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Neuropathic Pain Intensity Depends on the Degree of Peripheral Nerve Injury in the Rat

Tayier Abuduhadeer

Neuropharmacology, Nippon Medical School, Graduate School of Medicine

Abstract

Partial peripheral nerve injury produces a persistent neuropathic pain which is difficult to
relieve. In order to determine whether different degrees of peripheral nerve injury are related
with the severity of neuropathic pain, we examined pain-related behaviors, histological changes
and NGF in the skin in rats treated with different types of spinal nerve injury: tight ligation of
the left L5 spinal nerve, incomplete ligation of the left L4 and L5 spinal nerves and incomplete
crush of the left L4 and L5 spinal nerves.

In all model rats, the thresholds of paw withdrawal in response to mechanical and heat
stimuli began to decrease on the injured side 1 day after the operation, and the decreases in
the thresholds persisted for more than 1 month. Incomplete ligation and incomplete crush of
the left L4 and L5 spinal nerves caused more severe allodynia and hyperalgesia than tight
ligation of the left L5 spinal nerve on the injured side. In rats treated with incomplete crush,
the threshold of withdrawal response to mechanical or heat stimuli was improved on day 32
after the operation as compared with that on day 15.

Histological analysis revealed that about 800 of the fibers in the sciatic nerve were
injured after incomplete ligation and incomplete crush of the left L4 and L5 spinal nerves on
day 15, while about 500 of the fibers were damaged by tight ligation of the left L5 spinal
nerve. In accordance with pain-relieving, the sciatic nerve fibers regenerated to about 5000 of
the number of the intact sciatic nerve fibers on day 32 in the crush model.

Nerve growth factor0 NGFOin the skin of the hindpaw on the injured side was
accumulated after incomplete ligation and incomplete crush of the left L4 and L5 spinal nerves,
but not tight ligation of the left L5 spinal nerve, on day 15 after the operation, possibly due to
impairment of transport via unmyelinated primary afferents. Regeneration of the sciatic nerve
alleviated the accumulation of NGF in the injured side hindpaw skin on day 32.

The present results suggested that the severity of neuropathic pain was related with the
degrees of both degeneration and/or regeneration of myelinated fibers and of functional
damage of unmyelinated fibers.
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Fig. 1 Time courses of pain-related behaviors in the rats with nerve injuries.

Foot withdrawal was examined on the operated left sidel] closed squresU or intact right sidelJ open squres(d in
response to mechanicalC A, C, E, GO or thermalO B, D, F, HO stimuli applied to the corresponding hindpaw pad in
the rats treated with sham operationd A, B, n( 60 tight ligation of left L5 spinal nervel group |, C, D, nO 140
incomplete ligation of the left L4, L5 spinal nervest group Il, E, F, nO 100 or incomplete crush of the left L4, L5
spinal nervesO group I, G, H, nO 100 Mechanical stimulus was applied with von Frey filaments and thermal
stimulus was with a radiant heat equipment. Values are expressed as meant s.e. mean. R, the right side, L, the
left side.
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Fig. 2 Comparisons of pain-related behaviors between the rats with nerve injuries.
Foot withdrawal was examined on the operated left sidé] A, B[br intact right sidél C, DCin response to mechanical
O A, CO or thermald B, DO stimuli applied to the corresponding hindpaw pad in the rats treated with tight ligation
of left L5 spinal nervel group I, open column, n(J 1400, incomplete ligation of the left L4, L5 spinal nerved] group I,
closed column, nO 1000 or incomplete crush of the left L4, L5 spinal nerves( group |11, hatched column, n( 100
before, 15 days or 32 days after the operation. Mechanical and thermal stimuli were applied with von Frey
filaments and a radiant heat equipment, respectively. Values are expressed as meanz s.e. mean. JOO PO 0.001
compared with values of each group by Tukey-Kramer multiple comparisons.
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Fig. 3 Histological analysis of the sciatic nerve in the rats with nerve injuries.

Transverse sections of sciatic nerve in rats treated with tight ligation of left L5 spinal nerved A, B, nO 3 for each
groupl] incomplete ligation of the left L4, L5 spinal nerves C, D, nO 3 for each groupO or incomplete crush of the
left L4, L5 spinal nervesO E, F, G, nO0 3 for each groupO on the day 150 A, C, Ed and 320 B, D, F, GO and in sham-
operated rats] H, nO 3] Epoxy resin sections of the sciatic nerve in 1 pum-thickness were stained with toluidine
blue. Scale bar, 50 um except 25 pm in G.

OO0 15000 3200000000000Fig. 2CcO

DO pO 0.00110

2 OOOoOOod
oobooooobooobowgoosooo wog
Oeb0O0O0O0ODOOOOOOOOOOOOOOOOO



J Nippon Med Sch 2004; 70 60

A ano -
L W 150-L
L B3 320-L

|A| Wk
e

g &

g

200

g

100 r =

NGF pg/img total protein

=
;ju
=

Confrol I II [l

NGF pg/mg tolal protein - @

405

400

350 | m150-R

100 ,SED-R

2580

200 F

1850 |

100 F

50 | b -
Control I 1] 1]

Fig. 4 NGF in the skin in the rats with nerve injuries.
Expression of NGF content was examined in the skin of leftd A and rightd BO hind feet in the rats treated with tight
ligation of left L5 spinal nervél group I, incomplete ligation of the left L4, L5 spinal nerves] group 11Cor incomplete crush
of the left L4, L5 spinal nerved] group 111015 dayd] closed column, nO 5 for each modelCor 32 dayd] hatched column, nO
12, 8, 100 after the operations. NGF content in the skin of leftd AOor rightQl BO hind feet of sham-operated 7- and 9-week-
old rats was expressed as controld open column, n 1100 NGF protein was assayed using two-site EIA, and values are
expressed as meant se. mean. OO PO0.001 compared with values of each group by Tukey-Kramer multiple

comparisons.
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