
















































































































pathway may have a more specifically informational role (Swanson, 

1979). Hippocampal suspension injection transplants restore cholinergic 

reinnervation, and normal, or near normal laminar patterns within the 

hippocampus. This normalisation is also thought to extend to cholinergic 

modulation of the hippocampus, and perhaps in the presence of intact 

cingulate afferents this allows the transplant rats to perform the DRL task 

with an efficacy comparable to controls. However, without intact 

cingulate afferents, as in the present study, modulation may be restored 

but without specific informational inputs the rats may not be capable of 

timing their bar pressing responding normally and so are unable to 

perform the DRL task. However, Nilsson et al (1987) used a lesion similar 

to that in the present study and found recovery of spatial navigation with 

septal transplants, suggesting that on balance the neurochemical nature of 

the transplanted tissue is likely to be more important than any particular 

lesioned pathway. 

Since modal Inter-Response Times (IRTs) across sessions for the DRL-20 

indicated that all lesion rats were responding at ~ 13 s, far short of the 20 s 

required to perform the DRL-20 to any level of proficiency, the waiting 

period was reduced to 10 s (see figure 7 for DRL-10 results). Individual 

session block contrasts of DRL-10 testing confirmed lesion-only rats to be 

improving over sessions, such that by session block 7 their performance 

was no longer significantly different from controls - being intermediary at 

~45% correct between that of controls at ~60% correct and that of 

transplant groups at ~32% correct. Transplant groups also showed 

improving performance over sessions at the DRL-10 task, however, 

transplant group scores were always significantly different from controls. 

The ability for lesion-only rats in the present study to manage some level 

of proficiency at DRL-10, but not DRL-20 is consistent with other work 

57 



showing rats with hippocampal damage as able to perform adequately on 

low DRL schedules but not ones requiring greater delays since lesion rats 

have difficulty withholding responding for more than 10 to 15 s (Ellen 

and Aitken, 1970). The modal DRL-20 IRTs of ~ 13 s found for all lesion 

groups in the present study lies within this 10 to 15 s maximum response 

withholding range for hippocampally damaged rats, and confirms that 

transplants have had no effect in restoring normal DRL-20 responding 

behaviour. 

In addition to the lack of evidence for any ameliorative effect of 

transplants on DRL-20 performance there is evidence for slight 

deleterious effect in the fact that individual session block contrasts on the 

DRL-10 task show that lesion-only scores increase to the point where they 

are no longer significantly different from controls, while all transplant 

groups always remain significantly different from controls. It seems 

reasonable that a deleterious effect of transplantation may show up in 

DRL-10 but not DRL-20 results since correct responding was so low on the 

DRL-20 task as to constitute a floor effect, whereas DRL-10 appears to be a 

more sensitive measure of differences in experimental groups, sensitive 

enough to pick up a slight deleterious transplant effect. 

Activity testing. 

All lesion groups showed increased spontaneous activity compared to 

controls, showing no evidence of graft induced amelioration of 

hyperactivity in any group. This failure of amelioration of hyperactivity 

in the present study using 12/13 mm CRL transplant tissue is consistent 

with findings by Dunnett et al (1989), and Cassel et al (1991). Dunnett et al 

found that while younger transplant tissue (13 mm CRL) gave the best 
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behavioural recovery on a DRL task after fimbria-fornix lesion it was 

older tissue (17 and 22 mm CRL) which best ameliorated spontaneous 

hyperactivity. Similarly Cassel et al found after fimbria-fornix lesion that 

is was older tissue (16 mm CRL, E 16) rather than younger tissue (12 mm 

CRL, E 14) that improved open field habituation as measured by a 

significant within trial decline in ambulatory activity. 

Dalrymple-Alford (1994) found normalisation of activity in the Hughes 

(1968) exploration box after fimbria-fornix lesion and standard septal area 

transplantation with tissue of an average size of 16.5 mm CRL. While 

Dalrymple-Alford's transplant tissue included young donor material of 

the size 13 and 14 mm CRL, all hosts received a mixture of a number of 

different ages of tissue and included many hosts which received 

considerably older tissue of the ages 18 and 22 mm CRL. As such any 

tissue age effect on amelioration of activity is confounded by the mix of 

tissue ages, but inclusion of older material and the finding of 

amelioration of activity is consistent with previously discussed findings 

(Cassel et al, 1991; Dunnett et al, 1989) and those of the present study. 

Group LBF showed evidence of increased behavioural impairment on the 

reference memory task, and all transplant groups showed evidence of 

increased behavioural impairment at the DRL-10 task. Despite this 

however, group LBF did not show any significantly higher level of 

hyperactivity on either activity measure (crossings or total beam breaks). 

