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DE BRABANDER, J. M., J. P. C. DE BRUIN AND C. G. VAN EDEN. Ineffectiveness of  GM1 and 0RG2766 on 
behaviourai recovery after prefrontal cortical lesions in adult rats. PHARMACOL BIOCHEM BEHAV 44(3) 565-572, 
1993.-This study examines whether treatment with GMI ganglioside or the corticotropin (ACTH)(4-9) analogue ORG2766 
can facilitate the behavioural recovery of adult rats with medial prefrontal cortex (mPFC) lesions, as animals are impaired in 
their food hoarding and spatial delayed alternation performance following mPFC lesions. No ameliorating effects of GMI 
treatment on performance of these behaviours were observed. Although treatment with ORG2766 somewhat improved the 
hoarding performance of lesioned animals, the intermediate amount of pellets hoarded was not significantly different from 
that of eithor sham-operated or vehicle-treated lesioned rats. No effect of ORG2766 treatment was observed in the spatial 
delayed alternation test. Further, no changes were detected in the mesocortical dopamine innervation, presumed to be involved 
in the neural mechanism of behavioural sparing, in response to either treatment. 
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DAMAGE to the CNS may be followed by compensation 
of the damage and even recovery of function (11,12,19, 
28,29,31,32,42). Various factors are known to contribute to 
recovery of function, including some pharmacological com- 
pounds [for a review, see Stein and Sabel (49)]. Two such 
active agents are GMI gangiioside and the corticotropin 
(ACTH)(4-9) analogue ORG2766. Studies carried out in sev- 
eral laboratories reported that administration of either GMI 
or ORG2766 can exert beneficial effects after damage to the 
peripheral nervous system (9,16,46,54) or the CNS (17,20, 
24,36,38--40,45,47,51,52,57,59,60). 

It is known that damage to the prefrontal cortex (PFC) in 
adult animals results in impairment of several behavioural 
tasks (6,15,25). Such tasks may either be species typical, for 
example, the rat's food hoarding performance, or present 
across species and involve learning and memory, for example, 
spatial delayed alternation. However, behavioural sparing fol- 
lowing PFC damage has been observed: Lesions inflicted on 
neonatal animals may be followed by complete sparing of 
function, as tests in adulthood have shown (2,6,14,26). Recov- 
ery has also been observed after medial PFC (mPFC) lesions 
in adults made serially in two stages but not when similar 
lesions were made in one stage (5,12,35). In previous studies, 

we reported that partial mPFC damage in early life results 
in complete functional sparing in adulthood. This sparing is 
accompanied by a pronounced increase in the mesocortical 
dopaminergic innervation in the remaining mPFC, ventral of 
the lesion site (7,8). Such an increased dopaminergic inner- 
vation was not observed in animals with mPFC lesions 
performed in adulthood. These animals showed behavioural 
deficits. These data on functional recovery following either 
neonatal mPFC damage or serial lesions in adulthood indi- 
cate that the prefrontal system has a capacity for functional 
compensation and that dopamine (DA) may be involved 
in the neural mechanism of behavioural sparing. However, 
for one-stage adult lesions such a capacity has not yet been 
reported. 

In the present study, we examined whether recovery of this 
behaviour can be facifitated by administering either GM1 or 
ORG2766. Both GM1 and ORG2766 have been shown to have 
positive effects on neuronal repair after damage of dopamin- 
ergic systems in adulthood (18,30,43,51,52,57,59,60). There- 
fore, these two agents were used in the present study. Conse- 
quently, we investigated whether dopaminergic innervation 
increased as a result of treatment with either GM1 or 
ORG2766. 

m To whom requests for reprints should be addressed. 
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METHOD 

Animals 

All 42 rats used in the present study were males of the 
random-bred albino Wistar strain (CPB-WU), obtained from 
Harlan TNO (Zeist, The Netherlands). Upon arrival, they 
were 7 weeks old, weighing approximately 190 g. They were 
housed in large Macrolon cages (75 x 55 x 23 cm) in groups 
of three or four. Food (standard rodent food pellets, Hope 
Farms, Woerden, The Netherlands) and water were available 
ad lib. Surgery was performed when animals were about 8 
weeks old. One week later, food intake was reduced to 15 g 
pellets per animal per 24 h. This food deprivation schedule, 
continued throughout the whole testing period, is known to 
limit body weight of  rats to approximately 85070 of  their free- 
feeding body weight. After a recovery period of  2 weeks, ani- 
mals, now 10 weeks old, were tested behaviourally. Animals 
were kept at a 12 L : 12 D cycle (lights on from 1530-0330 h). 
All behavioural testing was performed during the dark period 
and with a radio softly playing to eliminate disturbing effects 
of background noises. The temperature was between 22 and 
24°C and the relative humidity between 50 and 60070. 

