix remained intact. (Sham operations consisted of 

skin incising and drilling of the skull; the cortex was not 
damaged.) 

2.3. Post-operative environments 

After surgery rats were either placed pairwise in a 
standard macrolon cage (42 x 26 x 15 cm, with a metal 
top), referred to as standard condition: SC, or alone in 
a small macrolon cage (26 x 20 x 13 cm with a metal 
top) referred to as impoverished condition: IC. The rats 
remained in these conditions for 2 weeks in experiment 
I, and for 7 months in experiment II. Group size was in 
Exp.I: Sham/SC n=8 ,  Sham/IC n =  11, Fim/SC n=9 ,  
Fim/IC n = 10, and in Exp.II: Sham/SC n = 7, Sham/IC 
n = 10, Fim/SC n =  8, Fim/IC n---10. The rats remained 
in these conditions throughout the testing period. All 
cages were transported to the room which contained the 
Morris maze 3 days before testing began and remained 
there throughout the experiment. 

2.4. Apparatus and task 

Morris maze. A Morris maze apparatus was used with 
a black pool (diameter 200 cm, depth 40 cm) filled with 
water (temperature 27°C_ I°C). Low red light condi- 
tions resulted in a black water surface in which the black 
platform could not be detected. In quadrant 1 of four 
fixed quadrants a black escape platform (a cylinder 
QS10 cm, 30 cm high) was placed 1 cm below the surface. 
Cues were provided by two white boards with black 
signs placed around the rim of the pool. Observations 
were made using an automated system described below. 

Acquisition. All rats received 16 trials during acquisi- 
tion training, 4 trials each day on four consecutive days 
with an intertrial interval of 10 min. A rat was entered 
facing the wall at random on one of four entrypoints, 
and allowed to swim for 120 s. The latency till the rat 
mounted the platform was recorded. If the rat failed to 
find the platform within 120 s it was guided there by 
hand (latency was set at 120 s) and allowed to remain 
on the platform for 30 s. 

Probe trial (= trial without platform). On the fifth day 
the platform was removed. All rats entered at a fixed 
point and allowed 60 s to swim, during which their 
swimming pattern was recorded by the automated 
system. During analysis the time and travelled distance 
in the quadrant which had previously contained the 
platform was measured. 

2.5. Automated motion tracking system 

The output of the video camera, mounted above the 
Morris maze, was directly fed into a computerized image 
analysis system that records the rats position approxi- 
mately twice per second. The test arena can be divided 
into zones, and the time and travelled distance per zone 
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can be quantified. For a detailed description of the 
system see [23].  

2.6. Statistical analysis 

All data were imported into the SYSTAT software 
package. The Morris maze acquisition was analysed 
with a two-way analysis of variance (ANOVA) with 
repeated measurements over the factors Housing (SC 
and IC) and Lesion (Sham versus Fimbria lesion), 
followed in case of significance by a post-hoc Tukey 
HSD test for each day separately. The data from the 
probe trial was analysed using a two-way ANOVA, over 
the factors Housing and ]Lesion. 

3. R e s u l t s  

3.1. Experiment I: 2 weeks impoverishment 

The latency to reach the platform over the 16 acquisi- 
tion trials is shown in Fig. 1, which depicts means of 
four trials. Rats with a Fimbria lesion (Fim) had signifi- 
cantly longer latencies tlaan rats with a sham lesion 
(F(1,33)= 35.797, P<0.001) .  IC rats had shorter laten- 
cies than SC rats (housing effect F(1,33)=14.799, 
P<0.001);  but the interaction between Lesion and 
Housing was not significant. One-way ANOVAs per 
time interval yielded significant group effects over all 
days (P <0.01) Post-hoc Tukey HSD tests revealed that 
on day 3 and 4 Fim/SC rats differed from sham-operated 
rats and Fim/IC rats (Fim/SC-Sham/SC day 3: P < 0.001, 
day 4: P < 0.001, Fim/SC-Sham/IC day 3: P < 0.001, day 
4: P<0.001,  F im/SC-Fim/IC day 3: P<0.05,  day 4: 
P<0.05) .  IC-Fim and -Sham rats did not differ signifi- 

cantly. This indicates that isolation could reduce the 
lesion induced deficit in Morris maze acquisition. 
Impoverishment appeared to affect both Sham and Fim 
animals; there was a slight but significant difference of 
latency in IC-Sham rats when compared to SC-Sham 
rats on day 1 (Tukey HSD: P<0.01) .  