Even habituation over bins during the activity testing session showed no 

differential effect between transplant groups. 
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Factors involved in graft success. 

Tissue age. Why should older tissue generally ameliorate hyperactivity 

and not cognitive or memorial functional deficits, while younger tissue 

tends to ameliorate cognitive functional deficits and not hyperactivity? A 

possible explanation could be in terms of differential survival of cell types 

in young and old tissue. Perhaps the subpopulations of cells responsible 

for different ameiiorative effects have different window periods where 

transplantation would be optimally effective. As different parts of the 

brain develop and functionally mature at different times, and different 

neural systems are responsible for different aspects of behaviour, this idea 

seems sensible. Young tissue of size 11-13 mm CRL may correspond to the 

window period where the subpopulation of cells responsible for the 

amelioration of functional deficits are at their most robust, and so will be 

more likely to differentially survive the rigours of transplantation. 

Where as older tissue of the size ~17-22 mm CRL may be nearer the 

optimal window period for the subpopulation of cells responsible for the 

amelioration of hyperactivity, and so these cells will differentially 

survive. Such an idea suggests the possibility of mixing young and old 

tissue together for purposes of transplantation to gain amelioration of 

both functional deficits and hyperactivity. Other factors affecting 

behavioural recovery such as lack of preoperative training (Dalrymple

Alford, 1994), and the nature of the lesion would naturally have to be 

controlled for. 

The involvement of other neurochemical systems. The lack of 

behavioural improvement on any measure in light of an optimal lesion

transplant delay, optimally aged tissue (Dunnett et al, 1989), and excellent 
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cholinergic reinnervation in the present study is strong evidence for the 

view that graft induced cholinergic reinnervation is a necessary, but not 

by itself a sufficient factor for restoration of normal behavioural 

functioning (Cassel et al, 1992). Other neurochemical candidates for 

involve1nent exist. Cassel et al (1991) found results which suggest that 

behavioural effects of transplants after fimbria-fornix lesion could be due 

to differential survival of GABAergic neurones in transplanted septal

diagonal band tissue. Springer and Isaacson (1982) found evidence for the 

role of dopamine in normal hippocampal function, demonstrating 

changes in the level of dopamine and its utilisation after hippocampal 

damage. Jarrard (1986) found evidence for noradrenergic inputs to the 

hippocampus. But perhaps the most convincing evidence for other 

neurochemical involvement in memory function is presented in a series 

of experiments by the Nilsson et al (1990) investigating the role of 

serotonin. 

Nilsson et al (1988b) produced cholinergic and serotonergic denervation 

of the forebrain by intraventricular injection of 5,7-dihydroxytryptamine 

(5,7-DHT) and radiofrequency lesion of the septum. They found that 

while serotonergic depletion alone did not produce any significant deficits 

in the Morris (1981) water maze task, combined serotonergic and 

cholinergic denervation produced deficits which were even more severe 

than cholinergic denervation alone. That is, serotonergic depletion 

appeared to greatly potentiate behavioural deficits when in combination 

with cholinergic depletion, an effect which was persistent over time. In a 

further study Nilsson et al (1990) attempted to ameliorate the behavioural 

deficits of combined cholinergic-serotonergic denervation of the forebrain 

with suspension transplants of either serotonergically rich raphe tissue, 

septal tissue or a combination of both tissues. Only the combination 

61 



transplant of raphe and septal tissue showed any behavioural 

improvement, while all other lesion groups showed performance which 

was significantly impaired compared to controls. Histological analysis of 

transplant groups in this study showed that rats with only a septal graft 

showed normal AChE-positivity, but were devoid of serotonin-positive 

fibres. In rats that received a combination graft of septal and raphe tissue 

complete AChE-positive and serotonin-positive reinnervation was 

found. This series of experiments by Nilsson et al offers convincing 

evidence for serotonergic interaction with the cholinergic system in 

memory function. 

