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BN S A ph e i Pt Bel-2/ Cyt-C/ Apaf-1 55 il %
PR SNI K bl 15 il Rl 7 i gl ph 22 e i HL

IRAFI 2 RRE R AR HDIE s e, 2 R AR
(R EFE A EF AR EHAET > R ESHRA, K& 067000;
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WE B8 BRI AR AR (ANA) X A P 2401473 (SNT) K BUA BT 32 3 i & oo i R34 i B LRL . 7
& % SPF Gtk SD R ERBENLAT R E# 4] BRI ANA M40 (R840 A B R RS p A1 ( A dl) Bl 6 Ko VIR
AL B 2 10 mm i 45 SNT K BT , FRIE4H ANA Hr TR S milmat , B B4 Ak s s RN Tm
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Caspase-3 Bcl-2 \Bax 1 Cyt-C FEF1W3RiE, &R Friil& 0 ANA 1 DNA SR FIE®E M & (P <0.05), SIEFAIHHL, B
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SERE MR FRE MW . S IE AR L, BEBIZH Apaf-1  Caspase-3 Bax Cyt-C 2 [13835 34 (P <0.001, P <0.01, P<0.01, P<
0.05) , SHEIRIZIA LY, HF 40 F [ % 41 Apaf-1  Caspase-3 , Bax, Cyt-C & 132 350K 2> (P <0.001, P <0.05, P <0.05, P <
0.05) ;Bel-2 B AFRBM (P <0.05) , JfH A% 4 Apaf-1 Caspase-3 . Bax,Cyt-C % [ AR THr#E4 (P <0.001, P <0.05,
P<0.05, P<0.05), £t ANA W@ SN K B B8 AT A2 3l il 2o i TE S 451, 38 I 46 Bel-2 | B3R358, b
Apaf-1 Caspase-3 \Bax ,Cyt-C &5 13635 , 4} SNI K FUA 88 /T 18 sh #h & o R FE R 5 E F, HE AL 7T B85 Bel-2/Cyt-C/ Apalf-1 4
LRI T (55 B B AE G
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TERARER A CELHS 1000 - 1492(2025) 11 —2035 - 08

doi:10. 19405/j. cnki. issn1000 — 1492, 2025. 11. 007

FEa T SNTBCEY 145 ANA LIRS0 005 1Y #i 22, 3
TGN % 2 K B A B Pl 22 D) BEHE £ ( sciatic function-
al index, SFI) JEHT LM L3 DL SO EEAT 8 Hij A
B ZICHITE S5, ] ANA X SNT K BUR 46
A2 Sl 22 TG PRAP VR P 5 3 2ol 46 00 5 4 v o
B S L T 1 (apoptotic protease-activating factor
1, Apaf-1) 2EBE2IR KA 2R 4 H -3 ( cystein-as-
parate protease-3, Caspase-3) . B 40} ik = 983 -2 ( B-
cell lymphoma-2, Bel-2) \Bel-2 #5¢ X 45 H ( Bel-2
associated X protein, Bax) FIZH il {2 C( Cytochrome

J& BBl #4122 54 475 ( peripheral nerve injury, PNI) &
I R L dah 22 R OibE B 2 —" . BRI
IR 1B A B B e 40 s i 10 5 0 LR 2%
P AL A A PR32 BRI X T R B
R A0 S A 22 B M) (acellular
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g PNI & rp BT RAFIOAR R RE Y o AR ML
VEFIDLHIUH R AL LR Ty T i AN . i
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et R RRMHCABRA ) , M5 (200 £20) g, 3
YL PV Al IS : SCXK(5%)2019 - 0008, 555 54
i 2 U g L7/ RS SN M et I B 1 N e
FEAEMRBE R 22 ~ 24 °C, AH X B ol 40% ~ 60% 1)
PGP 12 h/12 h OGREERS, B R B UOK, 3
PS50 A AR A D 2 B S IR s e 32 A st
(it #ES : CDMULAC-20221005)

1.1.2 £ ZX A FLE Rl Bel2 ik HRbi
Bax $i{K Hebt Caspase-3 HilA& A Apaf-1 Hiik R
Pt Cyt-C P& AHT B-actin HLAK  HRP F5 i 1L 4t
e IgG FETH & 3 Fmic L Edi 4 1gG ik (FITC 3
ICA LR 1gG Hiik, ¥ F 256 [E Abclonal /4] ;
Triton X-100 Jiit %0 IHER G40 5 2% & Sigma 2\ ] ; RI-
PA AN 243 BCA 2 1 il & LD 5
e a0 B A s B R AE W E R R A F
ECL fb2= &G Wik R & W A 22 AT R A BRA
A) o BX43 St WA OO e M EMGCR 8 A
FRYMW H HA Olympus 23w 5 HLUKAL L ENAUE 3 2%
[ Bio-Rad 72\ w]; vK# Y] K WL B 3¢ E Thermo 23
] Tanon 4> H {22 &OGAE B 1 R EERHLA
FRAH]

