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Intranasal administration o f  acidic fibroblast growth factor suppressed the development of 
oligokinesia and muscular rigidity and elevated the content of  dopamine and its metabolites 
(dihydroxyphenylacetic acid and homovanillic acid ) in the striatum of 7-month-old mice with 
MPTP-induced Parkinsonian syndrome. In 14-month-old mice the antiparkinsonic effect of 
acidic fibroblast growth factor was weakened or absent. It is suggested that this factor is able 
to attenuate or postpone degeneration and death of  nigral dopaminergic neurons. 
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It is known that dopaminergic neurons of  the sub- 
stantia nigra in rats, monkeys,  and humans are sensi- 
tive to acidic and basic fibroblast growth factors (aFGF 
and bFGF, respectively), which exert a neurotrophic 
effect and protect these ceils from toxic effects  o f  
MPTP (1-methyl-4-phenyl- 1,2,3,6-tetrahydropyridine), 
1-methyl-4-phenylpyridine and 6-OHDA (6-hydro-  
xydopamine)  [3,4,8,13,15,16]. We have prev ious ly  
shown that aFGF and b F G F  on intranasal admini-  
stration weaken oligokinesia, muscular rigidity, and 
tremor and reduce neuronal degeneration in the sub- 
stantia nigra of  middle-aged (7-month-old) mice with 
MPTP-induced Parkinsonian syndrome [1,9]. It was 
reported that intrastriatal administration of  aFGF to 
young mice pretreated with MPTP increased the stria- 
tal level of  dopamine and tyrosine hydroxylase activity 
[6]. In old animals aFGF produced no such effects [6]. 
In the present study we investigated the effect o f  intra- 
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nasal administration of aFGF on the development of 
Parkinsonian syndrome in MPTP-treated middle-aged 
and old mice and on the striatal level of dopamine and 
its metabolites. 

MATERIALS AND METHODS 

Experiments were carried out on male C57B 1/6 mice 
aged 7 and 14 months. Intraperitoneal injections of  
MPTP were given lbr 10 days (20 mg/kg, twice a day 
with 12-h intervals) to develop Parkirhsonian syndrome. 
Bilateral intranasal administrations of  al:GF in a dose 
of 3 pg per animal were perlbrmed with a Hamilton 
syringe 30 min prior to the first MPTP injection and 
then on days 3 and 5 of  MPTP treatment. Immediately 
before administration, heparin was added to aFGF 
solution (1 pg/ml) to increase its activity [5]. The 
aFGF (R & D Systems Inc.) was kindly given by Pros 
Y. Oomura. The mice were divided into 3 groups: 
group 1 received intraperitoneal MPTP and intranasal 
aFGF; group 2 received intraperitoneal MPTP and 
intranasal saline; group 3 (control) received saline 
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both intraperitoneally and intranasally. The develop- 
ment of Parkinsonian syndrome was assessed by oligo- 
kinesia and muscular rigidity score [1]. Oligokinesia 
was quantified by measuring locomotor activity and 
rearings. Locomotor activity was measured in a Opto- 
Varimex-3 system (Columbus Instr.) before and 5 and 
10 days after treatment and expressed in percents of 
control (locomotor activity of control mice was taken as 
100%). The animals were decapitated on the 1 lth day 
between 10.00 and 12.00. The brain was removed and 
striatum was dissected at 0-4~ The contents of dop- 
amine, dihydroxyphenylacetic acid (DOPA), and homo- 
vanillic acid (HVA) were measured by high-perfor- 
mance liquid chromatography (HPLC) with electro- 
chemical detection [2]. Statistical analysis was perfor- 
med using Student's t test and by analysis of  variance 
(ANOVA) with post hoc Newman--Keuls  test. 

R ES U LTS 

On the 5th day of  MPTP treatment locomotor activity 
of the middle-aged and old mice decreased by 8-10% 
and remained lowered until the end of  the treatment 
(Fig. 1). Administration of aFGF increased the loco- 
motor activity of  the middle-aged mice on the 5th day 
and completely restored it on the 10th day. In old 
mice, aFGF insignificantly increased locomotor ac- 
tivity on both test days. The number  of  rearings in 
MPTP-treated middle-aged mice became as low as 
18% of  the control value on the 5th day of treatment, 
and practically no rearings were recorded on the 10th 
day. Although intranasal aFGF did not prevent the 
drop in rearings, their number was higher than in the 
control group on both test days. Intranasal aFGF did 
not affect the number of  rearings in MPTP-treated old 
mice. Muscula r  r igidi ty  was observed  in 87% of  
MPTP-treated 7-month-old mice and in all 14-month- 
old mice. Intranasal aFGF administration significantly 
attenuated rigidity in the middle-aged mice: it was 
observed in only 25% animals and its score decreased 
from 2 to 1.2 (day 5) and then to 1.1 points (day 10). In 
MPTP-treated old mice, aFGF slightly alleviated the 
symptom (rigidity was observed in 90% of  the cases), 
but rigidity score remained unaffected (2.3-2.4 points) 
(Fig. 2). 

