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CRYOPRESERVED NERVE ALLOGRAFTS:
RESEARCH ON THE ULNAR NERVE OF JAPANESE MACAQUES

Junya HayAasHI
Department of Plastic and Reconstructive Surgery, The Jikei University School of Medicine

In the present study, I evaluated nerve regeneration after the transplant of cryopreserved
homogeneous nerves in Japanese macaques. Sections of ulnar nerve were obtained from the
process styloid of the ulna, cryoprotected by pretreatment with 1.4 M glycerin, gradually frozen
to —70°C, and preserved at —196°C. Rapidly frozen nerves showed destruction of the myelin
sheath. However, gradually frozen nerves showed better preservation of the structure of the
myelin sheath but also showed myelin destruction in some areas. Allogeneic nerve grafts were
retrieved after transplantation in the following 3 groups. In group 1, fresh allografts were
transplanted without treatment. In group 2, cryopreserved allografts were transplanted. In
group 3, fresh allografts were transplanted after 25 mg/kg/day of cyclosporine A was adminis-
tered for 4 days for immunosuppresion. After transplantation, cyclosporine A (5 mg/kg/day)
was administered orally for 4 months. Nerves were transplanted bilaterally as cable grafts
from the styloid process of the ulna. The group 3 of nerve regeneration was better than the
group 2 and the group 2 from the group 1. Moreover, a significant difference was seen among
the groups in mean fiber diameter and the percentage of neural tissue 1 cm from the tip and in
the center of the transplanted nerve. These results support the clinical utility of cryopreserved
nerve grafts.

(Tokyo Jikeikai Medical Journal 2008 ; 123 : 87-97)
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1. RESRERERETE

SEEREIY) I3 H AR YL (IR E 8~12 kg, i 5~13
e, HME-ME) ZEEALC. REZERERL LI D 2cm
FHEOHTBE L D RS 3cm O KRB #EE 2 BREL,
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Bx2{T-o7 (Fig. 1).
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med freezer (SY-LAB %4, Ice Cube 1610) %*
R U7z, BEFERIBRNS - SRR e B & 3 5
WHRRFETIT 72, bbb, —70°C £ TORE
PER RIS RE2 2 v Ea— Y —HEIHBIETIT
W, —4.2°C THEK L 72D B, —40°C £ —70°C DER
EcErnEn—FMcLElkL - (Fig2).

&

|
equilibrating in glycerin
| |

!

‘ seeding at —4.2°C

—40°C

|

preserved in liquid nitrogen
for one month (—196°C)

!

‘ water bath at 10°C ‘
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Schema of cooling and thawing procedure.

Fig. 1.
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Fig.2. Freezing time schedule
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Fig.3. The ulnar nerve was exposed in the forearm 2 cm proximal to the ulnar styloid and sharply
divided. Then 1cm of an ulnar nerve was resected (deficit 1cm) (a), and nerve graft was
performed without tension by another Jananese monkey’s ulnar nerve (length 3cm) (b).

Japanese monkey
ulnargnerve

v

another Japanese monkey

Fresh allograft

Japanese monkey Japanese monkey
ulnar nerve ulnar nerve

Equilibratig in glycerin

Frozened in step wise Preoperation (4days)
manner ‘ CsA 25mg/kg/day
.y postoperation(4 month)
Preserved in liquid nitrogen CsA Smg/kg/day

for one month(—196°C)

\

Thawed rapidly
another Japanese monkey another Japanese monkey
Cryopreserved Fresh allograft
allograft with CsA

Fig. 4. Japanese monkey used as donor and recipient animals were divided into three groups.
CsA : cyclosporine A (should define)
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1 SERIRIR B Y~ 7 WRE L T BB R
FFIRIZ & 2 M & SOl L 7o OfER - 12
REMZR 0 & X R DGR 2 H -,
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Fig.5. Frozen nerves, 1 um epon section stained with toluidine blue. (X400)
a: Nerve frozen in a stepwise manner.

b: Nerve frozen rapidly.
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10.91+5.76% (n=10), BXBE M R # < &
21.47£10.36% (n=10) T» Y, Unpaired ¢-test
T2HEICEREZNED Sz (P<0.01) (Fig.
6).

