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Abstract Neurogenesis occurs in dentate gyrus of adult

hippocampus under the influence of various mitogenic

factors. Growth factors besides instigating the proliferation

of neuronal progenitor cells (NPCs) in dentate gyrus, also

supports their differentiation to cholinergic neurons. In the

present study, an attempt has been made to investigate the

neurotrophic effect of bFGF in Kainic acid (KA) induced

cognitive dysfunction in rats. Stereotaxic lesioning using

(KA) was performed in hippocampal CA3 region of rat’s

brain. Four-weeks post lesioning rats were assessed for

impairment in learning and memory using Y maze fol-

lowed by bFGF infusion in dentate gyrus region. The

recovery was evaluated after bFGF infusion using neuro-

chemical, neurobehavioural and immunohistochemical

approaches and compared with lesioned group. Significant

impairment in learning and memory (P \ 0.01) observed

in lesioned animals, four weeks post lesioning exhibited

significant restoration (P \ 0.001) following bFGF infu-

sion twice at one and four week post lesion. The bFGF

infused animals exhibited recovery in hippocampus cho-

linergic (76%)/ dopaminergic (46%) receptor binding and

enhanced Choline acetyltransferase (ChAT) immunoreac-

tivity in CA3 region. The results suggest restorative

potential of bFGF in cognitive dysfunctions, possibly due

to mitogenic effect on dentate gyrus neurogenic area

leading to generation and migration of newer cholinergic

neurons.
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Introduction

Increasing documentation exhibits pivotal role of growth

factor supporting continuous neurogenesis in hippocampal

region [1–3]. This has gained worldwide attention towards

therapeutic management of progressive neurodegenerative

diseases, where changes in memory and other cognitive

core function have been reported [4].

Cognitive dysfunction reportedly involves degeneration

of cholinergic neurons and suggests severe impairment in

learning and memory. Cholinergic neurons originating in

basal forebrain area play an important role in functional

memory and are one of the most vulnerable targets of

degeneration in such conditions [5]. This is further

accompanied by loss of cholinergic markers i.e. levels of

acetylcholine (ACh) and choline acetyltransferses (ChAT)

activity [6]. Besides this, the extent of damage to cholin-

ergic neurons has been identified as landmark of

progressive memory impairment appearing in several

psychiatric and neurological disorders [7].

Continued neurogenesis in subgranular zone (SGZ) of

dentate gyrus of hippocampus, which is involved in

learning and memory has been documented [8, 9]. Gener-

ation of new neurons from proliferating stem /progenitor

cells in the SGZ is maintained all through life in multiple

species including humans [10, 11]. Further, the capability

of dentate neurogenesis exhibits an intense relationship

with the hippocampal function of learning and memory
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[12–14] and found to be under strict control of neuroge-

netic microenvironment of the SGZ [15, 16]. Uniquely, this

was also found to be responsive to hippcampal injury in

disease conditions (such as ischemia, stroke, and hypoxia)

or on exposure to neurotoxins such as trimethyltin (TMT)

and kainic acid (KA) where an increase in dentate gyrus

neurogenesis has been observed [17–19]. In addition to

this, the hippocampal injury induces transitory proliferative

surge in SGZ leading to several fold increase in number of

new neurons [20, 21]. One of the mechanisms supporting

the endogenous neuronal sprouting is release of mitogenic

factors from dying neurons [22]. It has been shown that

several neurotrophic factors such as BDNF, NGF, CNTF,

GDNF and others are upregulated in the hippocampus

following excitotoxic injury [23–25]. Recently, others and

our group have demonstrated substantial usefulness of

exogenous/intrinsic neurotrophic factors in enhancing the

neuronal survival, the extent of which probably depends on

their affinity towards particular neuronal subtype [26–28].

It was evidenced that bFGF released from cell in response

to injury has greater affinity towards cholinergic neurons

and is critical for upregulation of neurogenesis in the adult

dentate gyrus after kainate induced seizures and focal

cerebral ischemia [29, 30]. bFGF also promotes neuronal

survival and nurite extension in vitro and in vivo [31, 32].

Not only this it has also been found that bFGF supports

cholinergic axonal sprouting in the injured adult brain [33].

On summerzing the scattered reports of continued neuro-

genesis in Subgranular zone (SGZ) and its phenotypic

conversion to cholinergic subtype under the influence of

bFGF, it is worthwhile to investigate the usefulness of

exogenous bFGF supplement in restoring cognitive dys-

functions through dentate gyrus neurogenesis.

