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WE B8 RN R AR A (ANA) X A2 1 2401 43 (SNT) K B B AT Mg sh i oo i PR3 7 AL, 5
& % SPF Gtk SD R ERBEL T A IEH 4 BRI ANA FRIEH (44D f B IR B A ( B34, Bd 6 . YIRA
WAL P2 10 mm 4 SNT K BUASERL . B 2400 ANA SR TR 2 W mat , A0 A R &g B B S Wi M
Wrimdh o S8 AMETR IO N IE# # 42 5 ANA h DNA &g, R0 I 25 2 K SRAR B i 2 DO R HE 2L (SFI) i+ R R
IR %, HE e 0 00 42 % 41K BUE 8610 M 328 sh il &0 B S 450, 998 9861 Western blot #2 L, _¢ & #E Apaf — 1,
Caspase-3 Bcl-2 Bax Fl Cyt-C #[13RiE, &R Friil& 0 ANA b DNA SRR TFIEHME (P <0.05) , SIEFAM I, K
TIZ SFT FAZHT IR HR RGP <0.001) ; SRR A LE , BR R4 AN F % 41 SFL AR wir LR 2 L 34 T+ (P <0.001, P <
0.05) , H A4 & FHr#4l(P <0.001, P<0.01), HE L5 iR, 1IE 5 4R RUARERT M 18 sh i &g i 52 4, Rk 7t
TH AT 5 B RYZE 0 22 SOV AR SRS, LR 00 SRR 5 R4 bt 22 TR MR IR SR D, T P DA A N TG 5 I 6 2 M 42 J0 TR 25 255 ) R X
TERE MR LMW, 5 IE AR B EIZH Apaf-1  Caspase-3 \Bax ,Cyt-C 2 [ 3RiA N (P <0.001, P<0.01, P<0.01, P<
0.05) , SHEIBILIA L, B 241 1 A 5 41 Apaf-1 , Caspase-3 , Bax, Cyt-C 8 (4 32 k0§ /> (P <0.001, P <0.05, P <0.05, P <
0.05) ;Bel-2 FHFEIRIEM(P <0.05) , H:-H {464 Apaf-1 Caspase-3 Bax ,Cyt-C & 13 5L FHrE4L(P <0.001, P<0.05,
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FEgR ST AR B 2 4540 (sciatic nerve injury, SNI) f%%
B, Ml 5 ANA DIATHeA0 0 00 Bl 22, 300 3 ) 4% 2 K
FRLAR B 1 22 I BEFE %X ( sciatic functional index, SFI) |
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AR PR AP 1 T 5 a8 2 A 00 A A v O T R TS A R
1 ( apoptotic protease-activating factor 1, Apaf-1)
W& IR K 4 & 1% 75 1 Bif#-3 ( cystein-asparate protease-
3, Caspase-3) B 40 itk & 955 -2 ( B-cell lymphoma-2,
Bel-2) . Bel2 #45¢ X % H ( Bel-2 associated X pro-
tein, Bax) FI4H 4,2 C( Cytochrome C, Cyt-C) K
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1.1.1 %34  SPF gufitt SD K32 H(H
R RRRIHCA R A H]) A BT (200 £20) g, 5l
YAV ATIE S - SCXK (1) 2019 - 0008, 5255514
BT RIS B S8R sh Wy vh o0 2 56 A 5, KRR
FRAEIRE R 22 ~ 24 °C, AHXHR S 40% ~ 60% 1Y
PGS, 12 h/12 h OGRETER, B B8 oK, 3
Py S i N 2 2 PR PR 27 e S 00 sh WA PR D1 ettt
(fit#E= . CDMULAC-20221005) ,,

1.1.2 ZZXAFME BRI Bel2 Hidk . RHt
Bax i Hedi Caspase-3 Ll bt Apal-1 Hiik A
P Cyt-C HUA ARHT B-actin HLHA HRP ARic L 4T
e IeG AE T 2 3 Aric RN FITC Fric i L £ 31 %
IeG iRy B 24 [E Abclonal /3] ; Triton X-100 . i
SANHRR AN F 5E [ Sigma 23] s RIPA 2 21 4 Jf 2R i
W BCA 4 & ) & PR B 0] & A b
HURE BBV R A E . ECLAL 7 &G
PR AL 2 AR A IR A R . BX43 Sl
W SO R RE KGR R A H AR
Olympus 23 7] 5 B YK AL % BN F 3& [H Bio-Rad 24
) K%Y i HL B 22 [E Thermo /3 &) ; Tanon 4> [
b RO B i RBERHCA IR AT