In the probe trial the travelled distance and the time 
spent in the quadrant  which previously contained the 
platform were quantified (Fig. 2 and Fig. 3). Rats with 
a fimbria lesion spent less time in the quadrant  than 
sham rats (F(1,33)--8.12, P<0.01) .  There was no sig- 
nificant difference in travelled distance in this area. IC 
rats spent more time in the quadrant  (F(1,33)--12.9, 
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Fig. 2. Mean travelled distance in Quadrant 1 in the Morris maze 
(in cm)_+SEM, for each group during the trial without platform. 
Quadrant 1 held the platform during acquisition trials. Impov- 
erishment lasted for 2 weeks after the lesion. Sham, sham lesion; Fim, 
fimbria lesion; SC, rats were housed in standard conditions; IC, rats 
were housed impoverished. Group sizes were Sham/SC n= 8 (open 
bar), Sham/IC n= 11 (hatched bar), Fim/SC n=9 (gray bar), Fim/IC 
n = 10 (vertically striped bar). 
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Fig. I. Mean latencies (in s)_+SEM, to reach the platform in the 
Morris maze for each group per day. Each day depicts a mean of four 
trials. Impoverishment lasted for 2 weeks after the lesion. Sham, sham 
lesion; Fim, fimbria lesion; SC, rats were housed in standard 
conditions; IC, rats were housed impoverished. Group sizes were 
Sham/SC n=8 (©), Sham/IC n=11 (O), Fim/SC n=9 (A), Fim/IC 
n = 10 (A). 
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Fig. 3. Mean time spent in Quadrant 1 in the Morris maze (in 
s) + SEM. for each group during the trial without platform. Quadrant 
1 held the platform during acquisition trials. Impoverishment lasted 
for 2 weeks after the lesion. Sham, sham lesion; Fim, fimbria lesion; 
SC, rats were housed in standard conditions; IC, rats were housed 
impoverished. Group sizes were Sham/SC n = 8 (open bar), Sham/IC 
n--11 (hatched bar), Fim/SC n=9 (gray bar), Fim/IC n=10 
(horizontally striped bar). 
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P <0.001), and had a higher travelled distance than SC 
rats (F(1,33)= 18.158, P<0.001). There was no signifi- 
cant interaction between housing and surgery. 

3.2. Experiment II: 7 months impoverishment 

Rats with a fimbria lesion had been allowed 7 months 
for recovery, during which they were housed in SC or 
in IC. The latency to reach the platform is shown in 
Fig. 4. In spite of these 7 months animals with lesions 
were still impaired in Morris maze acquisition (F( 1,31) = 
15, P < 0.001). A two-way ANOVA with repeated meas- 
urements did not yield any significant effect of hous- 
ing condition, nor an interaction Housing x Lesion. 
However, the largest differences could be observed on 
the second half of the task. One way ANOVA's over 
each day did reveal group differences on day 2, 3 and 4. 
Post-hoc Tukey HSD tests were performed. On day 2 
Fim/IC differed from Sham/IC (P<0.05). On day 3, 
Fim/SC had higher latencies than all three other 
groups (Fim/SC-Sham/SC P<0.01, Fim/SC-Sham/IC 
P<0.001, Fim/SC-Fim/IC P<0.05). Fim/IC did not 
differ significantly from either sham group. On day 4 
Fim/SC had higher latencies than both sham groups 
(Fim/SC-Sham/SC P < 0.06, Fim/SC-Sham/IC P < 0.01). 
There was no significant difference between Fim/IC and 
all three other groups, indicating that the measures for 
this group were intermediate. In the probe trial (Fig. 5 
and Fig. 6) the impairment of rats with a fimbria lesion 
could be detected: their travelled distance in the correct 
quadrant was shorter (ANOVA: F(1,31)--- 6.105, 
P<0.05). There was a significant effect of housing on 
the travelled distance in quadrant 1 (F(1,31)--- 4.442, 
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Fig. 4. Mean latencies (in s )_SEM,  to reach the platform in the 
Morris maze for each group per day. Each day depicts a mean of four 
trials. Impoverishment lasted for 7 months after the lesion. Sham, 
sham lesion; Fim, fimbria lesion; SC, rats were housed in standard 
conditions; IC, rats were housed impoverished. Group sizes were 
Sham/SC n = 7 (©), Sham/IC n = 10 (O), Fim/SC n = 8 (A), Fim/IC 
n = ~o (,t). 

