Experimental Studies on the Role of the Schwann
Cell in Peripheral Nerve Regeneration
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Fig.1. Longitudinal section of the proximal suture site one week after frozen
nerve grafting. On the left side of the suture line, retrograde Wallerian
degeneration of the nerve fibers is seen. The left side of the following

longitudinal sections is the proximal side of the nerve. Silver-impregnated
stain, X40.

Fig. 2.

Midportion of the frozen nerve graft 3 weeks after transplantation. Only
a few fibers with small diameters are regenerating through the axon debris of
the graft. Silver-impregnated stain, X100.




KEEEEA BT 5y 27 o MR EE 959

ATODAREELH D Zh 2B BN TEE LKA
5%, OMBEEEAL TS 4EE T2EMS 5125
EMEMME, C-NAP 2fE L. HIMER, g
%m&%%wmitﬁbmﬁc%éi WREL.
L@E$ﬁ BACIED L3Iz L.

. FRETFHIRE
@6“&%%@@7Nf:mm¢SD(n)fﬁL
1. SR O FEHED I3 28057 Duncan ©
SEHEEEHAG. p<0.06 FEL L1z,

157 1

I. AmEnmR

1. BhRFERY AT R

1) EEEBER

Bl 1EE ¢ PREREOMBRISETEE L %
AL, EAEBRIIHC L THRARABEL TV 3

1). BERICDWTAD EEEIZH A < Sl s

C B, SRR B BERL T B, B, K
%@ﬁé%ﬁ<ﬁubfmm@k,ﬁ%b.§%ﬁ@
EHEBRERD S .

B2 EE  PIREREE TS S 2o
ARSI L, BERFICEALTWS. Ly
L, BEAANIZ2, Smm TLAEATTEY DX

M2 LEHE £ F U < s EBERR O BB AR Y &
NTZDEXTHS

B 3EE ¢&@“Aﬂ i okEHoESE
PAEDTAEA ICEA L TW3 ., BREE O RIREITi3 il
FOBERIN A HEIT L, BAIROBEY O b * Bl
FHPEFERO2HD1IETELTWS (F2)
it%ﬁﬁ@%ﬁ@ﬁmﬂkﬁo<t£ﬁtfﬁﬁm
TN A A TV B .

B4 EE @ RS L DEA L BEMBEOR
ML T3, BREF2RICh: > THEBRENE
TL, 280 b DI RBREBRETCELTVLS.

B 6EE | EAEMBEsSEL L) BER
REIAEICETL, REEREEEHL O RGICEALT
Wb,

) HiEreERE

B 1EE @ FRARESHNTRERL D v ELE
HENHHEL T3, b e EERIRBE 5 E
ZTBHEFICEALTWA3DNEESNE (M3).
B ESRERE S, Mah T2 ORENSE
RICHZ D 7 — 5 —BHIIB->Tn 3.

B 2HEE | BEFCEATAEAMEOKIERY
ML, ZORBEIBEFOILD2ETELTLS
PR N OE R T IERINDEA, Z DR ILE

Fig.3. Longitudinal section of the proximal suture site one week after fresh
nerve grafting. Many regenerating axons are outgrowing from the axons
stumps, and some axons are growing into the graft. Silver-impregnated stain,
X 40.



960

Fig. 4. Midportion of the fresh nerve graft 2 weeks after surgery. The fibers
with small diameters are regenerating through the axon debris of the graft.
Silver-impregnated stain, X100.

Fig.5. Midportion of the predegenerated nerve graft one week after transplan-
tation. A slight amount of axon debris is scattered. Silver-impregnated stain,
% 100.




RUHEREELECBT 2y 27 VDB E 961

Rk, EHRREEE T, FRAITIIEEEMELEEL
w3 (K4).

B 3EE . TEERLDBEASCEAT 2 EE
BT S SITHENL . REAMEICET L TRBAKES
HezdbDbiONE. L LEOEOR L,
MEOMBECTH 2. BEFANOBERRICEEL X
BRIENAEA TV S,

BHE4EE, 688 HEMRIE S ENL, &
R E LB OBIERCEAL TWEOMNEHES
n3. BEFNOEUEMRIEEAHROAEICH T »
CERROBEL L TROSNE3DATH L. KEHE
REMB LUV ZORBTHEERENBINL T3,

3) EMBER

B LEE ¢ R & B A L Bl i AR
REMEBZ T—MIBEMICEAL TV 5. BiEH
WIREE L BB Ras T clorg 0 RS h, B
FROBRE I 5L HoTw3 (F5).