1.2 ik

1.2.1 ANA #1&  ZHSCRT BEPLER 8 Hk
B, R 2% R U2 (40 mg/kg ) I IS 3 20 5 bR
PR B TETCHR 21T, T 6 8T U0 3OsU i 2 15
mm AL B 2 S BR B T R 2 AR B Y AR 7 20
UGB H 8 T2RMKh R 12 h, 5 & T 4%
Triton X-100 VAL 12 h, FZE KNG E 3 h #-AT /5
N B b B, A T 3% JI5t AECJE IR A 1 W A MG £ Ak
P PERAFEENR Y 12 h FF4EHF 100 ¢/ min YRR,
UL AR 1R B IRKIE VR, s T E AR
R 1 PBS ZZ i (0. 01 mol/L) Hhr, T4 C Tkt
1.2.2 Slp@ s 24 LB N IE
WA AL ANA MR (R4 - B IR &4
H(EFH) BH6 K, EwANUTLMALHE, #
TRUZH R FH B IR AL B 22 10 mm ] 45 SNL, #fF 3240 2
JR LR VI o7 & RSS2, DI B 10 mm A i 25
Kl # 4F 1 ANA ) B MSE S HOR, W15 T i
fb, BECHYIOALE A F, PIER 10 mm Ak i £
e HoE R 5 & T mat .

1.2.3 DNA &Zalx fFIEFH MG &1 ANA
FHEH AL FE 70 B , i 4fs DNA &5 5 42 U] &
A UL FEATZH 2L DNA $2IR, B it 20 e T &
DNA &,

1.2.4 KASFIAE  AflK 70 em 5 10 em 5
12 em fRERAH BEIE , IR — 5K 4R, R BUP 2 4y
AT s R A0 SR K S A BEIE A, LK B e P DA
KR B A TR T R B B, R R Ay ¥ T 1) R BN R T
D, ) B AR AL 4G . ST A2 Bk 98 B (experimental
toe spread, ETS) . 1F % /& HE % B ( normal toe spread,
NTS) . & ] & Ef & B ( experimental print length,
EPL) . 1E% B EJK & (normal print length, NPL) | &
i /e = Bk S B ( experimental intermediary toe
spread, EIT) | 1E% =t % & (normal intermediary toe
spread, NIT) . ) 5 ZC{H0 o R 1 21 220K, D e 25 R s
RALNRE, ALK SFI =109. 5 x (ETS — NTS)/
NTS -38.3 x (EPL - NPL)/NPL + 13.3 x (EIT -
NIT) /NIT —8. 8, SFI {E8/ |\ Als B il 22 D) R bk 2% -
0 fRFAFMAIRETE S IEH , - 100 fRFE A F L
igse 2.

1.2.5 KABaE e idg 2% KB
240 (40 mg/ kg ) I J T Sk JRR T B, A= L6 7K 9
TEIBORE o SRR BB B AT 1k A 22 B P L AR ) I8 i
JUU, R 33 A 2K S e e A0 0 0 A8 i JUL o
HR A A 253025 20 K BURE AT LN 5 bE = IR i LV
HR = 0 AE AT LT S 4d A AT DL BT & x
100% ,