Surgery and Treatment 

Each rat was randomly assigned to one of the following 
four groups: sham operates treated with vehicle (S, n = 8), 
lesioned rats treated with vehicle (L, n = 11), lesioned rats 
treated with GMI ganglioside (L + GMI,  n = 12), or le- 
sioned rats treated with ORG2766 (L + ORG2766, n = 11). 
Because the vehicle and injection schedules were different in 
the GMI and ORG2766 groups, both the S and L vehicle 
groups were divided into two distinct groups: They were in- 
jected either IM with the GMI vehicle phosphate buffer (S, 
n = 4; L, n = 6) or SC with the ORG2766 vehicle saline (S, 
n = 4; L, n = 5). GM1 (Fidia Research Laboratories, Abano 
Terme, Italy) was dissolved in 0.01 M phosphate-buffered sa- 
line (pH 7.5) and injected 30 mg/kg IM beginning 3 days 
before surgery and continuing daily until day 14 postlesion. 
ORG2766 (Organon, Oss, The Netherlands) was injected SC, 
2/~g per animal dissolved in 0.5 ml saline, beginning on the 
day of surgery and then seven times every other day. Surgery 
was performed when rats were 8 weeks old. Animals were 
anaesthetised with Hypnorm (0.1 ml/100 g body weight, IM; 
Janssen Pharmaceutica, Beerse, Belgium). The surgical proce- 
dures have been described in detail in De Brabander et al. (6). 
Briefly, in S, L, L + GM1, and L + ORG2766 animals the 
anterior sinus sagittalis superior was llgated. In L, L + GM1, 
and L + ORG2766 animals, the medial part  of the PFC was 
bilaterally removed using a suction cannula. After the opera- 
tion, animals were put back in their cages, each cage contain- 
ing a combination of S, L, L + GM1, and L + ORG2766 
animals. 

Behavioural Testing 

Two weeks after surgery, when administration of vehicle, 
GM 1, or ORG2766 was finished, the behavioural testing pro- 
cedure began. Animals were first tested in an open field, fol- 
lowed by tests for food hoarding and spatial delayed alterna- 
tion. These tests were carried out in the same way as described 
previously in De Brabander et al. (6) and Stare et al. (48). 
They will, therefore, be described only briefly. 

Open field. To measure locomotor and exploratory activ- 
ity, rats were placed in a circular open field (diameter 82 cm) 

for 5 min. The following data were collected: frequency of  
line crossings and frequency of rearing. 

Food hoarding. Food hoarding tests began the day follow- 
ing the open-field test and were run every other day for 4 
testing days. The apparatus consisted of  a home cage con- 
nected with a 50-cm long alley. At the far end of  the alley, 50 
normal food pellets (each weighing approximately 2 g) were 
placed. After a 30-min adaptation period in the home cage, 
animals were given the opportunity to transport the pellets 
from the alley to the home cage for 45 rain. The following 
data were collected: weight and number of  pellets hoarded 
and eaten. 

Spatial delayed alternation. Following the food hoarding 
tests, rats (now 12 weeks old) were tested for their spatial 
delayed alternation performance in a T-maze. The T-maze 
consisted of  a main alley with a start box and two side alleys. 
Animals were required to alternate between the side arms to 
get a reward (Noyes food pellet, 45 mg). After an adaptation 
and autoshaping period, the actual testing began. Each daily 
session consisted of 16 trials and sessions were run on 2 x 5 
consecutive days with an intertrial interval of  0 s (ITI 0), 
followed by 2 x 5 consecutive days with an intertrial interval 
of 15 s (ITI 15). During this interval, animals were kept in a 
holding cage placed in line with the start box. The number of 
correct responses was recorded. 

