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Abstract (J. Kor. Oral Maxillofac. Surg. 2006;32:295-307)

EXPERIMENTAL STUDY OF PERIPHERAL NERVE REGENERATION BY USING
NON-TUBULAR NATURAL CELLULOSE MEMBRANE NERVE CONDUIT

Soung-Min Kim, Jong-Ho Lee?, Suk-Keun Lee?
Department of Oral and Maxillofacial Surgery, College of Dentistry, Kangnung National University,
'Department of Oral and Maxillofacial Surgery, Graduate School of Dentistry, Seoul National University,
’Department of Oral Pathology, College of Dentistry, Kangnung National University

Styela clava, called non-native tunicate or sea squirt, is habitat which include bays and harbors in Korea and severa sitesin the seafaced world. We
fabricate cellulose membrane nerve conduit (CMNC) from this native sea squirt skin, and eva uate the capacity of promoting peripheral nerve regener-
ation in the rat sciatic nerve defect model.

After processing the pure cellulose membrane from the sea squirt skin as we aready published before, CMNC was designed as a non-tubular sheet
with 14 mm length and 4 mm width. Total eleven male Spraque-Dawley rats (12 weeks, weighing 250 to 300g) were divided into sham group (n=2),
silicone tube grafted control group (n=3) and experimental group (n=6). Each CMNC grafted nerve was evaluated after 4, 8 and 12 weeks in the
experimental group, and after 12 weeks, sciatic function was evaluated with sciatic function index (SFI) and gait analysis, and histomorphology of
nerve conduit and the innervated tissues of sciatic nerve were all examined using image analyzer and el ectromicroscopic methods in the al groups.

The regenerated axon and nerve sheath were found only in the inner surface of the CMNC after 4 weeks and became more thicker after 8 and 12
weeks. Inthe TEM study, CMNC grafted group showed more abundant organized myelinated nerve fibers with thickened extracellular matrix than sil-
icone conduit grafted group after 12 weeks. The sciatic function index (SFI1) and ankle stance angle (ASA) in the functional evauation were -47.2+
3.9, 355" +£4.9° in CMNC grafted group (n=2) and -80.4+ 7.4, 29.2° +5.3" in silicone conduit grafted group (n=3), respectively. And the myelinated
axon was 41.59% in CMNC group and 9.51% in silicone conduit group to the sham group.

The development of a bioactive CMNC to replace autogenous nerve grafts offers a potential and available approach to improved periphera nerve
regeneration. As we aready published before, small peptide fragment derived from the basement membrane matrix proteins of squirt skin, which isa
kind of anchoring protein composed of glycocalyx, induced the effective axona regeneration with rapid growth of Schwann cells benesth the inner
surface of CMNC. So the possihilities of clinical application as a peripheral nerve regeneration will be able to be suggested.

Key words: Ankle stance angle (ASA), Cellulose membrane nerve conduit (CMNC), Peripheral nerve regeneration, Sciatic function index (SFI),
Schwann cell, Styelaclava
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Fig. 1. Preparation of sterilized cellulose membrane.
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Fig. 2. Modification of a silicon tube (Internal Dia-
meter 1.98 mm, length 14 mm).
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Fig. 3. Photographs of grafted non-tubular cellulose
membrane nerve conduit in experimental group.
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Fig. 6. Photograph showing steal image of the mid-stance phase of a step cycle ASA (the ankle joint angle measured at
the mid-stance phase of the step cycle, formed by two lines, to the shank and another connecting the lateral

malleolus and the head of the fourth metatarsal).
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. Gross evaluation of auto-mutilation after 12 weeks.

a. no auto-mutilation of sham group (n=2)

b. mild auto-mutilation of experimental group (n=2)
¢. moderate auto-mutilation of control group (n=2)
d. severe auto-mutilation of control group (n=1)
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Fig. 9. Photomicrographs of cross section in the mid-portion of nerve conduit after 4 weeks in the experimental group (x200).