1.2.6 HE & %% HAR3 HRR KL 15
By EE T2 R Wl b [ € 5, OCT A3 il 1
JEEEZ 30 wm BIY) R AR YA TR ARG YL 18 ~25
min, ZMEH (1% $RIR LBEAW - T0% L BE 99 mL . £h
B2 1 mL BEl i) 04k S s, SRR 3 ~5
min, (LY 1 min, K 2 min, A ZEK H 20 s,
JEBMRIIN 15% LBEE W, 80% LI, 85%
LR, 95% CBE W 1 V10T, 100% £
LI I A A7 Bk A B, B0 20 s TR ZH R
W L IV, B 2 min BEATAER], sP PRI
J& o A AR T R A] B T WA S RIS
1.2.7 faRAEEE B3 DRV BL 7
HREHEAT UK A, 0. 2% Triton X-100 3 [ 40 B 25
min, LA 0. 01 mol/L Mytk2 — Mtk il b )i e 2
WAL A T BB 52 10 min, AT 5% BSA 7+ 37 “C1i
KRN E AR E 1 h, inA Apaf-1 Hifk (1 :
100) . Caspase-3 Fi {4 (1 = 100) , Bel-2 $Hi 4k (1 -
100) Bax H& (1 : 100) ,Cyt-C HK (1 = 100) , ik
A4 CUFARER o O HRO) R B &2 TS e
Cy3 ARICHIILIEHT AR 1gG (1 2 200) (FITC ARiC A 1L
FPitk 1gG(1 2 200) , & T 37 CHHEIRKBH NIFEE
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1 h, B ot R R AT £ A, B T 200 B T W
FIFRAEEUR . ] Tmage T 73 #1454 508
I HER 3 W,

1.2.8 Western blot 23 #4413 HKR, L,
B REAL 2, 18 FH R MR S S U 1, BCA
HEE R IR &N EFHEOWE, 7£95 C T
AU AW 10 min (8 1 5021 H
BHIG A -20 CUkF TR, M 20 pg
A AT 3 KO B L M B 8 & PVDF
T 1, 5% [ RE W %y 2 e 3t AT 2 he Jg 23 il i A — Bt
Caspase-3(1 : 1 000) . Bel-2(1 : 1 000) .Bax(1 :
1.000) .Cyt-C(1 : 1 000) .B-actin(1 : 10 000) , i 4
CIWFE R, W HBCEINA HRP FRic i 1L 24T e
IgG —Hr (1 : 8 000) , #FEIRBEF 1 h, Il Aid it
HBUR G, R o R Tmage J G S FE T
ST WK EEME 2087, LA H B8 454 560 A
ZAM Y K BEAE 2 LU AR o H A 2 B AR 0 2 kK
o

1.3 ZitZE R GraphPad Prism8. 0 {45k
FTGETT24 00T, LAXIRR + BRifE 22 (o £ 5) F0R , AL AE
ARTA] Y HEBOR A ST AEAS ¢ K56, 22 ZH AR AS Y 20 1)
BRI R I 2200 Bk, DL P <0.05 22 5%
Ayt E Lo

2 HR

2.1 ANA 5EE#HZsp DNA SEZEH HIEW
MZAHEL, ANA FF i DNA &b (P <0.05) o 1t
P 35 19 ANA ZR B RR R 47 DLIET 1.
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Fig.1 DNA content in normal nerve and ANA

a; normal nerve; b; ANA; * P <0.05 vs normal nerve.

2.2 ANA 3t KRR SFI{ERIEN 454 KB SFI{H
DL 2, 5 IEH A L, A 4] SFI(EFEAK (P <

0.001) ; SHIRIZH LU #5, B34 | B 46 4 SFI (|44 T
F (P <0.001) ; 54 AL, A B64H SFT(E T}
(P <0.001), BEH] ANA R4 KB SFIH,
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Fig.2 Comparison of SFI of rats in each group
a: normal group; b: model group; c: bridge group; d: autograft
group; *** P <0.001 vs normal group; **P <0.001 vs model group;
$&&p <0.001 vs bridge group.

2.3 ANAWAREMABEELLRYZE EH
41 BEHIL] A HE R B 4R B ULIE R B L [
3, SIEF AL, BRI IR AT UL 5 LR AR
(P<0.001) ; SHR A L i, B4l 5 A 55 4 K
JE TR L3 T (P <0.05,P <0.001) , [ %41
KEIERTULE & s TR 4 (P <0.01) , B
ANA B 3K SR AT L HL
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Fig.3 Wet weight ratio of anterior tibial muscle
of rats in each group
a: normal group; b: model group; c: bridge group; d: autograft
group; *** P <0.001 vs normal group; *P <0.05, *¥ P <0.001 vs

model group; Y¥P <0.01 vs bridge group.
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Fig.4 HE staining results of spinal cord of rats in each group

a; normal group; b: model group; c: bridge group; d: autograft group.