400  

300 

200 

100 

groups 

A 

E 

o 
0 ,,- 
¢~ 

,~ 
,~ 
_~ 
i~ 

Fig. 5. Mean travelled distance in Quadrant 1 in the Morris maze 
(in cm)___SEM, for each group during the trial without platform. 
Quadrant 1 held the platform during acquisition trials. 
Impoverishment lasted for 7 months after the lesion. Sham, sham 
lesion; Fim, funbria lesion; SC, rats were housed in standard 
conditions; IC, rats were housed impoverished. Group sizes were 
Sham/SC n = 7 (open bar), Sham/IC n = 10 (hatched bar), Fim/SC n = 
8 (gray bar), Fim/IC n = 10 (horizontally striped bar). 
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Fig. 6. Mean time spent in Quadrant 1 in the Morris maze (in 
s) + SEM. for each group during the trial without platform. Quadrant 
1 held the platform during acquisition trials. Impoverishment lasted 
for 7 months after the lesion. Sham, sham lesion; Fim, fimbria lesion; 
SC, rats were housed in standard conditions; IC, rats were housed 
impoverished. Group sizes were Sham/SC n = 7 (open bar), sham/IC 
n=10  (hatched bar), Fim/SC n = 8  (gray bar), Fim/IC n = 1 0  
(horizontally striped bar). 

P<0.05) as well. However, the time in the correct 
quadrant failed to reach significance for both factors. 

4. D i s c u s s i o n  

The present study demonstrates that lesioning of the 
Fimbria impaired the performance in the Morris maze, 
and that after a 7-month post-operative period no 
functional recovery had occurred. These findings are 
consistent with reports about impairments in spatial 
orientation tasks after lesions to the fimbria [27], tim- 
bria-fornix [19,21,22,29] and hippocampus [18]. 
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Post-operative impoverishment for 2 weeks reduced 
the lesion-induced deficit in Morris maze acquisition, 
while it had a more general effect in the trial without 
platform, where it raised the time and travelled distance 
in the platform quadrant independent of the lesion. The 
effects of long-term impoverishment (7 months) are 
similar to those after 2 weeks; a slight reduction of the 
latency to reach the platform of rats with lesions during 
acquisition, and a general effect on the travelled distance 
in the trial without platfc~rm. However, the impoverish- 
ment effects were not more severe after 7 months, but 
even less easily detected. This is in contrast with the 
expectations, based on t~te report by Wade and Mater, 
that impoverishment for 2-3 weeks impaired Morris 
maze performance of rats without a lesion, and these 
deficits grew more severe as the period of impoverish- 
ment increased [28]. After long-term impoverished 
housing rats develop an array of behavioural changes, 
including, amongst others, increased aggression [ 14,26], 
high locomotor activity [112] and altered social behavi- 
our [ 17]. Several authors have contributed the impover- 
ishment effect to a 'hyperreactivity to environmental 
stimuli' or 'hyperarousal' [6,10,14]. Wade and Mater 
concluded that the Morris maze task may have 
interacted with the exaggerated arousability of the rats, 
and the subsequent level of arousal was detrimental to 
learning. 

A close inspection of the experimental methods shows 
that Wade and Mater's circumstances of isolation are 
further along the line of impoverishment of the environ- 
ment than the ones usedl in the present study. In their 
settings the isolates are barely handled, ours are handled 
twice a week. Their rat:s are housed on a wire mesh 
bottom, and thus lack the experience to manipulate 
sawdust. Their rats are kept free of disturbances other 
than cage maintenance, our animals were housed in a 
well-used stable. As a consequence their isolation may 
well result in a higher level of arousal. This may explain 
the discrepancy in result:s, since a slight level of arousal 
may be beneficial to the performance, if the increase in 
general reactivity causes the rat to swim around more 
(as may be deduced from the trial without platform data, 
where IC in general increased the time and travelled 
distance of the rats); while exaggerated arousal would 
interfere overly much with the learning process. 

