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Facilitatory Effects of Acidic Fibroblast Growth Factor
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on Functional Recovery after Sciatic Nerve Injury

Bae Hwan Lee Fun Jung Kim Kyung Hee Lee Se Jung Jung Yong Gou Park'

Medical Research Cemter, Brain Research Institute, Department of Neurosurgery,

Yonsei University College of Medicine

Acidic fibroblast growth factor(aFGF) has been shown to increase regeneration across a gap
between the proximal and distal stumps of a transected nerve. In the present study, we
examined sensory axon regeneration using an electrophysiological technique in order to
investigate the effects of aFGF on regeneration of peripheral nerve axons after injury. Under
pentobarbital anesthesia, male Sprague-Dawley rats were subjected to one of three different
types of injury(crush, ligation, and sham injury models). The rats received iv. injections of
aFGF for ten days from the day of surgery. Twenty five days after injury, the rats were
anaesthetized with urethane and the somatosensory evoked potentials(SSEPs) were recorded
following sciatic nerve stimulation. aFGE significantly shortened the latencies of the SSEPs in
crush injury model compared to the vehicle treated rats. In the case of ligation injury model,
aFGF tended to shorten the latencies but the differences between aFGF and vehicle treated
rats were not statistically significant. These results suggest that aFGF facilitates functional

recovery after sciatic nerve injury.
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Injury to a peripheral nerve often results in
functional disorders in humans and animals. In
this case, physiologic repair is important for
functional recovery or regeneration following
nerve injury and the presence of specific
neuronotropic facrors might enhance the process.

Acidic fibroblast growth factor(@FGF) has been
shown to be present in high concentrations in
peripheral nerves compared to other parts of the
nervous system(Eckenstein, Shipley, & Nishi,
1991). In the intact sciatic nerve of the rat, the
levels of aFGF are about 1000 fold higher than
those of nerve growth factor(Ishikawa, Nishikori,
Furukawa, Hayashi, & Furukawa, 1992).

Endogenous aFGF has been shown to be
present in both motor and sensory components of
peripheral nerves(Elde, Cao, Cintra, Brelje, Pelto-
Huikko, Junttila, Fuxe, Pettersson, & Hokfelr, 1991;
Ishikawa et al, 1992) but different factors may
regulate functional recovery in these two populations.

In the present study, we examined the
functional recovery of sensory axons using an
electrophysiological  technique in  order to

investigare the effects of aFGF on conduction of

sensory nerve axons after injury.

MATERIALS AND METHODS

Subjects and Surgery

A total of thirty five male Sprague-Dawley

rats(Dachan  Biolink, Korea) with body weights
between 250-350g were used. Anaesthesia was
induced by intraperitoneal injection of sodium
pentobarbitzﬂ(Entobar@). The left sciatic nerve was
exposed where it emerged from beneath the
middle gluteal muscle.

Each rat received one of three different types
of injury. For example, in the case of crush
(crush group), the nerve was crushed at this
marked point using a pair of forceps with
0.5-mm-wide tips. In ligation group, the nerve
was tightly ligated with 4.0 silk thread. In sham
group, the surgery was identical except for
leaving the nerve intact. The wound was closed
in layers, and the rat allowed to recover from
anaesthesia. During recovery the rats were
observed contituously until the righting reflex
was restored and chen returned t cheir home
cage, where they were group housed.

Rats received iv. injections of aFGF with a
dose volume of 1 mlkg or vehicle into the tail
vein daily for ten days, starting on day O(day of

surgery).
Electrophysiological Recording

Twenty five days after injury, the rats were
anaesthetized with urethane(1.25g/kg). The trachea,
left jugular vein and left carotid artery were

capnulated to enable artifical respiration, the

administration of drugs and solutions and the

recording  of systemic asterial blood  pressure,
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respectively. Body temperature was maintained at
375C by

feedback control from a rectal probe thermistor.

an electric heating blanket with

The injured nerve was exposed and freed from
surrounding  connective tissue along its entire
length from above the site of the injury to
below the trifurcation at the level of the knee.
Once the preparative surgery was completed, the
rat was given pancuronium bromide(2mg/kg/h) to
prevent movement artifacts and  artificially
ventilated. Adequate anaesthesia was ensured in
the absence of neuromuscular block by maintaining
areflexia. After neuromuscular blockade the depth
of anaesthesia was monitored by observing
pupillary reflexes and maintained such that no
precipitate changes in blood pressure were observed
on the application of a noxious pinch stimulus.
The sciatic nerve was placed on silver bipolar
stimulating electrodes and stimulated(0.1ms square
pulse) with increasing intensity ranging from 0.05
to 9 mA. The somatosensory evoked potentials
(SSEPs) were recorded from the cerebral cortex
using disk-type bipolar electrode. As 6 mA square
pulses tended to produced consistent SSEPs, data
from SSEPs evoked by 6 mA current were
analyzed. For each measurement, the responses to

20 stimuli were collected and averaged using a

CED 1401 interface and a 586 personal computer.

Statistical Analysis

Statistical analysis was performed on the raw

data from SSEPs using the SigmaStat software

package. Differences between  groups(aFGE  vs.
vehicle) in each injury type were tested with
Student's t-test. Differences for which p<0.05

were taken to be statistically significant.