Therefore, in the present investigation an attempt has

been made to study the neurogenic potential of bFGF in

cognitive dysfunction induced by kainic acid in rats and

assessed by neurobehavioural, neurochemical, and immu-

nohistochemical parametres. The approach may suggest an

alternative to fetal hippocampal cell transplantation

towards long-term functional restoration in clinical cases.

Experimental procedures

Material

Kainic acid, chloral hydrate, 5-Bromodeoxyuridine

(BrdU), Atropine sulphate, haloperidol, normal goat serum

(NGS), primary monoclonal anti-cholinacetyltransferase

antibody, primary monoclonal anti bromodeoxyuridine

(BrdU) antibody, anti-mouse IgG antibody conjugated to

fluorescein isothiocyanate (FITC), anti-mouse IgG anti-

body conjugated to (TRITC) and anti-mouse IgG antibody

linked to peroxidase was purchased from Sigma Chemical

Co. (USA) Radio ligand [3H]-spiperone (specific activity

15.7 Ci/mmol), [3H]-Quinclidinyl benzilate (QNB) (spe-

cific activity 42.0 Ci/mmol) was obtained from Amersham,

(UK) and GF/C glass microfibre filters were obtained from

Whatman (USA). bFGF Human recombinant was procured

from Invitrogen, USA. All the other chemicals used in the

study were of AR grade, which were available locally.

Animals and treatment

Male albino rats of Wistar strain (200 ± 10 g, body weight)

obtained from the Industrial Toxicology Research Centre

animal breeding colony were used in this study. The ani-

mals were housed in plastic polypropylene cages under

standard animal house conditions with a 12 h light/dark

cycle and a temperature of 25 ± 2 �C, with free access to

drinking water and pellet diet (Hindustan Lever Laboratory

Animal Feed, Kolkata, India). The institutional animal care

and ethical committee approved all procedures of animal

experimentation (Ethical committee approval no. ITRC/

IAEC/23/2006)

Kainic acid lesion

Unilateral lesioning of CA3 subfield was performed by

intrahippocampal administration of kainic acid using ste-

reotaxic coordinates. In brief, rats were anesthetized with

chloral hydrate (300 mg/kg body wt in normal saline ip).

Fully anesthetized rats were then mounted into stereotaxic

apparatus (Stoelting Co. USA). The incisor bar was set at

3.7 mm below the interaural line. In each rat the dorsal

surface of the skull was exposed with midline incision, and

a burr hole was drilled using following coordinates; AP

3.7 mm caudal to bregma, and L 4.1 mm right lateral to

mid line and V 4.5 mm [34]. A 10 ll Hamilton syringe

fitted with a 25-gauge needle and filled with kainic acid

solution was placed over the burr hole and lowered 4.5 mm

below the surface of the dura and 0.4 lg /2 ll of KA was

injected at a rate of 0.2 ll/min [35] using auto injector

device attached with stereotaxic apparatus. The needle was

then left in place for 5 min and slowly retracted there after.

Control rats were subjected to the same protocol except

that kainic acid free normal saline solution was injected.

Exposure

Animals were assigned to four groups and were exposed as

mentioned below. After four weeks of kainic acid lesioning

of hippocampal CA3 region, animals were infused with

bFGF (0.5 lg/2 ll) twice in dentate gyrus region to
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investigate the mitogenic /differentiating effect of bFGF on

neurogenic cells of dentate gyrus. The functional recovery

was assessed using neurobehavioural, neurochemical, and

immunohistochemical parameters at four-week post last

bFGF infusion.

Experimental groups

1. Group I-(Sham)—received 2 lI of normal saline

2. Group II-(Sham +B)—received 2 lI of normal saline

and infused with bFGF

3. Group III-(L)—KA lesioned

4. Group IV-(L + B)—KA lesioned and infused with

bFGF

bFGF Infusion

bFGF was infused in dentate gyrus region of rats at one and

four week post lesioning through auto injector device

attached to stereotaxic apparatus following stereotaxic

coordinates AP—2.4, L 1.8 mm and V 4.1 mm to bregma

as discussed by Paxinos and Watson [34]. The co-ordinates

were similar to those used by Krug et al. [36]. bFGF

(0.5 lg/2 ll in phosphate buffer saline) was infused slowly

at the rate 1 ul/min. The needle was left in place for 5 min

and slowly retracted thereafter [37].

