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Fimbria-fornix lesion impairs long-term 
potentiation in the dentate gyrus of the rat 

JA B E R G A D O , H M O R E N O and N N U N E Z 

Centro Internacional de Restauración Neurológica, La Habana, Cuba 

Bilateral aspiration lesions of the fimbria-fornix were performed in 10 male 
Sprague Dawley rats weighing 240-300 g under chloral hydrate narcose (420 mg/ 
kg). Another 9 animals were operated in the same way, but no aspiration was 
carried out to constitute a control group. A week after surgery recording and 
stimulation electrodes were lowered to the dentate gyrus and the perforant path 
respectively, using the same narcose. After tetanic stimulation (10 trains at 400 
Hz) a potentiation of the population spike develops in both groups, but the slope of 
the excitatory postsynaptic potential showed no potentiation in the lesioned group. 
Acetylcholinesterase histochemistry confirmed a severe reduction of the 
cholinergic innervation to the hippocampal formation, suggesting a causal 
relationship to the deficits seen in long-term potentiation. This impaired 
potentiation could be related to the memory deficits reported for fimbria-fornix 
lesioned rats. Such pattern of potentiation deviates from what has been described 
for aged, memory deficient rats, but closely corresponds to the changes described 
in infantile rats. 
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memory deficit. 

INTRODUCTION 

According to the cholinergic hypothesis , the 
cogn i t ive dysfunct ion which charac te r izes 
A l z h e i m e r ' s D i s e a s e ( A D ) m i g h t b e at
tributed mainly to a severe reduction of the 
cholinergic innervation to the h ippocampus 
and cortex (Bartus et al, 1982). The fimbria-
fornix (FF) fiber system provides the hip
p o c a m p a l f o r m a t i o n w i t h c h o l i n e r g i c 
afferents ar is ing from cells located in the 
septal region, and the Broca ' s diagonal band 
(Moor et al, 1994; Smith et al, 1993). The F F 
lesion p roduces a severe reduct ion of the 
cholinergic activity in the h ippocampus , as 
well as a reduction of the learning capacities 
(Francis et al, 1993; Shaw and Aggleton, 
1993). Aged rats show also some reduction 
of the c h o l i n e r g i c ac t iv i ty in the h i p p o 

c a m p u s and of the i r m n e m o n i c funct ion 
(Fischer et al, 1989). The F F lesion appears , 
therefore as a plausible animal model of the 
cognitive disfunction associated with A D . 

Long- te rm potent ia t ion (LTP) is an en
du rab l e form of synap t i c p las t i c i ty , first 
demonst ra ted at the perforant pa th-denta te 
granules synapses (Bliss and L o m o ; 1973). 
Some evidence suggests that L T P could be 
an e lec t rophys io log ica l cor re la te of long-
term memory (Eichenbaum and Ot to , 1993; 
Krug et al, 1990; Ma t th i e s et al, 1986) . 
Aged, memory deficient rats are unable to 
main ta in L T P as long as y o u n g con t ro l s 
(Barnes and McNaughton , 1985), while L T P 
s e e m s to be a b s e n t in F F - l e s i o n e d ra t s 
(Valjakka et al, 1991). Thus , the nature of 
the cognit ive impairment in aged and FF-
lesioned rats might not be the same. 
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MATERIALS AND METHODS 

N i n e t e e n m a l e S p r a g u e - D a w l e y r a t s 
( C E N P A L A B , Havana, Cuba) weighing 240-
300 g by the t ime of surgery were used. A 
bilateral aspiration of the FF fibers and the 
overlaying cortex and corpus cal losum (AP:-
1.3 mm, L: 2.0 m m ) w a s performed under 
chloral hydrate (420 mg/kg, ip.) anaesthesia 
in 10 animals to consti tute the lesioned (L) 
g r o u p . N i n e a n i m a l s to w h i c h only the 
w i n d o w s w e r e o p e n e d , but in wh ich no 
aspi ra t ion was per formed , cons t i tu ted the 
control (C) group. 

A week after surgery the animals were 
reanesthetized with the same dose of chloral 
hydrate and mounted on a stereotaxic frame. 
A monopolar recording electrode was lower
ed to the internal blade of the right fascia 
denta ta . T w o min i sc rews anchored to the 
frontal and parietal left bones served as earth 
and indifferent e lec t rodes , respect ively. A 
bipolar s t imulat ing e lec t rode was lowered 
to the perforant path. Recordings were made 
u s i n g a N e u r o p a c k 2 ( N i h o n K o h d e n ) 
amplifier, and filtered within 1-10,000 Hz. 
Stimulat ion consisted of single pulses (0.1 
msec) generated by a SNE-3301 electronic 
s t i m u l a t o r ( N i h o n - K o h d e n ) c o n n e c t e d 
through an isolator to the animal. The stim
ulus intensity for recordings was set at 5 0 % 
of the intensity needed to evoke a maximal 
population spike (PS), and at 25 % of that for 
L T P induction. 