1.2 7k

1.2.1 ANA #% ZHSCEY BEHLER 8 1
B, SR 2% TR HE 28 (40 mg/keg) IS T 5 12 R
PR B FETCIR 25 1F T, S8 60T U] OS2 15
mm AL F 2R R BR BT T R 2 MR L s 7 4H
UK HE T2RMBK TR 12 h [HEET 4%
Triton X-100 P74k 12 h, FZEB /K3 3 h #4765
0 B A, AT 3% It AR PR M Vs VR 3 A ot £ A
B BRIRHFEE 12 h I 4ERE 100 R/ 40, &
S UL AR R RISV, e iCE T &9
AR PBS ZZ i (0. 01 mol/L) H1, T4 C TR iff7 .
1.2.2 £RomnL® 24 JKREENL N IE
WAL ARRILL ANA AL (Fredl) B IR B
HAFA) A6 K, IEH A AT b, A
RV SR AT WAL B pH 28 10 mm i %5 SNI, Wrde2i fZ
JR LA DD FF 007 B TR AR AU 26, DT BR 10 mm A F ffi 25
FE £ 47 1 ANA (i B s & BR, W) & F Wi i
Ab. AFEHYI O E [ E, PIBE 10 mm Ak E 4
I BRI 5 W& T WAt .

1.2.3 DNA &Fn & CIEH ML ME &R ANA
FHAH LW FE 53 WHEE AR 4 DNA & = fe iuin &
AL A T2 20 DNA $RIR, @8 i 2 ot Bl
DNA &,

1.2.4 XASFIAE Al 70 em 9 10 em 5
12 em (RZRAH BE1IE , BEAR A — 5K FL4E8, R B 2 1Y
ATt R0 SR K A BRIE A, LK B i A LA
KR B A TR T J B R B R IR oAy v T 1) R BN R T
0, D AR A A R A2 Bk 98 BE (experimental
toe spread, ETS) | 1E % & Bl 5t & ( normal toe spread,
NTS) . & ] /& Ef K BF ( experimental print length,
EPL) \1FE % EEJK B (normal print length, NPL) | &
i Hp 6] = Bk $& B ( experimental intermediary toe
spread, EIT) | 1F % =k 55 (normal intermediary toe
spread , NIT) o I G E(E TR B 2 220K, R 4515
FALSZIE, AR SFI = 109. 5 x (ETS - NTS)/
NTS -38.3 x ( EPL - NPL)/NPL + 13.3 x (EIT —
NIT) /NIT - 8.8, SFI {Hj/N ] Als B it 22 Dy R 2% -
0 FRFAHMATIRETE 2 IEH , - 100 fRFRALH 2
Thagse i
1.2.5 XA marmEEwiidid 2% ke
240 (40 mg/ kg ) JIE J1 T SRR T K R, A= LR 7K 3
TEEOR o BROR B BRI 1F 5 2 BB Y L MR A IS iy
WL, R 23 A 2R o S 25 A0 R e ) 18 iy JUL 5
AR A2 IR LN B L 38 = AR AL A LS &t/ )
JRHTWLBT & x 100% 1155420 R BUIR i IR 3 3R
1.2.6 HE &5 AAHR3 R L1
By EE T2 R Wb & E 5, OCT 4 il i
JEBEZ) 30 pm BE] A IO TR ARG YL 18 ~ 25
min, 7GR (1% $hIR LBV - T0% L7 99 ml £h
B2 1 ml BE ) 7046 5 s, SAMMKIRI 3 ~5
min , LYK 1 min, K3 2 min, A ZEK H 20 s,
JE SRR T5% LBEHEW, 80% LI WL, 85%
LA ,95% CBE R 1 V1010, 100% 2B R
I OI0 I A Ay ik AL 3, BE R 20 s, A HOR
W L VIV, BEEK 2 min JEATAERT, P PR R EE
Je F B AR T R AT T A T AR BRI
1.2.7 &t R 3 HRELIL, 1k
A BEIAT VKB B, 0. 2% Triton X-100 375 fE 40 # 25
min, LA 0. 01 mol/L #I#K IR — Mtk IR #h bt )56 &
WAFLE BB S 10 min, ] 5% BSA =37 “C1H
IACEFE N E ABEE 1 h, in A Apaf-1 HiTik (1 :
100) | Caspase-3 L& (1 : 100) . Bel-2 Hifk (1 :
100) Bax Hiif& (1 : 100) Cyt-C Hif& (1 : 100) , LA
4 COKFEIE T T U H ¥ 00 R B 520 )5 T fn
Cy3 FRicHIILEHT 4 IgG (1 200) (FITC dRid ALl
FPhifR 1gG(1 2 200) , & T 37 CHEB/KBENEET
U b, B9 IR AT B, B T 20 B T W
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FIFREIER o ] Tmage J 73 B 4% 41°F 25658
T BHEL 3K,