Anatomy and Dopamine Immunocytochemistry 

After completion of behavioural testing, animals were an- 
aesthetised with a high dose of sodium pentobarbital (0.1 ml /  
100 g body weight) and perfused with 5% glutaraldehyde in 
0.05 M acetate buffer (pH 4.0). After perfusion, brains were 
removed from the skull and postf'Lxed for 30 min. Brains were 
then immersed in 0.05 M Tris-buffered saline (TBS) contain- 
ing 1°70 Na2S2Os (pH 7.2). Using a vibroslice, coronal serial 
sections (50 #m) were gathered for DA and Nissl staining. The 
Nissl sections were collected in TBS and the DA sections in 
TBS containing 107o Na2S205. The DA sections were stained 
using an antibody against DA, raised in our institute (13), 
and subsequently incubated via the peroxidase-antiperoxidase 
(PAP) method (50), with 0.5070 nickel to enhance the 3,3- 
diaminobenzidine (DAB; Sigma Chemical Co., St. Louis, 
MO) reaction. For Nissl staining, the sections were first moun- 
ted on glass slides and dried, then rinsed in a solution of  
ethanol and chloroform (1 :1)  to remove the lipids, thus 
brightening the stain (0.5070 thionine). 

Microphotographs were taken of cortical layers V and VI 
of  the infralimbic area (IL; right hemisphere) of  the DA sec- 
tions of all animals at a standard level of 2.5 mm anterior of 
bregma (61). These microphotographs provided no informa- 
tion as to whether the section came from an S rat or one of 
the three L group rats. One S and one L animal were left 
out because the quality of the staining was suboptimal. The 
microphotographs were ranked according to the degree of  DA 
innervation and given a corresponding rank number by three 
investigators. Rank 1 was given to the microphotograph of  the 
section with the highest innervation. Thus, each photograph 
received three rank numbers; their median values were tested 
statistically (see the Statistics section). 

Statistics 

Data were analyzed using parametric tests of  the SPSS x 
package. For analyses of the number of line crossings (open- 
field test), the amount of pellets eaten (food hoarding test), 
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and the number of  correct responses (spatial delayed alterna- 
tion test), overall group effects were assessed with a multivari- 
ate analysis of  variance (MANOVA) with repeated measure- 
ments. Acceptable statistical significance was set a t p  _< 0.05. 
Subsequently, pair-wise group comparisons were performed 
again with a MANOVA with repeated measurements. Because 
the food hoarding scores did not fulfill the criterion for homo- 
geneity (Box M-test), we analysed their rank order numbers 
instead of  their hoarding scores, again with a MANOVA with 
repeated measurements (4). 

The rearing frequency (open-field test) during the 5-min 
testing period was analysed with an analysis of  variance (AN- 
OVA) with group as factor. The degree of  DA innervation 
was analysed by testing the median rank number of  the micro- 
photographs (vide supra) with an ANOVA with group as fac- 
tor (4). 

The criterion for considering the effects statistically signifi- 
cant was set at p < 0.05, 

RESULTS 

Location and Extent of  Lesions 

Using cytoarchitectonic criteria (27,53,56), the lesion loca- 
tion and extent of  L, L + GMI,  and L + ORG2766 animals 
were established. There was some variation in the extent of  
lesions; animals in which lesions involved not only the mPFC 
but also the genu of  the corpus callosum and caudate putamen 
were excluded from further analysis. In all remaining animals, 
lesions were restricted to frontal area 2 (Fr2), dorsal anterior 
cingnlate area (ACd), and variable parts of  prelimbic (PL) 
and IL areas. This led to the following group sizes: L, n = 
7; L + GM1, n = 8; and L + ORG2766, n = 8 animals. 
Reconstruction of  the smallest and largest lesion of  these three 
groups is represented in Fig. 1. 

Behavioural Results 

Openfield. After placement in the open field, animals were 
actively walking around and rearing. In all four groups, the 
frequency of  line crossings decreased in a similar fashion dur- 
ing the 5-min testing period (Fig. 2). No significant group 
difference was found. Total  rearing frequency during the 5- 
min testing period did not differ significantly between groups. 

Food hoarding. After a 30-min adaptation period in the 
home cage, the door to the alley was raised and animals were 
given the opportunity to collect food pellets for a 45-min pe- 
riod. On the first testing day, S animals hoarded about 16 g 
pellets and this amount increased steadily, to 43 g, on testing 
day 4 (Fig. 3). Statistical analyses revealed significant overall 
differences between the groups [MANOVA, F(3, 27) = 4.12, 
p < 0.05]. Hoarding performance of  vehicle-treated lesioned 
animals over the 4 testing days was significantly impaired as 
compared to S animals [MANOVA, F(I ,  13) = 5.73, p _< 
0.05]. Treatment with GMI did not improve hoarding perfor- 
mance: L + GMI animals hoarded amounts of  pellets similar 
to the amounts hoarded by L animals and hoarded signifi- 
cantly fewer pellets than S animals [MANOVA, F(1, 14) = 
15.20, p __<_ 0.01]. Treatment with ORG2766 had some effect 
on the hoarding scores: The differences both between L + 
ORG2766 and L animals and between L + ORG2766 and S 
animals failed to be significant. 