BrdU labeling

Mitogenic effect of bFGF infusion was tracked through

BrdU labeling. For this, animals received multiple (three–

four) injections of BrdU (50 mg/kg ip; dissolved in sterile

PBS). The animals, which were assessed after one week of

bFGF infusion received BrdU at 1st, 3rd and 7th day post

infusion. Animals assessed after four weeks of bFGF infu-

sion were given BrdU at 15th, 19th, 25th, and 29th day post

infusion [38].

Postoperative care

Individual animals were kept in a well-ventilated room at

25 ± 2 �C under observation till they recovered from

anesthesia, with pellet diet (ad libitum) and water.

Neurobehavioural

Maze learning behaviour

To assess cognitive functions (learning and memory), the

maze learning behaviour was evaluated in Y-maze

(Techno, India), according to Adhami et al. [39], employ-

ing foot shock motivated visual discrimination response.

This instrument consisted of three identical alleys or arms

(26 cm · 13 cm · 12 cm) connected at 120� angles by a

triangular central chamber. Scrambled foot shock could be

given through the grid floor independently in any two

alleys and in the central chamber at any one time, while the

third alley remained shock free and illuminated.

Animal to be tested was placed in one arm and allowed

to habituate for 2 min, followed by a session of 40 trials

per day for two days. Each trial consisted of delivering of

foot shock (0.5 mA) for 30 s to induce the animal to escape

to the illuminated arm. The direction of illumination was

changed (from clockwise to anti-clockwise) on each day of

testing. The number of shock received by entering another

shocked arm (incorrect arm) on each day of testing was

computed and the relearning index (RI) was calculated as

follows:

RI ¼ TS� RLS� 100=TS

TS is the number of shock received during test (first day),

and RLS the number of shocks received during relearning

(second day). The number of correct runs (C) made when

the direction of the illuminated arm was reversed was

calculated as follows:

C ¼ RLC� TC

RLC is the number of positive responses made during

relearning (second day); TC the number of positive

responses made during test (first day).

Neurochemical studies

Radio receptor assays

In order to assess changes in the regulation of cholinergic

(M) and/or dopamine (DA-D2) receptors, binding assay

was performed in the hippocampal synaptic membrane

preparations following the method of Agrawal et al. [40].

Rats were sacrificed by cervical dislocation followed by

decapitation and their brains were dissected quickly on ice

pack. Hippocampal region was dissected, weighed and

processed for membrane preparation. In brief, synaptic

membrane was prepared by homogenizing the tissue in 19

volume of prechilled 0.32 M sucrose followed by centri-

fugation at 50,000 g for 10 min. The pellet was

rehomogenized in 5 mM Tris–HCl (pH 7.4) in same vol-

ume and centrifuged at same speed for 10 min. This step

helps in removal of endogenous neurotransmitters as well

as neuronal cell lysis. The pellet was finally suspended in

40 mM Tris–HCl (pH 7.4) and stored at –20 �C till assay.
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The binding incubation for cholinergic (M) and/or dopa-

mine (DA-D2) was carried out in triplicate at 37 �C for

15 min using synaptic membrane fraction 100 ul, equiva-

lent to 250–300 ug protein, with 1 nM of 3H- QNB

(specific ligand for cholinergic-muscarinic receptors) or
3H-spiperone (specific ligand for DA-D2 receptor) in

40 mM Tris–HCl buffer. Parallel assay in triplicate using

high concentration (1 lM) of unlabelled atropine sulphate

(cholinergic antagonist) or haloperidol (DAD2 receptor

blocker) was carried out to determine non-specific binding.

After 15 min incubation at 37 �C, the reaction was termi-

nated by cooling the reaction mixture in ice, the contents

were filtered through glass micro fibre filters (Whatman

GF/C) under vacuum and washed twice with 5 ml cold

Tris–HCl buffer. The filters were dried and radioactivity

was counted in 5 ml of scintillation mixture in LKB Rack b
liquid scintillation counter (Packard Instrument, Germany)

having an efficiency of 50% for tritium. Specific binding

was calculated by subtracting non-specific binding

obtained in presence of unlabelled competitor from total

binding obtained in absence of atropine sulphate or halo-

peridol. The results are expressed in terms of pmole of

ligand bound/gm protein. Protein was estimated by the

method of [41].