BE2:BE @ PRELVEAT 2BERHEORZ
BinL, BEREOERKEIBERFO 2401 £ TEL
T3,

BiE3EE . HESRE S S IENL, BICER
BEALTBERICEALTVWS. §TIREHEIRS
HIET 2L D AR THL DR L.

BiE4EE, 6B | BROCHEBRBIEML,
RIEHR ST EEOBREIERL T2 (M6).
iR ORI FEMBEOBE I H T 5 I ALK
DEEL L TEESIS. v

P EOHRFERAEOMBEINT, 8,
2T,

2. HE iR

1) RSB

BHE® 2 EE, PRGNSR L 0B L
FAEFIC X DRSS hERL TV 3. a5 REAE
LIy 27 RSN 4mm EAL, X
NOERSEDOING . iy 2V L HBEOEANL
CIFEMNELRD OIS, S WRBIRS LB
BRACBE: A CBlReEfnE IR0 on T,
endoneurial tube DEHEMIIWINE g v : F EHE
Lo T3, RigflRaHcs L CHREROFRT
3 (K10). BHEZ4BE, BEAFNCEE2RCD
T Ty a7 YHIRENBCERENLTHSE. ZHD
EMMESBEAASCEA, BEL, MEOHIZR
MEREZFATHWEONEDOND . BiEE 6 BE 2
2y a7 HIERSE SICBIKHEEIN, MEDE
HElFESITE L.

2) HEEAERE

9 R

Fig. 6. Longitudinal section of the distal suture site 4 weeks after predegenera-
ted nerve grafting. Many regenerating axons pass through the distal suture
site. Silver-impregnated stain, X 100.
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Fig. 7. Diagrammatic representation of frozen nerve graft. The axons regenerate
through a half length of the graft 3 weeks after grafting and through the

distal suture site 4 weeks after grafting.
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Fig. 8. Diagrammatic representation of fresh nerve graft. The regenerating
axons pass through the distal suture site 3 weeks after grafting.
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Fig.9. Diagrammatic representation of predegenerated nerve graft. The
regenerating axons pass through the distal suture site 3 weeks after grafting as

well as fresh nerve graft.
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Fig.10. Proximal portion of the frozen nerve graft 2 weeks after surgery.
Passage of Schwan cells and other cells is seen at about 4 mm distal from the
proximal suture site. Hematoxylin-eosin stain, X 40.

Fig.11. Proximal suture site of the fresh nerve graft 2 weeks after surgery.
There are large number of cells in the proximal stump and graft. Hematoxyl-
in-eosin stain, X40.
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Fig.12. Midportion of the predegenerated nerve graft 2 weeks after surgery.
There is change of vacuolation in the endoneurial tubes. Hematoxylin-eosin

stain, X 100.

Fig.13. Microangiograrn’ one week after frozen nerve grafting. Intrinsic vessels
from the proximal segment are visible passing through the suture site, but
revascularization is not seen in the graft.
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Fig.14. Microangiogram 4 weeks after frozen nerve grafting. Revascularization
is seen at the midportion of the graft.

Fig.15. Microangiogram one week after fresh nerve grafting. Adequate
revascularization is seen at the midportion of the graft. ‘
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Fig.16. Microangiogram 2 weeks after predegenerated nerve grafting. The large
and small vessels are patent in the graft and distal suture site.

Tablel. Properties of compound nerve action potential after implantation of 3
kinds of nerve grafts