HPLC data showed that the content of  dopamine, 
DOPAC and HVA in the striatum of  the middle-aged 
mice with Parkinsonian syndrome was reduced by 77, 
82, and 86%, respectively, compared to the control. 
The rate of  dopamine turnover (HVAJdopamine ratio) 
decreased 2-fold and the total content of  dopamine, 
DOPAC and HVA decreased 4.8-fold in comparison 
with the control: In MPTP-treated middle-aged mice, 
intranasal aFGF induced a 2-fold elevation of striatal 
dopamine. It also increased the contents of  DOPAC 
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Fig. 1. Motor activity in mice of different ages after systemic ad- 
ministration of MPTP and intranasal administration of acidic fibre- 
blast growth factor (aFGF). 1) saline; 2) MPTP, 7-month-old mice; 
3) MPTP+aFGF, 7-month-old mice; 4) MPTP, 14-month-old mice; 
5) MPTP+aFGF, 14-month-old mice; Here and in Fig. 2: p<0.05: *in 
comparison with the control; *in comparison with MPTP-treated 
animals. 

(2.5-fold) and HVA (5-fold), so that the total level of 
dopamine, DOPAC and HVA became 2.1 times higher 
(Fig. 3). aFGF increased the rate of dopamine turn- 
over: the DOPAC/dopamine and HVA/dopamine ra- 
tios increased by 36% and 2.8-fold, respectively. In 
14-month-old mice, MPTP considerably reduced the 
content of  dopamine, DOPAC and HVA in lhe slria- 
turn, while combined administration of  MPTP and 
aFGF had no effect on these parameters. 

Thus, preliminary and repeated treatmenl with 
aFGF weakened oligokinesia and rigidity and elevated 
striatal content of dopamine and its metabolites in 
middle-aged mice with Parkinsonian syndrome induced 
by 10-day MPTP treatment. It is noteworthy thai these 
effects were observed after intranasal administration 
which suggests ready penetration of  the peplide ad- 
ministered by this route to the brain tissue. II is pos-  
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Fig. 2. Muscular rigidity in 7- (1,2) and 14- (3,4) month-old mice after 
systemic administration of MPTP alone (1,3) or in combination with 
acidic fibrobrast growth factor (2,4). 
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Fig. 3. Striatal content of dopamine (a) DOPAC (b), and homovanillic 
acid (c) and their total content (d) in middle-aged mice after treatment 
with saline (1), MPTP (2), and MPTP+acidic fibroblast growth factor 
(3). Ordinates: concentration, nmol/g tissue. 

sible that long-term administration of MPTP affected 
permeability of  the blood-brain barrier. Another way 
of  reaching the brain from the nasal cavity bypassing 
the blood-brain barrier is the olfactory tract. Intranasal 
aFGF seemed to intensify dopamine synthesis in the 
preserved neurons of the nigrostriatal system, as evi- 
denced by the elevated content of dopamine, DOPAC, 
and HVA and accelerated dopamine turnover in the 
striatum of  the middle-aged mice with Parkinsonian 
syndrome treated with aFGF. Judging from the in- 
creased level of  the two dopamine metabolites, aFGF 
intensified both the intracellular (DOPAC) and extra- 
cellular (HVA) metabolism of dopamine. 

It has been shown that intrastriatal administration 
o f  aFGF to 6-OHDA- or MPTP-treated animals re- 
duced the number of amphetamine-induced rotations 
and increased tyrosine hydroxylase activity and the 
striatal level of  dopamine and DOPAC [6,7]. Intra- 
cerebroventricular administration of bFGF partially 
restored the striatal content of  dopamine and DOPAC 
in MPTP-treated mice. It should be noted that these 
effects were observed only in young (2-3-month-old) 
or middle-aged (7-month-old) animals, which is in line 
with our results. Weak or absent neuroprotective ef- 
fects of aFGF in old animals can be explained by the 

age-related decrease in the density of aFGF receptors in 
the substantia nigra pars compacta [16]. 

The mechanisms of  aFGF neuroprotective effects 
in Parkinsonism remain obscure. It has been suggested 
that FGFs are involved in the cascade of cell reactions 
providing postimpairment repair of  nigrostriate dopa- 
minergic neurons. It has been shown that bFGF in- 
hibited Ca2+-induced apoptosis of rat cortical neurons 
in culture [14]. In gerbil hippocampal slices, aFGF 
prevented the ischemia-induced increase in i ntracellu- 
lar Ca 2+ [10]. The FGF-induced reduction in intra- 
neuronal Ca 2§ accumulation is thought to be due to ac- 
tivation of the Ca2§ or protein kinase C [11,12]. 

The protective action of  aFGF on the dopami- 
nergic neurons can be attributed to its ability to delay 
or attenuate their degeneration. Our previous studies 
showed that aFGF reduced the number of  impaired 
nigral neurons in mice with MPTP-induced Parkinso- 
nism by 63% [9]. 
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