Immunohistochemical study

ChAT/BrdU immunohistochemistry

A separate set of animals belonging to each group were

assessed for ChAT/BrdU immunoreactivity in hippocampal

CA3 and dentate gyrus region following the method of

Barone et al. [42]. The rats from each group were deeply

anesthetized with chloral hydrate (300 mg/kg, i.p.) and

perfused transcardially with 0.1 M phosphate-buffered

saline (PBS, pH 7.4), followed by 4% paraformaldehyde in

PBS for fixation of tissue. Brains were removed and post-

fixed in the same fixative for 24 h followed by transfer to

10, 20, and 30% sucrose (w/v) in PBS. Serial coronal

sections of 20 lm thicknesses were cut in freezing

microtome (Slee Mainz Co., Germany) [43]. Non-specific

binding sites were blocked by incubating the sections in

PBS containing 1.5% NGS, 0.5% BSA and 0.1% Triton

X-100. These sections were then incubated for 48 h in

primary antibody (anti-ChAT antibody, 1:500, anti-BrdU

antibody 1:500). After removing the primary antibody,

sections were washed three times with PBS and incubated

in peroxidase (1:100), FITC (green) or TRITC (red)

(1:200) linked secondary antibody for 2 h at room tem-

perature followed by three washes with PBS. Colour for

peroxidase was developed with DAB as chromogen. Sec-

tions were transferred onto gelatin-coated glass slides,

dehydrated, mounted in DPX, cover slipped and then

visualized under phase contrast microscope. The fluores-

cent labelled sections were mounted in anti-fade mounting

medium and were visualized under fluorescent microscope

using appropriate filters.

Image analysis

The immunostained slides for ChAT were analyzed using

Leica Qwin 500 image analysis software. The quantitative

stereology was performed for each slide in triplicate with

atleast 10 fields in each slide. The unbiased stereological

method was employed, where a person unknown to the

experimental design carried out the image analysis. The

activity was expressed in terms of the % area that showed

staining with DAB in respective fields.

Statistical analysis

Mean significant difference in the treatment groups was

determined using one-way analysis of variance (ANOVA).

The level of significance was analyzed by calculating the

least significant difference. Values of P \ 0.05 were con-

sidered to be statistically significant.

Result

General observation

No significant changes were observed in body weight, food

and water intake and gross abnormality in behaviour

between animals of lesioned and bFGF infused group,

when compared to sham.

Behavioural studies

Maze learning behaviour

The results are summarized in Table 1.

A significant impairment in the learning behaviour

indicated as relearning index (RI) was observed in the

kainic acid lesioned rats (RI 40%, P \ 0.001), when

compared with sham operated animals. Similarly the

memory retention as evident from frequency of positive

response DC (when the direction of the current was

reversed) was also impaired (38%, P \ 0.001) in lesioned

group. However the bFGF infused animals (four week post

lesion) exhibited a significant restoration in learning (35%,

P \ 0.001) and retention (86%, P \ 0.01).
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Neurochemical studies

Cholinergic (Muscarinic)/dopaminergic receptor

binding

The results are summarized in Fig. 1a and b.

The neurotransmitter receptor binding was carried out in

hippocampal area of lesioned animals. The results revealed

a significant decrease in cholinergic (58%, P \ 0.01) and

dopaminergic DA-D2 (39%, P \ 0.01%) receptor binding

in lesioned rats when compared with sham animals. The

bFGF infused animals four-week post infusion exhibited

significant restoration in cholinergic (76%, P \ 0.01) and

dopaminergic (DA-D2 46%, P \ 0.05) receptor binding

when compared with lesioned group. The result revealed

more pronounced affect on cholinergic system over the

dopaminergic receptor.

Immunohistochemical studies

Choline Acetyltransferase (ChAT) expression

The results of immunohistochemical studies in choline

acetyltransferase (ChAT) expression are summarized in

Fig. 2(a–f).

The neuroprotective/mitogenic affect of bFGF and

functional viability of cholinergic neurons in the hippo-

campal CA3 was further assessed by mapping the rate

limiting enzyme, ChAT for acetyl choline biosynthesis

using monoclonal antibody against ChAT. In KA lesioned

rats, number of surviving ChAT- ir neurons was signifi-

cantly less (Fig. 2b) as compared to those in the sham

group (Fig. 2a). Four weeks bFGF infused group exhibited

a significant increase in ChAT- ir neurons, when compared

to lesioned group (Fig. 2c).