2.4 ANATHEARBEWHABITHRETHES
& HE Qe 25 5L R EH 41K BB BEHT iz
Bl TC A I AS T S8 R, A0 RS B 5F  MuAA Tl AU
R P03 5] s BRI A BT A7 2 S 2T iR A
ANVEHE A MAZ AR 2L, ) B4R A i IRBE , 20 )
0L AL B A 2 3l 2 oo 20 i % i A SE B
B, A B BGE A, Y B 5) s B AR R
1138 20 2 T ML AR G g S5 A Qe 8 57, 2
FOZE R AT TE %% . BB ANA 0] 2l 38 K BB B8 A A
BEEAITTHIEARS . WK 4,

2.5 HERLLEEBIEF Western blot %4 & 88
rh Apaf-1, Caspase-3, Bel-2, Bax, Cyt-C E H I &
FEER RSO 5 R BUE B8 1 Apaf-1,
Caspase-3 \Bcl-2 25 A #ibric &t ff, Bax A Cyt-C 1§
FBARIC AL 25 R R, B ™) = 2 T
[HFi BRI G EZBIM O i1 U AN s S 2/ ik wra ]
RS HIEW H B, BRI K BUEHE Apaf-1
Caspase-3 \Bax,Cyt-C %5 H £ A 5 (P <0.001),
Bel-2 HFFRIKFK(P <0.001) ; HHIRIL LA, B
S B4 K BB 6 F Apaf-1, Caspase-3 , Bax
Cyt-C ZEHFRW /(P <0.001) ,Bcl2 TEHF A
(P <0.001) ; Sz A, B % 41K R #E
Apaf-1,Caspase-3 .Bax ,Cyt-C ZE H R A E W (P <
0.001) ,Bel2 T F AN (P <0.001), Western
blot A5 45 F 7R - 5 T H 2 H A, B2 K UH
Fr Caspase-3 \Bax ,Cyt-C fE H FiA 5 (P <0.01, P
<0.01, P<0.05),Bcl2 HEHFIREF LI 2FE

SO GRERVA LA, MR AL S B A K RE R
Caspase-3 \Bax ,Cyt-C & 4 #5070 (P <0.05) , Bel-
2 HEEFRAHIN(P <0.05) s SH A AL, B A
KEAE#E T Caspase-3 ,Bax , Cyt-C 45 [ 3% 15 & ik >
(P<0.05) ,Bel2 EHAFRIZER LG FE L, W
’l5.6.
3 it

SNI Ji 76 v #ft 22 4F 4t & A= Wallerian A5 il 58
FIBERIR L o3 , b 58 5 JH bl 28 D0 M VR i 3 4%
R s s 52 BB AT, (H A5 M 2T MR R D Re R &
AR AL AR T R R 2 TR R R T R
BRI L 7 T ZE, ANA AT 3 o 12 ifF
ZEFRE TR, B R 2o e [IRIKTE
A DAL A 45 Oy A U i SNT g5, /]
VER KRB A 2B 5 b R AT A 42 548, Smail et
al " BFTE R B, ANA FE R A T LU B I
FRLAR R Ak, AT i1 2 200 B X1 118 4 b , 5 i il 5
AR DRIt 2B R . ABESE I 55
WA I ANA By DNA &5 i, 23 B/, ANA
() DNA & & i L T IEH g, Ui BT & () ANA
ARG SR R, 51 & 4l 2R Tl HES: [ AR E & TG,
I ELA BT I L SRR 25 P A AR Y S g2 J5i k2 0
LAY R AT IR

PNI J5 & B e PE R T, ph g u il R 5
el H R LR, TS LA
] SRt 2 ST, R BUILA 2240 , il 202 3 DI RERE A,
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Fig.5 Immunofluorescence of Apaf-1, Caspase-3, Bcl-2, Bax and Cyt-C proteins in the spinal cord of rats in each group x400

a: normal group; b: model group; c: bridge group; d: autograft group; *

0. 001 wvs bridge group.

TR PR R BE T . JRATALE & 3
S U e iy JUL 22 4 17 000, HL A AT, 3R 28 4 B ]
5. Hong et al'" fF5% % B SNI K FL44 T FK-506 4
I7JE R ERUVLIPA JoT & 35 m, Ak B fh 2 D) e S 2K & .