Spatial delayed alternation. In Fig. 4, the acquisition of  
spatial delayed alternation is depicted. In S animals, the num- 
ber of  correct responses during sessions with a delay of  0 s 

(ITI 0) increased rapidly. The task was made more difficult 
by lengthening the delay to 15 s (ITI 15), evident from a 
decrease in the percentage of  correct responses on testing day 
1 compared to testing day 10 of  the ITI 0 sessions. After a 
few 15-s delay sessions, however, 80% of  the responses was 
correct again. There were significant differences between the 
four groups during both ITI 0 and 15 sessions [MANOVA, 
F(3, 27) = 9.20,p _< 0.001, andF(3,  27) = 3.31,p < 0.001, 
respectively]. L animals performed significantly worse than S 
animals during both ITI 0 [MANOVA, F( I ,  13) = 14.53, 
p < 0.01] and ITI 15 [MANOVA, F(1, 13) = 17.37, p _< 
0.01]. During ITI 0 and 15, treatment with either GM1 or 
ORG2766 did not have any beneficial effect on the perfor- 
mance of  L animals. Compared to S animals, both L + GM1 
and L + ORG2766 animals performed significantly worse 
during ITI 0 [MANOVA, F(I ,  14) = 46.72, p _< 0.001, and 
F(1, 14) = 15.97, p < 0.001, respectively] and ITI 15 [MA- 
NOVA, F(I ,  14) = 20.85, p < 0.001, a n d F ( l ,  14) = 43.60, 
p _< 0.001, respectively]. 

Dopaminergic Innervation 

In all animals, coronal sections of  the frontal cortex were 
immunocytochemically stained for DA. In S animals, the dis- 
tribution and morphology of  DA fibres in the PFC was nor- 
real, as has been described previously (1,7,21,55). The DA 
fibre density in the PFC was considerably higher than that in 
other frontal cortical areas and within the mPFC the density 
in the basal cortical layers (V and VI) was higher than in the 
more superficial layers (I, II, and III). Further, a gradual 
decrease in density of  DA fibres was observed from the ventral 
mPFC subareas PL/IL to the most dorsal subarea Fr2. 

The dopaminergic innervation in the remaining mPFC of  
animals with lesions, irrespective of  the kind of  treatment 
(vehicle, GMI,  or ORG2766), was comparable to the innerva- 
tion in S animals (Fig. 5), except that in most animals no 
fibres were present in the direct vicinity of  the lesion site. 

Microphotographs of  the basal layers (V and VI) taken 
from a standard level of the mPFC subarea IL of  S, L, L + 
GM1, and L + ORG2766 animals were rated on the basis of  
the degree of  DA innervation (Table 1). The median rank 
numbers obtained (see the Method section) are presented in 
Table I. The means of  these median rank numbers were 13.3, 
15.2, 17.9, and 14.6 for S, L, L + GMI,  and L + ORG2766 
animals, respectively. There were no significant differences 
between these four groups. 

DISCUSSION 

The present study demonstrated that GM1 treatment of  
animals with mPFC lesions performed in adulthood does not 
result in improvement of  animals' food hoarding or spatial 
delayed alternation behaviour. Although treatment with 
ORG2766 resulted in a slight improvement of  food hoarding 
performance, hoarding scores were not significantly different 
from those of  either sham-operated or vehicle-treated lesioned 
rats. Also, spatial delayed alternation performance was not 
improved by ORG2766 treatment. A change in locomotor or 
exploratory activity was not responsible for the impaired per- 
formance of  animals with mPFC lesions, whether treated or 
not, because no differences between sham-operated and le- 
sioned animals were observed in the open-field test. Also, the 
dopaminergic innervation in the remaining mPFC, known to 
increase considerably after neonatal mPFC lesions and a con- 
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FIG. 1. Reconstruction [atlas of Paxinos and Watson (37)] of the smallest and largest medial prefrontal cortex (mPFC) lesions of animals 
with adult lesions treated with vehicle (L), GMI (L + GM1), or ORG2766 (L + ORG2766). In all animals, the mPFC subareas frontal area 2, 
dorsal anterior cingulate area, and variable parts of the prelimbic and infralimbic areas were either removed or severely damaged. 

comitant of behavioural sparing, did not change in response 
to mPFC lesions in adults. Neither GMI nor ORG2766 treat- 
ment induced detectable changes in DA innervation. 