In order to quantify total ChAT immunoreactivity in

ipsilateral hippocampal CA3 region, image analysis (ster-

eology) was performed in ChAT positive sections. Kainic

acid lesioning caused a significant decrease (P \ 0.001) in

ChAT- ir area as compared to sham. It is evident from the

result that number of ChAT- ir neurons is significantly

upregulation (65%, P \ 0.001) in bFGF infused group as

compared to lesioned rats (Fig. 3).

BrdU expression

To validate the extent of cell proliferation under the

influence of bFGF infusion in kainic acid lesion rats BrdU

labelled immunoreactive cells was assessed in DG region

Table 1 Shock induced visual discrimination response (Y-maze

learning) in Kainic acid lesioned and bFGF infused animals

Treatment groups R I DC

Sham 40.8 ± 2.67 8.10 ± 0.97

Sham + B 35.57 ± 2.66 7.60 ± 0.23

Kainic acid 16.51 ± 0.84a, ** 5.10 ± 0.48 a, *

Kainic acid + B/4 week 30.89 ± 2.22b, ** 7.87 ± 0.46 b, *

Values are mean ± SE of eight animals per group

* One-way ANOVA P \ 0.01

** One-way ANOVA P \ 0.001

Alphabet in superscripts signifies comparison to: a = versus sham;

b = versus Kainic acid lesioned

DC the number of correct runs made when the direction of the illu-

minated arm was reversed
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Fig. 1 (a) Cholinergic receptor binding in hippocampal synaptic

membranes of rats (sham, sham + B, KA lesioned and KA + B

groups). Significant decrease in cholinergic receptor binding in kainic

acid lesioned rats is evident as compared to sham. A significant

recovery in cholinergic receptor binding was observed in rats

receiving bFGF infusion as compared to lesioned rats. Values

represent mean ± SE of 8 rats. * One-way ANOVA, P \ 0.01.

Alphabet in superscripts signifies comparison to: a = versus sham;

b = versus KA lesioned. (b) DA-D2 receptor binding in hippocampal

synaptic membranes of rats belonging to sham, sham + B, KA

lesioned and KA + B infused groups. Significant decrease in DA-D2

receptor binding in kainic acid lesioned rats is evident as compared to

sham. A significant recovery of DA-D2 receptor binding was

observed in rats receiving bFGF infusion as compared to lesioned

rats. Values represent mean ± SE of 8 rats. One-way ANOVA, *

P \ 0.05, ** P \ 0.01. Alphabet in superscripts signifies comparison

to: a = versus sham; b = versus KA lesioned
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indicating the mitogenic effect of bFGF (Fig. 2g, h).

Number of BrdU-labelled cells observed in DG (Fig. 2g)

region and ChAT-ir positive cells (Fig. 2h).

Discussion

The regulation and manipulation of neurogenesis and

neurodegeneration via growth factor signaling has broad

implications for both the development of therapeutic

strategies for repair of CNS undergoing neurodegenerative

changes and for advancing our understanding of basic

cellular mechanisms of regeneration from brain injury.

In the present investigation, emphasis has been laid on

regenerative potential of intradentate bFGF administration

on functional recovery related to cognitive dysfunction

induced by kainic acid lesioning in rats and its possible

correlation with neurogenesis in dentate gyrus. Hippo-

campus occupies a key position within the limbic system

and has been associated with a variety of cognitive func-

tions and its degeneration leads to a number of behavioural

and neurochemical deficits [44, 45]. Hippocampus is

composed of mainly two specific region dentate gyrus and

Cornu Ammonis (CA) which is further differentiated into

fields CA1, CA2, and CA3.

A Unilateral lesioning of CA3 region with Kainic acid

reportedly causes degeneration of substantial pyramidal

neurons mainly cholinergic subtype in this region.

Intrahippocampal kainic acid lesioning further shows a

Fig. 2 Photomicrograph of

CA3/Dentate gyrus region of

hippocampal sections

illustrating ChAT-

immunoreactive neurons and

BrdU positive neurons of CA3

region KA lesioned rats (b) had

shown diminished ChAT

positivity as compared to sham

(a). Lesioned rats receiving

bFGF infusion (c) has shown

high expression of ChAT

immunopositive cells in

comparison to lesioned rats.

CA3 region has shown ChAT

positive cells (d) and BrdU

positive cells (e) and their

colocalization (f). DG region

has shown ChAT

immunopositive neurons (g) and

BrdU labelled neurons (h).