1.2.8 Western blot 523 #F2H3 H KR, B L,
B R 2, 1 1 R MR S S U 1, BCA
HEE RGN EFHEAWE, 7295 CTf
T E #8010 min (H 85 580481 F 8 A
BHETA =20 CUKFM T2 5. B 20 pg
M EE AT TR UK B M R E & PVDF
JBE 1 ,5% I G 95 k3 2= R B PR 2 b JS A i A — Bt
Caspase-3(1 : 1 000) ,Bel-2(1 : 1 000) ,Bax(1 :

1 000) .Cyt-C(1 :1000) ,B-actin(1 : 1 0000) ,7F 4
CHFE A, I H I A HRP ARic i1 4515
IgG 40 (1 : 8 .000) , W iRFEIRIFH 1 h, A&
UL CH, R o ] Image J R FE T
B HE AR EEM 208, LA B B8R E 4500 5 00 b N
A IR BEAE 2 LA S H R 2 1 A AR X R 3k K
o

1.3 Zit=438 R GraphPad Prism8. 0 {4t
FTGETH2 00 M, LASSEL £ A2 (x ) TR, PIALFE
ARTA] Y HEBOR A ST AEAS ¢ K056, 22 ZH AR A 7Y 201 1)
FCBCR N 2 7 2290 Mk LA P <0.05 22 5%
Ayt E Lo

2 HR

2.1 ANA 5EEM#MEd DNA 8T SIEW
MZAHEL, ANA F i) DNA &80 (P <0.05) o 13t
WY 2 1) ANA 2RI BERR R 4o DLIAT 1o
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1 EH#EZ5 ANA f1DNA &8
Fig.1 DNA content in normal nerve and ANA

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

2.2 ANA 3t KRR SFIERS N 4540 K R SFI
WK 2, H5IEH 4 b, B 2] SFT {H AR (P <
0.001) ; SFERIA] oA, B4 . F #4541 SFI {53 7t

(P <0.001) ; SR A, A4 SFLE T =
(P <0.001) . $il] ANA AJ# 55k R SFI f.
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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 ANAXWAKBRESAEEILENEZILN 1EF
4 AERIZH M AL B e 4R A L b R LA
3. SIEH AL A, AR R 2 R FRUIE AT LIS 2 B R B AR
(P<0.001); 5HERIZH Fod, BF 2405 A 4R R
R AT WIR E T = (P <0.05,P <0.001) , H¥%4]
KEEATLE b s T4l (P <0.01), Ui
ANA A] B0 BRI B AL R L%

151

-

1.0 F

&&
#iH

i §

Wet weight ration of tibialis anterior muscles

a b c d
3 BAXREAMALEELLR
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; “¥P <0.01 vs bridge group.
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%200