While Nilsson et al (1988b, 1990) used 5,7-DHT and radiofrequency lesion 

of the septum to achieve neurochemical denervation rather than fimbria

fornix lesion such an idea of serotonergic interaction is also consistent 

with many previous behavioural findings after fimbria-fornix lesion 

(including Nilsson et al (1987), Dalrymple-Alford (1994) and the present 

study). In Nilsson et al (1987) some rats did not show behavioural 

recovery after fimbria-fornix lesion and septal transplantation despite 

extensive AChE-positive reinnervation, while others showed partial 

recovery. Interpreting this result now in the light of serotonergic 

involvement seems to make sense. Perhaps the rats which did experience 

behavioural recovery after septal transplantation received a lesion which 

left the hippocampal serotonergic system largely intact and so these rats 

required only cholinergic reinnervation to attain recovery, while the rats 

which experienced no recovery after septal transplantation received a 

lesion which caused more complete serotonergic denervation, and so 

cholinergic reinnervation alone was not sufficient to cause behavioural 

recovery (Nilsson et al, 1987). 
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Likewise, the present study showed excellent AChE-positive 

reinnervation in group VBF and good reinnervation in group MBF, yet 

no behavioural recovery was evident. Perhaps all fimbria-fornix lesions 

in the present study also caused extensive serotonergic denervation, and 

so septal transplantation alone was not enough to restore function. 

Nilsson et al (1990) has demonstrated the possibility of recording normal 

AChE-positivity in the presence of complete serotonergic depletion, but 

further serotonergic histology would be needed to confirm such a state of 

affairs in the present study. However, such an explanation does not 

explain the deleterious effects of transplants in the present study, namely 

the LBF group's performance at the reference memory task and all 

transplant groups' performance at the DRL-10 task. A lack of serotonin 

may prevent behavioural recovery with septal transplants alone, but it 

would not be expected to exacerbate functional deficits which already exist. 

In addition, other findings are also problematic for the idea of a simple 

cholinergic/ serotonergic interaction in memory function. Murtha and 

Pappas (1994) found, as did Nilsson et al (1988b), that serotonergic 

denervation of the hippocampus had no effect by itself on Morris (1981) 

water maze performance. However, contrary to findings by Nilsson et al, 

Murtha and Pappas found combined damage of hippocampal cholinergic 

and serotonergic afferents did not severely affect spatial memory, thus 

failing to support the idea that serotonergic depletion potentiates 

behavioural deficits caused by cholinergic denervation. 

If serotonergic depletion is responsible for the lack of behavioural 

recovery in the present study it would be expected that combined 

septal/ rap he transplants would succeed in ameliorating such deficits. 

However, a study conducted by Cassel et al (1992) suggests otherwise. 

Cassel et al performed aspirative lesions of the fimbria, dorsal fornix and 
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parts of the overlying structures, a lesion very similar to that used in the 

present study, followed by septal transplants alone, raphe transplants 

alone, and combination septal/raphe transplants. No transplant type 

produced significant behavioural recovery despite restoration of 

cholinergic and serotonergic markers. 

The involvement of any neurochemical system or systems with memory 

function would involve theoretical and experimental considerations 

including much of that which has just been considered for serotonin. At 

present no single non-cholinergic neurochemical is unproblematically 

implicated. 

Concluding remarks. The poor to excellent cholinergic reinnervation in 

the present study showed no concomitant differential behavioural 

recovery, whether lesion animals were devastatingly impaired, as on the 

working memory task, or showed near normal performance, as on the 

reference memory task. 

Considering the variables controlled for in this study, it is strong evidence 

for the involvement of other neurochemical systems in memory 

function. Such involvement of non-cholinergic neurochemicals seems 

more likely to be via a "cocktail" of interacting neurochemicals rather 

than via a single neurochemical such as serotoni:n, 

The deleterious effect on behaviour of lesions and transplants in this 

study is further evidence that the effects of cholinergic rich grafts are not 

wholly ameliorative, neither are they sufficient for amelioration. 

, 64 



Appendix. 

Table 1. F, p and df values for DRL-10 individual block contrasts. 

df = 1,35 5 6 7 8 9 10 

VBF / Control F 16.94 10.92 8.90 7.32 6.44 10.28 

p 0.001 0.005 0.01 0.02 0.02 0.005 

LBF / Control F 18.40 13.84 11.90 9.20 6.08 10.45 

p 0.001 0.001 0.002 0.005 0.02 0.005 

MBF /Control F 15.57 9.41 7.52 6.62 5.35 7.32 

p 0.001 0.005 0.01 0.02 0.03 0.02 

VBF/L Only F <1 <1 1.43 <1 1.68 2.04 

p 0.10 0.10 0.10 

LBF/LOnly F <1 <1 2.98 1.10 1.57 2.25 

p 0.10 0.10 0.10 0.10 

MBF/ LOnly F <1 <1 < 1 <1 1.20 <1 

p 0.10 

L Only /Contrl F 12.89 9.67 3.17 4.09 1.57 3.18 

p 0.001 0.004 0.09 0.051 0.22 0.09 
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