@ BREBERORG 2 REERRT Y ~ 7
TLHEM, 248,478, 15 2 A TiTo 72,
BARTEHAR O AR 2 B LU 72 O RZ, myelin
HoB bz ZTNORFETR NN, BEHERE
HritmlL czobid@EMTch-o7z (Fig. 7,
8). BREMHEARMEITE TN 3 2 2R D A DHER
DR CHIE L EHERRZE) 13 20RERTEE 1091+
5.76% (n=10), BFERIEREE 1 SR TE 21.47

P<0.01

Rapidly frozen nerve Cryopreserved nerve
n=10 n=10

Fig. 6. The rate of axon area

10.36% (n=10), 2 » A{R-TF 24.49£8.64% (n=
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0.05) (Fig. 9). 145 & BRAFEE T myelin 8D
Ak IE5E < B L 72,
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BEmRe (Fig. 10,11) DWW ClX, BAA7HEHE
(225 um?) B 2 HEEHREAREO B E HIE L
7o, RER CPIECEHEREZE) 13, BERETHR
BRI T IE R RERAEEE 10930 (2=9), BH#E
REFEEEE 164.22+28.99 f (2=9), Fsi
IR 5. [ FERAERE 258.44 15585 (=9), K
F 1 cm &AL T 13 3 o [F] # RS A B 138.4428.90
(n=9), BHKOR1F [F R HEE 144 £26.24
(n=9) , SeyEHIZER 5 RIFEREARRE 246.67 £37.22
d (n=9)TH o7z, KM 1 cm OFALTITHER]
MR (AT 18 L EESRERERERE (U
T28) MCBEEZIRD N>, il
MTRIF2HBMCEREEZELED oL (P
0.01). %7z 2 B & SefiER: SRR AERE (DL

Fig.7. Frozen nerves, 1 um epon section stained with toluidine blue. (X400)
a: Nerve frozen in a stepwise manner and stored for 1 week at —196°C in liquid nitrogen.
b: Nerve frozen in a stepwise manner and stored for 2 months at —196°C in liquid nitrogen.
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Fig.8. Frozen nerves, 1 um epon section stained with toluidine blue. (X400)
a: Nerve frozen in a stepwise manner and stored for 4 months at —196°C in liquid nitrogen.
b: Nerve frozen in a stepwise manner and stored for 1 year 5 months at —196°C in liquid nitrogen.

45
P<0.05 P<0.01
40 f i1 i
P<0.01
35 P<0.01 | ;
30 T

Rapidly frozen Cryopreserved
nerve nerve <1 week>
n=10 n=10

Cryopreserved Cryopreserved Cryopreserved
nerve <2 nerve <4 nerve <1 year
months> months> S5months>

n=10 n=10 n=10

Fig.9. The rate of axon area

T 38 MTIEHRM 1 em, HhIue bIcEEED
Fw ol (P<0.01) (Non-repeated Measures
ANOVA, Student-Newman-Keuls test) (Fig.
12).

BREMHEOERE O HIERE CFaE L EHERZE)
I, FEREARRE R UL EE T R R AR 2,15+
0.62 um (2=9), BFEIRTFRIFEALRE 2.1310.54
pm (n=9), HZEHNHIHER G FEEEEE 1.87+
044 ym (2=9), MEBMEILLOARME 1lcm OR

BRI TR RE R AR 1.61£0.34 um (=9),
THEAE R IE R RERSAERE 2.10+£0.43 yum (n=9), 0%
MRS RERERE 1561029 um (n=9) T
Hotz, FREFTI IR 2HECEEZEZIRD S
naholzh, KA 1em OFALTIX 1EE 2 FER
WWHBZENRED 517z (P<0.01) (Non-repeated
Measures ANOVA, Student-Newman-Keuls
test) (Fig.13).

BRI NIC 5 8 2 A BEARERRAE O R L O H]
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a b

C

Fig.10. Grafted nerve, 1 um epon section stained with toluidine blue. (X 400)

a: Fresh allograft
b: Cryopreserved allograft
c: Fresh allograft with CsA

a b ¢

Fig.11. Host ulnar nerve 1 cm distal to graft, 1 um epon section stained with toluidine blue. (X 400)

a: Fresh allograft
b: Cryopreserved allograft
c: Fresh allograft with CsA

ERER CH9E EHERE) 1%, BRI
TIXFHREFIRERAERE 3.55+0.06% (n=9), S
FEIESHEEE 7.0620.64% (n=9), S HlIfISERy
GRIERAERE 12.34£1.54% (n=9), BAEMHEE X
D RAY 1 om o KB P 1358 e (R AR R AR 2.60 +
0.30% (2=9), BRAERAFRFEBAER: 5.37£0.99%
(n=9), HEHHIZER G RSN 8.53+1.20%

(n=9)ThH-o7z. Kif, HRVFTITH 1721
M, 2BE3BHICERESRY st (P<0.01)
(Non-repeated Measures ANOVA, Student
-Newman-Keuls test) (Fig. 14).
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n=9 allograft CsA
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Fig. 12. Number of myelinated fiber

P<0.01

NS

Fresh allograft Cryopreserved Fresh allograft
n=9 allograft with CsA
[ Grafted nerve E 1cm distal n=9 n=9

Fig.13. Mean fiber diameter
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P<0.01

£<0.01

Fresh allograft Cryopreserved Fresh allograft with
n=9 allograft CsA
O Grafted nerve @ 1cm distal n=9 n=9
Fig. 14. 9% Neural tissue
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