Effects o f  GMI or 0RG2766 Treatment 

Many studies have reported that after adult brain damage 
treatment with either GM1 or ORG2766 results in an improve- 
ment of behavioural performance (10,18,20,22,30,36,38- 
44,47,51,57,59,60). However, the present study and those of 
Butler et al. (3) and McDaniel et al. (33,34) failed to detect 
beneficial effects. It seems that several conditions are impor- 
tant for positive effects to occur in lesioned animals treated 

with GMI or ORG2766, such as the treatment regimen, type 
of behaviour tested, and brain area damaged. 

Thus, the beneficial effects on recovery of GMI or 
ORG2766 may depend upon dose administered, duration and 
timing of treatment, and route of administration. In the litera- 
ture, the dose used to achieve a beneficial effect of GM1 treat- 
ment varies between 10 and 30 mg/kg body weight (45). With 
respect to the duration and timing, it is known that treatment 
is most beneficial if started directly after surgery. Maximal 
recovery is achieved when animals are pretreated with GMI 
(23). In an earlier study (unpublished), a dose of 20 mg/kg 
was used, with 1 day of pretreatment, followed by five daily 
injections and five injections every other day. However, no 
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FIG. 2. Open-field activity of S (0),  L (&), L + GMI (O), and L + ORG2766 (A) animals. Loco- 
motor activity is plotted as the mean (SEM) frequency of line crossings per minute during the 5-rain 
testing period. Rearing activity is depicted as mean (SEM) frequency per 5 rain. There were no signifi- 
cant differences in locomotor or exploratory behaviours between the four groups. 

improvement was observed in the animals' performance fol- 
lowing GM1 treatment. This negative result was confirmed in 
the present study, although the dose of  GM1 was higher (30 
mg/kg), with a longer pretreatment period (3 days) and more 
frequent injections (daily until day 14 postlesion). The choice 
of  these protocols was based upon the literature and made in 
consultation with Dr. S. Karpiak (Columbia University, New 
York) and Dr. G. Bonvento (Fidia Research Laboratories, 
Italy). When ORG2766 is administered SC, a dose of  1 or 2 
#g per animal has been reported to exert beneficial effects 
(20,38,39,47). In the present study, we administered ORG2766 
conforming to the literature and in consultation with Dr. 
B. Spruijt (State University Utrecht, The Netherlands). 
ORG2766 treatment began immediately after the mPFC lesion 
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FIG. 3. Mean (SEM) food hoarding scores of S (O), L (&), L + 
GM1 (O), and L + ORG2766 (Z~) animals during four sessions con- 
dncted every other day. L and L + GMI animals hoarded signifi- 
cantly fewer pellets than S animals (p ~ 0.05 andp _< 0.01, respec- 
tively). L + ORG2766 animals hoarded an intermediate amount of 
pellets; the difference in food hoarding between L + ORG2766 and 
L animals, as well as between L + ORO2766 and S animals, did not 
reach any statistical significance. 

was made and ORG2766 was administered every other day 
until day 14 postlesion. Judged by the positive effects found 
in other studies, our negative findings are not likely to be 
explained by the injection schedule or the dose of  either GM 1 
or ORG2766 used in the present study. 

Another explanation of  the ineffectiveness of  GM1 or 
ORG2766 treatment could be the kind of  task used. In the 
present study, animals were tested for their food hoarding 
ability, a species-typical task, and spatial delayed alternation 
behaviour, a learning task. Both GM1 and ORO2766 have 
been shown to exert beneficial effects on various learning 
tasks, including a spatial alternation task. No other studies 
are available in which a species-typical task was tested. Thus, 
it seems unlikely that in the present study the ineffectiveness 
of  GM1 and ORG2766 treatment on spatial delayed alterna- 
tion performance is due to the type of  behaviourai task. 