It is also interesting to note that the Morris maze 
performance of Wade and Mater's rats was probably 
guided by external cues, and an increased reactivity to 
all (relevant and non-relevant) cues may have worked 
distracting. However, the fimbria lesion directly disrupts 
cue-oriented spatial learning [27]. Rats with either a 
hippocampal lesion or a fimbria(-fornix) lesion may 
supposedly improve their performance in the Morris 
water maze task by using a non-hippocampal mediated 
search strategy [18,24,30]. It may be argued that 
because rats with a fimbria lesion are not supposed to 

use the cues, their performance could not deteriorate by 
overt distraction. Even though this may serve to explain 
why no impairment of Morris maze performance was 
found in the present study, it fails to elucidate the 
observed beneficial effect of IC in rats with a lesion. 

Even though the explanations for the impoverishment 
effect are still highly speculative, the presence of an effect 
has consequences for the methodological design of lesion 
studies in general. Animals are often housed singly after 
an operation (e.g. [16,25,27,29]), without consideration 
for the possible effect of housing conditions on behavi- 
our. This may lead to a wrong interpretation of the 
symptoms seen after the lesion. In a design similar to 
the present study it may even have led to a false 
assumption of functional recovery of the lesion-induced 
deficit. 

It is well-known that post-operative housing in 
enriched environments can affect behavioural deficits 
after cortical and hippocampal lesions [3,9,31,32]. In a 
different study we have shown in an experiment some- 
what similar to the design of the present study that post- 
operative environmental enrichment (lasting 6 weeks) 
could also attenuate the Morris maze deficit arising after 
a fimbria-fornix lesion [34]when animals with a lesion 
were compared to standard housed animals. Thus it 
seems that both impoverishment and enrichment can 
affect the Morris maze performance of animals with a 
lesion of the fimbria fornix when compared to standard 
housed animals. However, mostly the effects of impover- 
ishment and enrichment are in opposite directions; for 
instance in a study by Will and Kelche [31] where 
impoverished rats with a hippocampal lesion performed 
worse in a shuttle box avoidance task when compared 
to both standard housed rats and enriched rats with the 
lesion. It is, however, interesting that Will and Kelche 
[32] reported that enrichment and impoverishment of 
rats with a hippocampal lesion had an opposite effect in 
either a standard Morris maze or a dry version of the 
maze where a food cup with pellets was hidden under 
sawdust in a comparable arena. In the standard Morris 
maze the deficit was much larger in enriched animals 
when compared to impoverished. Thus a relative benefi- 
cial effect of impoverishment was found. However, in 
the dry version enriched animals with a dorsal hippo- 
campal lesion performed at sham level whereas the 
performance of impoverished animals with a lesion was 
impaired. They concluded that the differential effect may 
have been caused by the different functional demands of 
the two tasks. Both required spatial memory, but the 
motivational, time, response and sensory characteristics 
did vary greatly. The 'wet' test, where impoverishment 
seemed to have a positive effect, is considered more 
stressful than the 'dry' version, where impoverishment 
had no positive effect. This may indicate that impover- 
ished animals are better able to react to a stressful 
situation. This test also shows that even though both 
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housing conditions can affect the performance of animals 
with brain lesions, the effects of each housing condition 
possibly do not rely on the same principle. The effect of 
enrichment is often supposed to rely on an enhancement 
of the adaptive capacity of the animals [9] which could 
help the animals with a lesion to switch more easily to 
alternative search strategies [34], but whereas the effect 
of impoverishment, though not fully understood, may 
rely on a difference in arousability, a different reaction 
to stress or a higher reactivity to cues [6,10,14]. 
However, it is not clear from the present data whether 
the impoverished rats may have also used the alternative 
search strategy mentioned in the enrichment study, since 
the search pattern of the animals has not been studied 
in greater detail. 
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