RESULTS

At the hindlimb area of the cortex, SSEPs
were recorded on stimulation of the sciatic nerve.
Results of the electrophysiological studies are
summarized in the figures. At 25 days, the
Jatencies of the somatosensory evoked potentials
(SSEPs) in the aFGF treated rats tended to be
substantially shortened than those of the vehicle
treated rats, indicating functional recovery from
nerve injury. Figure 1 shows representative wave
forms of SSEPs evoked by stimulation of the
sciatic nerve in each group with different types
of nerve injury. The amplitudes of the SSEPs
tended to be higher in the aFGF treated rats
than those of the vehicle treated rats. However,
as the trend of changes in the amplitudes were
not consistent, the data of amplitudes were not
included in statistical analysis. In contrast, the
latencies of SSEPs were consistent and analysed
statistically.

In figures 2, the mean latencies of the SSEPs
evoked by sciatic stimulation with 0.4 mA square
pulses were compared. In sham operated rats, the

latencies of the SSEPs of aFGF injected rats

- 41 -



S0mesec

20T L
——
}

O, TMA cnimpusy pporen, s g, g

Crush * Ligation
Contral

A
ama, f"ﬁ::x\
TmA N
Brms Pl
5ma, A
3mé, %, /,f&,,»
Tran e

0,6mA . L R 1
O, 4ma, - ey gt
0.2mé - e __
Q. Ima gy S N
0. 0BmA w . 4 ey
A [ Y i
Crush _igation Sham
Treatment

Figure 1. Representative wave forms of somatosensory evoked potentials
from each group on day 25 p.o. Arrow indicates stimulus artifact.
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Figure 2. Comparisons of mean latencies of the somatosensory
evoked potentials following sciatic nerve stimulation
on p.o. 25 day. (*p{0.05).
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(n=0) were similar to those of vehicle treated
rats(0)  (((10)=1.10, p>0.05). In crush injury
model, the latencies of the SSEPs of aFGF
injected rats(n=6) were shortened significantly
compared to those of the vehicle treated rats
(n=06) ((10)=3.19, p<0.05). In the case of
ligation injury model, the latencies of the SSEPs
of aFGF injected rats(n=0) were not different
from those of the vehicle treated rats(n=3)

(€(9)=0.46, p>0.05).

DISCUSSICN

According to an immunocytochemical study,
high levels of aFGF are naturally found in the

cell bodies
peripheral

run in

This

whose  axons
1991).

endogenous growth factor may play a role in

of neurons

nerves(Elde et al,

physiclogic repair after nerve injury.

In the present study, we tested the effects of
exogenously applied aFGF on regeneration
following a crush or ligation injury of the sciatic
nerve in the rat. The administration of aFGF
systemically once daily significantly enhanced the
regeneration of sensory axons in the sciatic nerve
of the rat after a crush injury, whereas there
were no effects in the other injury model. This
phenomenon is not easy to explain. Two
hypothesis may be helpful to explain it as
follows:
neuronal  cell

Firstly, aFGF may act on

directly. A crush injury causes only very local
damage to the non-neuronal supporting cells and
does not disrupt the endoneurial tubes. In the
absence of a gap, any enhancement of functional
recovery by aFGE is likely to be attributable to
increased axonal extension, rather than due to an
indirect  effect mediated by enhancing  the
outgrowth of supporting cells. Therefore, aFGF
may exert its effects directly on neuronal cells.
It has been shown to promote the survival,
neurotransmitter synthesis and neurite outgrowth
of neuronal cells in culture independently of its
actions on non-neuronal cells(Unsicker, Grothe,
Ludecke, Otto, & Westermann, 1993). Non-specific
fibroblast growth factor receptor mRNA has been
reported to be present in motoneurons(Wanaka,
Johnson, & Millbrandt, 1990), although there is
licle information on the presence of fibroblast
growth factor receptors on primary sensory
afferents. It is also possible that fibroblast growth
factor receptors appear on neurons o2 move after
injury.

Secondly, 2FGF may also have indirect effects
on neuronal cells, via an action on the non-
neuronal supporting cells in  peripheral nerve
(Unsicker et al., 1993). aFGF immunoreactivity in
peripheral nerve is found associated with the
plasma membrane of axons on the cytoplasmic
side(Elde et al,, 1991). Disruption of the axon
membranes during Wallerian  degeneration s
likely to release endogenous aFGF, which may

act as the first signal initiating the cellular and
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molecular cascade necessary to initiate and sustain
before being fully degraded or

1991). For

regeneration
diftusing away(Eckenstein et al,,
example, both isolated axonal membranes and
aFGE have strong mitogenic effects on Schwann
cells in vitro. Thus, the release of endogenous
alFGF from the damaged axons may promote the
massive increase in Schwann cells in an injured
nerve(Raivich & Kreutzberg, 1993).

It seems to be possible that aFGF exerts its
effects on neuronal cell either directly or
indirectly. Fowever, the precise mechanisms that
aFGF enhances functional recovery after injury is
uncertain. Here, we can postulate ewo possibilities,
aFGF  prevents = post-axotomy  neuronal

Firstly,

death peripheral nerve(Cuevas, Carceller, &
Gimenez-Gallego, 19952). There is also evidence
that aFGF prevents death of spinal cord
motoneruons in newborn rats after nerve section
(Caevas, Carceller, & Gimenez-Gallego, 1995b).
Secondly, aFGF also enhances peripheral nerve
regeneration Seckel,

D'Amore, Wagner, & Madison, 1989). This kind

in  vivo(Cordeiro, Lipton,
of progressive regeneration may contribute to the
gradual funciional recovery.

The present study demonstrated that a
stimulatory effece on functional recovery could be
obtained with systemic daily administration of
aFGF. This indicates that aFGF may be clinically
useful when given locally to promote nerve repair
and also when given systemically to trear patients

with mono- or polyneuropathy.
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