Further, the brain area damaged could be of  important 
relevance to the beneficial effects of  GM1 or ORG2766 treat- 
ment. Negative results of  GM1 treatment were obtained fol- 
lowing lesions of  the PFC (present study) and the visual cortex 
(3), and just like GM1 treatment ORG2766 treatment of  ani- 
mais with PFC lesions did not always result in recovery [the 
present study; (33,34)]. It is possible that after damage to 
these cortical regions it is more difficult to exert beneficial 
effects than after damage to other brain areas. However, this 
does not explain the discrepancy between the negative results 
of  GM1 treatment in the present study and the positive ones 
in the study by Sabel et al. (44). Both studies investigated 
the effects of GM1 treatment on spatial (delayed) alternation 
performance in animals with medial frontal lesions. There are 
some differences in the procedure of  the spatial alternation 
testing. Another noteworthy difference between the two stud- 
ies is that in the present study animals already had experience 
with another task (food hoarding) before they were tested for 
their spatial (delayed) alternation performance. It has been 
reported, for example by Whishaw et al. (58), that postsurgi- 
cal enrichment improves the performance of  lesioned animals 
in learning tasks. Behavioural testing can be considered such 
an enrichment. In addition, preliminary (unpublished) data 
from our laboratory indicated a somewhat better spatial de- 
layed alternation performance in mPFC-lesioned rats that had 
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FIG. 4. Spatial delayed alternation performance of S (O), L (&), L + GMI (O), and L + 
ORG2766 (A)  animals. Each session consisted of 16 trials and the mean (SEM) percentage of 
correct responses per session is presented. The first 10 sessions were performed with no delay 
between trials (ITI 0), followed by 10 sessions with a delay of 15 s. Both in sessions with ITI 0 
and 15 the performance of lesioned animals was significantly impaired (p _< 0.01 for L animals 
andp  < 0.001 for L + GM1 and L + ORG2766 animals). 

FIG. 5. Microphotographs of the dopaminergic innervation of the basal layers in the (remaining) medial prefrontal cortex subarea 
infralimbic area (right hemisphere) at a level of 2.5 ram anterior of bregma (61). No differences in DA innervafion were detected 
between S, L, L + GMI, and L + ORG2766 animals. (A), S animal, median rank 16 (see Table 1); (B), L animal, median rank 13; 
(C), L + G M I  animal, median rank 12; (D), L + ORG2766 animal, median rank 16; (W), white matter. Bar is 0.08 mm. 
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T A B L E  1 

MEDIAN RANK NUMBERS OF THE DEGREE OF 
DA INNERVATION OF THE IL OF SHAM-OPERATED 

ANIMALS (S) AND ANIMALS WITH mPFC LESIONS TREATED 
WITH VEHICLE (L), GM1 (L+GM1), OR ORG2766 (L+ORG2766) 

Treatment 
Median Rank Number (for each animal) 
of the Three Investigators 

S (n = 7) 1 8 9 1 3 1 6 2 1 2 5  
L (n = 6) 2 10 11 13 26 29 
L + GMI (n = 8) 3 12 17 18 20 21 25 27 
L + ORG2766 (n = 8) 4 611 16 19 21 22 23 

Microphotographs were ranked by three investigators with the 
densest innervation rated as rank 1. Thus, each photograph received 
three rank numbers, of which the median rank number is presented. 
Testing these median rank numbers did not reveal any significant 
differences in DA innervation between the four groups. The means of 
these median rank numbers were 13.3, 15.2, 17.9, and 14.6 for S, L, 
L + GMI, and L + ORG2766 animals, respectively. 

previously been tested for food hoarding.  It is, therefore,  pos- 
sible that the spatial delayed alternation performance o f  le- 
sioned animals o f  the present study had already improved and 
that G M I  (or ORG2766) could not  ameliorate it any further. 

It  has been suggested that behavioural  recovery, induced 
by GM1 or ORG2766 treatment  following brain damage,  
could be the result o f  a reduction o f  the lesion-induced deteri- 
orat ion o f  cells a n d / o r  an enhancement  o f  structural repair. 

Based upon previous studies, we hypothesised that following 
damage to the P F C  the dopaminergic system is involved in 
the neural mechanism of  behavioural  recovery. In response to 
neonatal  m P F C  damage,  sparing o f  function was observed 
concomitant  with a large increase in dopaminergic innervation 
in the (remaining) mPFC,  whereas there were no changes in 
D A  innervation after m P F C  lesions in adulthood.  I f  following 
m P F C  lesions in adult animals behavioural  recovery had been 
induced by either GM1 or ORG2766, we would have expected 
an increase in the mesocortical dopaminergic innervation. 
However ,  the present study demonstrates that GM1 and 
ORG2766 induced neither recovery nor an increase in the do- 
paminergic innervation. Apparently,  the repair processes re- 
sulting in functional recovery after m P F C  damage in adults 
were not  brought about  by treatment with either G M I  or 
ORG2766, al though these agents have been shown to exert 
positive influences on repair processes following damage to 
other parts o f  the CNS. 
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