HFEFIR https://www. cnki. net

** P <0.001 vs normal group; P 0,001 vs model group; &&&p o

SKI R A Shy 4 W Al B ot 2245 132 B D BEMK S L 1Y
fobno AWFFEER B, B 4L U A LR 5 L
RN SFI g2 i TR AL, BT ANA 57 118 1
R A DLAE | e LS T R



- 2040 -

ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)

a b c d ku
1.5r
Caspase-3 32
=1
2
Bel-2 26 2
= LOf
5
R
Bax 21 2
2
a.
2 ost
Cyt-C 14 =
Q
[~
B-actin 42

m=a
=b
c
Od

#
&
HH
& &

Hit# g

o sk

Caspase-3 Bcel-2 Bax Cyt-C

B 6 &ZHKREFE Caspase-3 Bel-2 Bax,Cyt-C EHRIA

Fig.6 The expression of Caspase-3,Bcl-2,Bax and Cyt-C proteins in spinal cord of rats in each group

a: normal group; b: model group; c: bridge group; d: autograft group; * P <0.05, ** P <0.01 vs normal group; *P <0.05, **P <0.001 vs

model group; ¥P <0. 05 vs bridge group.

SCHE, PR IRz sh D) RER #IPK AL . SNI i, L ¥
MR Bk Z 5 F7 SR A AL I T s SE T, BH A
WZ AR . Gu et al' ™ W5 & B 245 i f
FHERT Mz s oc e > e AN R
fife BERS N LT AR S BL . 2R2ey %5 RS R B
SN i 2715 v Je MR A% , HE91 3K L, o 22 oo g
BAS AL, B DD, ANA 2035 #2215 Hh 2 IR T
U JE ERIR BRI, JE A AR X 28, R W] ANA o]
SR MNP IV . ATyt HE Je
WS BERT M1z sl 2B S, 85 R R i i 4
HHERTAE S EOUE SR, AL A A
X AT REN O —J7 T ANA $5 58 1 450 0 M 225 0 i o
LU A, (AR 2 AR A LASE B 5 — 7 I
ANA R St T RAF M GO ST, A 225 57
P AR RE S Iz B 22 T M AR, DA T ok 22 T Y JE
SR EINGE

20 O T A A OB A A A R T A A AR
I, T2 LR A T A TR R A T RIS E T AR =
ol g%, e 2R A 8] T 2 W L s DL G U
05 FELRR I T Bel-2 B H B2
—REH, PR RFTEA MG E T EE W
B IERRAE R AR T R TR
FLZERET- 1, RIS IE 7 0 AR BT RE ., (RAEG H Ak
PET, e T A I T B R LORLR BT AR
BT , O T AR A A M, TS B R A
MAETAT-H H Cyt-C R, Cyt-C BRI 4 i ot
Y5 Apaf-1 45 T2 P 5 41 T /MK, 51 T i

Caspase Z I % SO, e & 5k 40 i i =10,
Xu et al' " #5E K IR BRI T4 DRG et rh
Bax £ 1 R IK R, Bel-2 8 F R B, wi w22
JCHIURT, I 2 B T . A 25T IR A
- A O A O e ot A K R T
Bax ,Cyt-C 4 [ # R XD i o 22 oo 4 1, Dl 21
LURAGTEIE . AR LD G Western blot 45
BN EIZH ) Apaf-1 Caspase-3 \Bax ,Cyt-C 5 H 3
KUY R Tt , W] SNI 5 A 8T M is s fh & T K E
THRT:, HifEd Apaf-1, Caspase-3 . Bax, Cyt-C & [
FIRUIER TRE, Bel-2 4 1 LB B I, SRR i i
YA BE AT A s 2 P 2 o0 T T AR B G2 . BEWIAE
ANA FEA A B A 0 E T, S 31 LA
AR TT A TG SR A 7B IR SRR, R A Y
A AR T IRIE,

g5 B iR, SNI K BRFEZG T ANA W45, IS T
IR EE LE (SFT DL 8 i A iz sl i 2 s i JE 5 45
P33 7k, Sl T8 1 Apaf-1 | Caspase-3 | Bax
Cyt-C LKW/, Pri 128 E Bel-2 B hn, ANA Xt
SNI K FRH 1z 8l il 22 o0 K8 1 OR3P VE T, AL
AT RES Bel-2/Cyt-C/ Apaf-1 4G B Lok A T~ 38 #%
FH, B ANA W] 38 3 Bel-2/Cyt-C/Apaf-1 15558 #%
P47t SNI K BUA BB R iz sh A 200,
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Mechanism of protection of motor neurons in spinal cord anterior
horn of SNI rats by acellular nerve allografts via the
Bcl-2/Cyt-C/ Apaf-1 signalling pathway