a. Photomicrograph of H&E staining
b. Photomicrograph of MT staining
¢. Photomicrograph axon and myelin LFB staining

Fig. 10. Photomicrographs of cross section in the mid-portion of nerve conduit after 8 weeks in the experimental group (x200).

a. Photomicrograph of H&E staining
b. Photomicrograph of MT staining
¢. Photomicrograph axon and myelin LFB staining
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Fig. 11. Photomicrographs of cross section in the mid-portion of nerve conduit after 12 weeks in the experimental group (x400).

a. Photomicrograph of H&E staining
b. Photomicrograph of MT staining
¢. Photomicrograph axon and myelin LFB staining

Fig. 12. Photomicrogaphs of cross-sectional view in
the mid-portion of nerve conduit, in the control
group (H&E staining, x200).
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Fig. 13. Photomicrogaphs of cross-sectional view of axon and myelin in the mid-portion of nerve conduit (toluidine blue
stained, x200).
a. Photomicrograph in sham group
b. Photomicrograph in experimental group
¢. Photomicrograph in control group

Fig. 14. Transmission electron photomicrographs of cross section in the mid-portion of nerve conduit (x3,000).
a. Photomicrograph showing well myelinated fibers aligned with Schwann cells and extracellular collagen matrix in
sham group
b. Photomicrograph showing small numbers of axons with thin disorganized myelinated fibers in the experimental
group
¢. Photomicrograph showing small myelinated fibers with many inflammatory cells in the control group

Table 1. Comparisons of axon counts

Totd axons Myelinated axons Unmyelinated axons
Sham 850+47.2 452+384 332+359
Control 20224 4332 1464145
(29.40%) (951%)
Experi 420+324 188+74 N4+154
(49.41%) (41.59%)

All datawere counted using an image andyzer (ImegeTool®) and significant (p<0.05).
The % cd culation wasthe ratio to sham group cournt.
Undeared mydinated axonsweredl excluded to the esch counts.
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Table 2. Comparison of Sciatic Function Index (SFI) and
Ankle Stance Angle (ASA) after 12 weeks

SH ASA (degreey"])*
Sham 180+92 460+85
Control -804+74 202+53
Experimenta -472+39 365+49
*p<0.05

SFI : (-383% PLF) + (1095x TSF) + (133 % ITF) - 88
PLF = (EPL-NPL)/NPL, TSF=(ETSNTS)/NTS,
ITF=(EIT-NIT)/NIT

TS: Toe Spread, IT : Intermediate Toe spread,
PL : Print length, the operated foot : ETS, EIT and EPL,
non-operated foot : NTS, NIT and NPL
ASA : At the mid-stance phase of the step cycle, formed by two lines, one
referring to the shank and another connecting the lateral malleolus
and the head of the fourth metatarsal bone.
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Q1ak7] 919k &35 254 2] (CMAP, compound musdle action
potentids) 7} 7+71A173 €] 7153 5-& AALst7] 919k 24977t
24 9] (SEP, somatosensory evoked potentia9) = LHro] A3 8}
A =k A AN g4 %3} (demyelination)= A X & 7
(cytoskeletd dements)ol] = M 32 714 9.7 H=1), 71HA
== (depletion) =} A 3] A | =3 (poor mydination) = =
A A7 A AY FHAaE o B A Ao 72t
715 31 5o] @A 8] oA A Hrh? & A AL A
FEAHE vlat] flete] 125 A A Akl o, A=
o] At AAE A7t HI A FE v AEE Y
oA FA A XKkl FodAE AAE A= A st
ATE olell thalstod 42 7bsf A &= (auto-mutilation) S ¥z
e 2o E 77bal7 o] A ARE FRlst=d, ol o
stR Y5 A A A AAREH ol SFH T e T
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ten)E & 7Fsk it ol = Bk A g ol A A e 4% 3
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#2885 Ad ol Hlal Thget Al A A g S 7= AL
2 OF_].-E:] Xq o) ]q_%%]
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