x400

B4 HHKREH HELEBER x400

Fig.4 HE staining results of spinal cord of rats in each group x400

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

2.4 ANA TEEK BB WA HIE AT O
g5ty HE Q25 0 oK IEH 41K BUE #8110 A iz
BT ML S5 T 58 8% , A0 LHES B 5, i S
R Y 185 s BORLA BT A iz S 2T iR
ATHRE AN MAZ AR L, L BLAR ML e IAFE , 20 RS
L s MR Ee 4L BT #1128 B 28 70 40 M v ik 4 SE B
BUD A B R R, e a3 5] s B A
Tl F328 SN MR AN 3 RS, G (4 5, s Al
FEXFSEHRE . LR ANA BT CaE DR BRI A 3 17
ZIUIL S . WK 4,
2.5 BIETLH AT Western blot %46l &5 5%
m Apaf-1, Caspase-3, Bel-2, Bax, Cyt-C & B H) &
KB VOG0 R BUEBE P 1) Apaf-1 |
Caspase-3 \Bcl-2 5 H#FRiC &4, Bax f1 Cyt-C 25
BRI W LL A A5 R o, B P4 2 2057 T 18
A FIB S 2T A o 3 — 296 E A 4
REIR 5 IEH A R, R R R #EH Apaf-1,
Caspase-3 \Bax ,Cyt-C 5 (A FE ik 5 (P <0.001),
Bel-2 HE LXK (P <0.001) ; HHERIL] LA, BF
S A H R BB P Apaf-1 | Caspase-3 | Bax
Cyt-C TEAFR XD (P <0.001) ,Bel-2 FE A FR B
(P <0.001) ; 5420 AL, B4R AT #E
Apaf-1 Caspase-3 . Bax .Cyt-C FE HFFEHIHD (P <
0.001),Bcl2 ZFEHFE AWM (P <0.001), Western
blot A5 25 5 7R - 5 T H 2 Fo A, B2 K U
Hh Caspase-3 \Bax ,Cyt-C HK [H#F£ AW E (P <0.01, P
<0.01, P<0.05) ,Bcl2 HEARZXLER LG ITH =

S SR e, M AL S A AL K B E
Caspase-3 ,Bax ,Cyt-C 5 HZ ik (P <0.05) , Bel-
2 HHFRBHIN(P <0.05) ; S A L, A4
KB #EH Caspase-3 . Bax,Cyt-C & (I F£ L &= D
(P<0.05),Bel2 EH XA ER TG HE L. W
k5.6,
3 it

SN J5 122 3 fH 22 21 24 % Az Wallerian 2844, il %
FORESH IR L i , o8 5 HOpP 28 T MR AA IR O i 422,
Bz 2 IR , (A5 sl 2T LA B T REAR S Kk
AL, AT 5 R A 2Ot iR st T R
BRI 5" " © 2 UEWT, ANA AT 3 3o {12 3F i
LB ST RIK, BGEE S oo P e KB
S VARG AR 55 07 s e ik SNT g 52, )
VERR BB 2 45 0 b R A A 2 3028 o Smail et
al " BFSE A B, ANA F5 BB B AR AT A 1 4
JRLAR R Ak, ATl 278 28 240 L R 4) -, 1 i il 5
AR, MRS i i 2 B 5 . ARWTE N 5 51
WS 4G ANA () DNA 5 5, 45 R 7, ANA tp
f9 DNA & i 250 T 08 pf 22, U B A 48 1 ANA
20 MR R 4T, 51 A ZH 2R RIS RO B e,
T HA BT 2 SR 25 1 AT 1) e S vk, 2 fe
SESLH T IT R AR

PNI J5 2 B 2 ou B 1, p 2 e R 5
AR AR B R LR i T A28 LA K
(] 2 i 28 S E , S BONL P 28 45 , M 42028 B DI RERR A%
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Fig.5 Immunofluorescence of Cyt-C, Bax, Bcl-2, Caspase-3,and Apaf-1 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.

(RSBt 1AL /N8 R N Il 11| RATAC S s < |
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i, Hong et al[mﬁﬁ?{yﬁfﬂ SNI K FR4 T FK-506 5
75 R BUIL PR B 380, A i bl 28 D) REAS B AL

*** P <0.001 »s normal group; " P <0.001 »s model group; P <

SFI 0] A S 4 W7 A -t 2 982 47 3 Bl S R A2 156 O )
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Fig.6 The expression of Cyt-C, Bax, Bcl-2, and Caspase-3 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.
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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 10mm. 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, Bcl-2, Bax, and Cyt-C proteins expression in the [4-6 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), but the difference of Bel-2 protein expression was not statistically sig-
nificant. Compared with the model group, the expression of Apaf-1, Caspase-3, Bax, and Cyt-C proteins signifi-
cantly decreased (P <0.001, P <0.05) ; but the expression of Bcl-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). 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 expression of Bel-2 protein, but decreasing the expression of Cyt-C, Bax,
Caspase-3, and Apaf-1 proteins in the spinal cord. The mechanism of ANA may be related to the Bcl-2/Cyt-C/
Apaf-1-mediated mitochondrial apoptosis signaling pathway.

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

Fund programs Natural Science Foundation of Hebei Provincial ( No. H2021406056) ; Scientific and Techno-
logical Research Project for Higher Education Institutions in Hebei Province ( No. ZD2020178) ; College Student
Innovation and Entrepreneurship Training Project in Chengde Medical University ( No. 2022014 ,2024074)
Corresponding author Fu Xiumei, E-mail; fuxiumei@ cdme. edu. cn