Zheng Mengyuan'? | Hao Zitong'?, Zhu Qinghua'?, Tian Zhuangzhuang',
Guo Xingda', Zheng Yuhe', Li Cheng', Fu Xiumei'”
(' Dept of Human Anatomy, School of Basic Medical Sciences ,’ Institute of Basic Medical Sciences ,Chengde
Medical University, Chengde 067000 ; *Hebei Key Laboratory of Nerve Injury and Repair, Chengde 067000)

Abstract Objective To investigate the protective effects and mechanisms of acellular nerve allografts (ANA) on
motor neurons in the spinal cord anterior horn of sciatic nerve injury (SNI) rats. Methods SPF grade male SD
rats were randomly divided into normal , model, ANA-bridged (bridge group) , and autologous nerve transplantation
groups (autograft group) , with 6 rats in each group. The SNI rat model was established using the right sciatic nerve
clamp method for 10 mm. In the bridge group, the ANA was bridged to the two severed ends of the injured sciatic
nerve, and in the autograft group, the autologous nerves were flipped head to tail and then bridged to the two se-
vered ends. A spectrophotometer was applied to determine the DNA content in normal nerves and ANA. The foot-
print test was used to determine the sciatic nerve function index (SFI) of the rats in each group, the wet weight ra-
tio of the anterior tibialis muscle was calculated. The morphology and structure of the anterior horn motor neurons of
the spinal cord of each group were observed by HE staining. The immunofluorescence and Western blot were used
to detect Apaf-1, Caspase-3, Bel-2, Bax, and Cyt-C proteins expression in the 14-6 segment of the spinal cord.
Results The DNA content in the ANA prepared in this study was significantly lower than that in normal nerves (P
<0.05). Compared with the normal group, the SFI and wet weight ratio of the anterior tibialis muscle were re-
duced in the model group (P <0.001) ; compared with the model group, both SFI and wet weight ratio of the ante-
rior tibialis muscle significantly increased in the bridge group and the autografts group (P <0.05, P <0.001),
and the SFI and wet weight ratio of the anterior tibialis muscle in the autograft group were higher than those in the
bridge group (P <0.001, P <0.01). The results of HE staining showed that the motor neurons in the anterior
horn of the spinal cord of the normal group were structurally intact and had clear cytosolic boundaries; the neurons
in the model group were lysed and necrotic, with blurred cytosolic boundaries ; the neurons in the bridge group were
less lysed and necrotic, but the nuclear translocation phenomenon could still be seen; the neurons in the autograft
group were morphologically and structurally intact with clear cytosolic boundaries. Compared with the normal
group, the expression of Apaf-1, Caspase-3, Bax and Cyt-C proteins significantly increased in the model group (P
<0.001, P<0.01, P<0.01, P<0.05). Compared with the model group, the expression of Apaf-1, Caspase-
3, Bax, and Cyt-C proteins significantly decreased (P <0.001, P <0.05, P <0.05, P <0.05) ; but the expres-
sion of Bel-2 protein significantly increased in the bridge group and the autograft group (P <0.05). The expression
of Apaf-1, Caspase-3, Bax and Cyt-C proteins in the autografts group was lower than that in the bridge group (P <
0.001, P<0.05, P<0.05, P<0.05). Conclusion ANA can exert a protective effect on motor neurons in the
anterior horn of the spinal cord of SNI rats by improving the morphology and structure of neurons, increasing the ex-
pression of Bel-2 protein, but decreasing the expression of Cyt-C, Bax, Caspase-3, and Apaf-1 proteins in the spi-
nal cord. The mechanism of ANA may be related to the Bel-2/Cyt-C/ Apaf-1-mediated mitochondrial apoptosis sig-
naling pathway.

Key words acellular nerve allografts; sciatic nerve injury; Bel-2/Cyt-C/Apaf-1 signalling pathway ; spinal cord ;
motor neurons; rats
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