Weeks Amplitude Latency Conduction velocity
after
grafting (V) (msec) (m/sec)
9 7.754+ 3.36 2.1040.43 20.02+ 4.80 (n=4)
10 8.66+ 3.30 2.03£0.23 29.77+ 2.93 (n=23)
Fresh 11 20.00+ 7.35 1.63%0.10 37.03+ 0.94 (n=4)
nerve 12 12.67% 4.27 1.58+0.26 38.70+ 4.20 (n=286)
14 24.86+ 9.85 1.41£0.23 43.57+ 6.24 (n=1T7)
graft 16 25.75+ 8.03 1.18£0.11 51.31+ 4.41 (n=8)
18 34.00+ 9.93 1.25640.16 48.91+ 5.61 (n=286)
20 60.6715.50 1.04£0.10  59.12+ 6.31 (n=19)
11 11.33+ 0.94 2.3040.17 26.20+ 1.56* (n=3)
Frogen 12 15.33+ 8.99 1.7640.3  35.13% 6.22 (n=3)
nerve 14 19.60+£10.38 1.64x0.37 38.06+ 6.90 (n=275)
16 18.86+ 6.75 1.4940.17 40.80% 5.02* (n=17)
graft 18 18.00% 2.45 1.45%0.23 42.32+ 5.95 (n=4)
20 42.50£21.51 1.20+0.23 52.18£10.24 (n=26)
10 14.25+ 6.42 2.00+0.08 30.05+ 1.06 (n=4)
Prede- 11 13.75+ 5.40 2.24+0.46 27.85+ 5.81* (n=14)
generated 12 14.25+ 9.34 1.83+0.17 33,10+ 2.80 (n=4)
nerve 14 18.80L 6.27 1.75%0.24 34.78+ 4.27 (n=25)
graft 16 21.00£12.30 1.66+0.19 36.86+ 4.11*(n=75)
18 27.00+ 9.00 1.43+£0.09 42.13+ 2.60 (n=4)
20 22.67+11.12 1.15£0.23 54.23+10.98 (n=3)

Values are expressed as mean=®SD(n).

* p<0.05, compared with conduction velocity of compound nerve action potential
in fresh nerve grafting at each week by ANOVA followed by Duncan’s multiple
comparison.
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Weeks after grafting

Fig.17. Recovery of M-wave after implantation
of fresh nerve graft (A), frozen nerve graft
(B) and predegenerated nerve graft (C). Open
and closed circles represent individual rabbits
without or with detectable M-waves, re-
spectively, after regeneration periods indicated
below.

Weeks after grafting

Fig.18. Recovery of compound nerve action
potential after implantation of fresh nerve
graft (A), frozen nerve graft (B) and prede-
generated nerve graft (C). Open and closed
circles represent individual rabbits without or
with detectable compound nerve action
potentials, respectively, after regeneration
periods indicated below. :
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Abstract

The present study was performed to examine the role of the Schwann cell in peripheral
nerve regeneration. Three-centimeter segments of rabbit sciatic nerve were used for
transplantation. They were divided into the following groups: (1) frozen nerve grafts with
Schwann cells killed by freezing and thawing prior to grafting; (2) fresh nerve grafts; (3)
predegenerated nerve grafts which consisted of nerve segments that had been allowed to
degenerate for 2 weeks. The grafts were studied histologically, electrophysiologically and
microangiographically to examine the role of the Schwann cell. In the frozen grafts,
Schwann cells accompanied by capillaries were seen in the proximal 4-mm region by 2
weeks after surgery, and had extended to the distal suture site by 4 weeks. Regenerating
axons passing through the grafts were observed in the proximal 2, 3-mm region 2 weeks
after the transplantation, and in the midportion of grafts 3 weeks after surgery. Four weeks
later, axons had regenerated through out the entire 3-cm length of grafts. In the proximal
two-third region of the fresh grafts, regenerating axons were seen 2 weeks after surgery, and
had passed through the entire grafts by 3 weeks. In the predegenerated grafts, axons which
had regenerated through the one-half region 2 weeks after grafting were seen in the distal
suture site by 3 weeks. Capillaries penetrated through the proximal 4-mm region of the
frozen grafts 2 weeks after surgery, and the entire grafts by 4 weeks. Revascularization was
already observed in the entire grafts of both fresh and predegenerated segments 1 week after
the operation. Evoked muscle action potential (M wave) and compound nerve action
potential were recorded firstly at 16 and 14 weeks after surgery with the frozen grafts, at 12
and 9 weeks with the fresh grafts, and at 14 and 10 weeks with the predegenerated grafts.
The results showed that regenerating axons passed more rapidly through the grafts
containing viable Schwann cells than the grafts lacking viable Schwann cells. It was
concluded from this study that Schwann cells possessed the ability to support axonal
regeneration.