Three control recordings were made be
fore L T P induction with one minute inter
vals. Each record consisted of three consecu
tive potent ials at 0.2 Hz stored on floppy 
disk for the off-line analysis. 

L T P - i n d u c t i o n was a c h i e v e d a p p l y i n g 
ten trains of ten impulses (400 Hz) each at 
ten seconds intervals. Subsequent recordings 
were made at 2, 5, 15, 30, 60, and 120 min
utes after the beginning of LTP- induct ion 
using the same paradigm as for the control 
records. In each averaged record the ampli
tude of the PS was measured and the slope of 
the excitatory post-synaptic potential (EPSP) 
calculated (slope function: SF). For qualita
t ive ana lys i s we cons ide red as posi t ively 
potentiated a PS value which rose over 150% 
of its control value. An SF value over 110% 
of control was also taken as potentiated. 

The rectal temperature was cont inuously 
monitored and kept be tween 36 and 37° C 
using a radiant lamp. One third of the initial 
chloral hydra te dose was suppl ied to the 
rats two hours after the first injection, and 
repeated each hour from then on to maintain 
the anaesthesia. 

T w o days after the e lec t rophys io logica l 
eva lua t ion , all an ima l s were anes the t i zed 
and transcardially perfused with 10% formal
dehyde. Twenty um sections were cut using 
a freezing microtome, and processed histo-
chemically for acetylcholinesterase (AChE) 
as described by Thomas (1981) . 

RESULTS 

An impaired potentiation of the E P S P slope 
function in the FF-les ioned animals is the 
main finding reported here. 

The histological examinat ion showed that 
the lesion affected completely and bilaterally 
the fornix, as well as the overlaying corpus 
cal losum and cortex in all animals in the L 
g r o u p , the l e s i o n e x t e n d i n g s o m e t i m e s 
anter ior ly to the septal area . T h e A C h E -
histochemistry showed a strong and bilateral 
reduct ion of the e n z y m e , over the w h o le 
h i p p o c a m p u s a n d d e n t a t e g y r u s in t h e 
lesioned rats, when compared to the controls 
(fig 1). Only one an imal in the les ioned 
group showed some residual A C h E activity. 

A tendency to increased epi leptogenesis 
has been reported to occur in FF- les ioned 
animals. W e have monitored the hippocampal 
E E G d u r i n g the r e c o r d i n g s e s s i o n , and 
noticed in three lesioned rats the presence of 
frequent, irregularly spaced spikes, but ictal 
activity was not seen in any case before, 
during or after tetanic st imulation. 

The comparison of the initial, pretetaniza-
tion, control values for both groups demon
strated no differences in the PS-ampl i tude . 
The SF, however , was slightly but signif
icantly smaller in the lesioned rats (U-test; 
p < 0 . 0 5 ) . A c c o r d i n g to the e s t a b l i s h e d 
criteria, all the animals in the control group 
developed, and maintained a PS-potent iat ion 
over the whole recording t ime after tetaniza-
tion (Wilcoxon test; p < 0.05). The same 
holds true for the SF, despite the fact that 2 
animals were below the 110% level in some 
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in termediate recording t imes. The lesioned 
group showed a similar change in the P S -
ampli tude. W h e n compared with their initial 
control values, 9 out of 10 rats increased this 
parameter over 150% after tetanic stimula
t ion , and k e p t it a b o v e the po t en t i a t i on 

criteria up to the end of the period (Wilcoxon 
test; p < 0.05). The SF variations after LTP 
induction differed drastically in this group. 
Six of 10 rats showed SF values over the 
criteria two minutes after tetanization. How
ever, the lesioned animals failed to maintain 
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the SF potentiation. Only 3 rats were over 
the potentiat ion criteria in some of the re
maining records, and one of these was the 
one in which some residual A C h E was histo-
chemical ly detected. Instead, some depres
sion of the SF tends to occur in about the half 
of the animals in this group. The Wilcoxon 
test showed no significant changes in the SF 
at any t ime after L T P induction. The relative 
change in the PS-ampl i tude was not different 
between both groups (í /- test ; p < 0.05). Be
tween groups, significant differences in the 
re la t ive SF-po ten t i a t ion could be d e m o n 
strated 2, 15, 60 and 120 min after tetaniza-
tion (fig 2) ([ /- test ; p < 0.05). 

DISCUSSION 

It might seem contradictory that the absence 
of p o t e n t i a t i o n of t h e E P S P w a s a c 
companied by a normal PS-potentiat ion. The 
fact that a PS-potentiat ion can occur with a 
r educed , or absen t EPSP-po ten t i a t ion has 
been recognised since the first report describ
ing L T P (Bliss and L o m o , 1973). Such a 
difference in the change of the PS and the 
E P S P after te tanizat ion is a constant , yet 
unexplained feature of LTP. Modifications in 
the discharge of dendrit ic spikes (Fricke and 
Price, 1984), ephaptic interactions (Turner et 
al, 1984), and electr ical coupl ing through 
gap junct ions (Dermietzel and Spray, 1993; 
Mac Vicar and Dudek, 1982) represent mech
anisms which might account for an increased 
populat ion firing following a small, or even 
zero enhancement in the synaptic reactivity. 
T h e r e is e v i d e n c e that such m e c h a n i s m s 
c a n b e m o d i f i e d by n e u r o t r a n s m i t t e r s 
(Dalkara et al, 1986), but their exact role on 
L T P remains to be established. 