Scale bar = 350 lm (a,b,c),

150 lm (d,e,f), 200 lm (g,h)

Fig. 3 Image analysis of photomicrographs showing ChAT immu-

noreactivity (% area) in hippocampus of sham, sham + B, lesioned,

KA + B group of rats. The data represent mean ± SE of values

obtained from the quantitative stereology performed for each slide (in

triplicate, 10 microscopic fields) using Leica Qwin 500 image

analysis software. * P \ 0.01, ** P \ 0.001. Alphabet in superscripts

signifies comparison to: a = versus sham; b = versus KA lesioned
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uniform reduction in markers for cholinergic system as

evident from decrease cholinergic receptors along with

diminished ChAT immunoreactiviy of ipsilateral side

suggesting substantial degeneration of cholinergic neu-

rons. This correlates with earlier reports where the extent

of cholinergic loss was associated with severity of

memory impairment [46]. Consistent with the observed

loss of cholinergic neurons we found a lesion induced

impaired learning ability in lesioned animals as indicated

by decreased Y-Maze learning four week post lesioning.

A significant neurobehavioural restoration in KA lesioned

animals at four week following intradentate bFGF infu-

sion was also observed. However contrary to earlier

belief that central nervous system has no neuroregener-

ation, recently it was discovered that even in the

conditions of severe neuronal loss few areas of brain

have been imparted with the unique regenerative capacity

of continued neurogenesis through neuroprogenitor cell

proliferation, which was suggested to be regulated by the

level of neurotrophins [47–49]. Such a possibility cannot

be over ruled in our experiment where we observed a

significant neurobehavioural restoration in KA lesioned

rats four week following intradentate bFGF infusion. This

can be correlated with recent reports, where hippocampal

injury inflicted by Kainic acid was shown to provoke

production of new neurons in the adult DG as an

immediate response under the mitogenic influence of

enhanced neurotrophin release from dying neurons/reac-

tive glia [24, 50]. Such induction however was reportedly

not persistent and last for only few week post injury

parallel to normalization in the levels of neurotrophic

factors. To overcome, this reversal, we had selected two

infusion stages of mitogenic factor (bFGF) in our

experiment to cover early mitogenic phase and sub-

sequent differentiaon stage. We were able to track

significant mitogenic effect of bFGF on DG through

BrdU labeling one-week post infusion where a significant

number of BrdU immmunoreactve cells could be

observed. Further co-localization of BrdU and ChAT

Immunoreactivity post four-week infusion strongly sug-

gests its phenotypic conversion to cholinergic phenotype.

bFGF is reportedly a potent supporter of adult brain

neurogenesis and modulates proliferation and differenti-

ation of adult precursor cells as well [51, 52, 30, 53]. It

was further shown to enhance the neuronal survival and

to play a prominent role in the regulation of CNS

responses to injury by promoting neurotrophic factor

release [54–56]. bFGF treatment significantly increases

sprouting of cholinergic neurons of septodentate pathway

showing affinity for cholinergic neuronal fibre [54].

In addition to impaired cholinergic receptor, the

lesioned animals also exhibited significant decrease in

dopamine receptor binding as well. This effect could be

of significance in maintaining the synaptic plasticity of

this region [57, 58]. Further a restoration in dopamine

receptor binding in hippocampal region was observed in

bFGF infused animals, which can be correlated with

cholinergic recovery. The hippocampus receives rich

dopaminergic input particularly from the ventral teg-

mental area, and expresses DA receptors/enzymatic

machinery associated with dopaminergic target cells [59].

A functional role of the hippocampal dopaminergic sys-

tem has been substantiated in cognitive functions such as

positive reinforcement learning, visual discrimination and

passive avoidance behaviour [60]. Our observation on

upregulation of DAD2 receptor as part of bFGF infusion

in hippocampal region further strengthen the possibility of

mitogenic effect of bFGF on cholinergic and dopami-

nergic input which is lost as part of kainic acid lesion.

Our results suggests the possible mitogenic effect of

bFGF infusion on dentate gyrus (DG) region may poten-

tiate the ability of continuous dividing and regenerating

cells (progenitor cells) of DG (subgranular cells) and their

transformation to cholinergic type (phenotypic). A possi-

bility of migration of the new cells from lesioned CA3

region is also foreseen, as a possible repair mechanism.

The study further implicates the usefulness of mitogenic

influence of bFGF towards recovery in potentiating the

learning ability at early stage of dementia avoiding cell

replacement therapy.
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