Previous reports on L T P in FF-lesioned 
animals describe an absence of potentiation 
of the PS (Valjakka et al, 1991) or both, the 
PS and the E P S P (Buzsaki and Gage , 1989; 
Czéh et al, 1992). More recently, however, a 
normal PS potentiation has been reported in 
the C A 1 area after FF-lesion (Kleschevnikov 
et al, 1994) or destruction of the cholinergic 
septal populat ion with A F 6 4 A (Abe et al, 
1994), though the last two reports provide no 
data concerning the EPSP . The different time 
between surgery and the electrophysiological 
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Fig 2. Temporal course of the EPSP's slope (mean ± SEM) 
function potentiation in both groups after LTP induction. *p 
< 0 . 0 5 ; Mann-Whitney's [/-test. 

study - several weeks in the former and one 
week in the latter - could account for the dif
ferences. 

An impaired memory function has been 
described in FF-lesioned rats (Fischer et al, 
1989; Shaw and Aggleton, 1993) which was 
comparable to that produced by lesions to 
the h ippocampus (Aggleton et al, 1992), or 
the septum (Kelsey and Vargas , 1993). An 
altered synaptic plasticity of the FF-lesioned 
rats may be responsible for their reduced 
learning ability. 

The strong reduction of A C h E in the hip
p o c a m p u s a f t e r F F - l e s i o n s u g g e s t s t h e 
existence of a link between the cholinergic 
deficit, and memory and L T P impairments . 
However , other transmitter systems arising 
from, or crossing through the septal areas 
should not be disregarded as they can also 
inf luence m e m o r y , synapt ic t r ansmiss ion , 
and plasticity in the hippocampal formation . 
All these subcortical afferents play a crucial 
role in the regulat ion of intr insic c i rcui ts 
which in turn modula te the excitabili ty of 
the principal cells (Han et al, 1993: Ribak. 
1992). 

As m e n t i o n e d a b o v e , the L T P impai r 
ments observed in FF- les ioned rats differ 
from those reported for aged animals . The 
main feature of L T P in senescent rats is 
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t h e f a s t e r d e c a y r a t e (Ba r r i e s and M c -
Naugh ton , 1985; De Toledo-Morre l et al, 
1988; Deupree et al, 1993) while in the FF-
lesioned rats no potent ia t ion of the E P S P 
develops . 

T r o m m e r and Rout tenberg (1990) study
ing L T P in infantile rats from days P I 4 to 
P28 found in all a n i m a l s a cons t an t PS 
potentiation up to the end of the 120 min 
follow u p t ime. However , an EPSP-potent ia-
tion was rather infrequent occurring only in 
about one third of the animals . Furthermore, 
in some animals instead of a potentiation a 
prolonged E P S P depression develops. Such a 
result is quite similar to the findings reported 
here. In teres t ingly , the sep to -h ippocampal 
c h o l i n e r g i c s y s t e m is i m m a t u r e at b i r th 
(Auburger et al, 1987; Nio et al, 1993) and 
its final adult functional level is reached only 
after the first postnatal month (Thai et al, 
1991). It cou ld be hypo thes i zed that the 
o b s e r v a t i o n s d e s c r i b e d by T r o m m e r and 
Routenberg (1990) might be caused, at least 
in par t , by the i m m a t u r i t y of the septa l 
c h o l i n e r g i c af ferents to the h i p p o c a m p a l 
format ion . Based on these cons idera t ions , 
and on our f indings , we suggest that the 
fimbria-fornix lesion, a procedure applied to 
young and o the rwise heal thy animals , in
duces a functional state in the hippocampal 
fo rmat ion , which is c loser to immatur i ty 
than to senescence. Moreover , an increased 
tendency to h ippocampal seizures has been 
d e s c r i b e d r e p e a t e d l y in F F - l e s i o n e d ra ts 
(Buzsaki and Gage, 1989; Kleschenikov et 
al, 1994; Val jakka et al, 1991) a feature 
which charac ter izes infantile l imbic s truc
tures in animals (Roper et al, 1993; Swann et 
al, 1992), and humans , but is extremely rare 
in aged sub jec t s (De T o l e d o - M o r r e l and 
Morrei , 1991). 

According to the above, the use of the FF-
lesion as a model of A D should be treated 
with caution when trying to obtain informa
tion about the functional consequences of 
a g i n g . F u r t h e r c o m p a r a t i v e s t u d i e s a r e 
required to assess how far FF-lesion resem
bles or differs from aging. 
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