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BE R A AR AR . Fk 2430 210 B SPEAMEN SD X K, &HGF HFERES BT
KA AER LA AoiZ B 40, FF20 10 R, BEA LA A5 Zh 2035 R A Allen's EHIAE T, R % 46\ AP AR R
RASGHATRF K, 34035 T SCIEAEH] 3 d AT TE miE 3| %, i /;Zﬁ@é*ﬂ:i}o BFHETRBEF K
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FTELK . BEBF R, BN P @R fRIRE EFhikE Tk EMEhik EYHRPIK,EF
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F 11 (spinal cord injury, SCI) f&—Fl ™ 5 Y
HORR B 28 RGO , BUR R I RIER 2%,
BEEAN N FRE St R DTE M R A
JEHLAR T A AR P A, T LA R R T R AR A AN
R i 52 451 1) 40 B 28 B oAt B 40 DL 4R R A e R s
WEFEFR I, SCI 5 H W30 il 2 T il 5 48 4 28 00 32 i
A 28 REH), i B SCLJE M T ek &2 .
B, JETT [ KX SCE DhREk E B 5 .

iz Gl —Fh C R A AE 259 1 0 i, i
PRAF ST 7 HoE SCLE TRk & B fE SR .
U S AU e G a8 Sl 205 Xl i ) R
AT A BRI, BEAS A AU e 2B TR T B e 45 A
R B A AT I S5 R ) 1, 1 E S EL AT A 01
I PRYT R A B HAE 9% 3, D Al I
YRRB NS AT AN ff SCI S i 28 95 R 2 8 N0 4% 2
Zehond R HARPLHA AL TR R B . IS
iR N, SClmissh BAMa iy one ", |
s SIS 5 RERS IR Y SCI T A WA P K H B
ML ATE B

JiR PR TS B B (adenosine monophos-
phate—activated protein kinase , AMPK ) J& 4= ¥ {4 4 fig
AL RAY PTG AMPK B DA 0 58492 184 5 41 g [
B &, 12 shRENE [ p-AMPK /K -, #2 =i
Y INNG NS G N (= B P L Bu s - ]
H L KE e SCLR 12 sh I REIR B i ANTE . A
WF5E I T AMPK— H W5 A5 5 38 F% 335 0 2 7 Al 1l 2k
X SCLK Uiz 3 T Be i 52 ) Bz AR AL, LU K
iz 8T 1 SCHR L BB A
1 #Rl5AE
1.1 25

HPEFE 10 JH % SPF MM SD KRR 30 L, fR i
(23020) g, H#TTL4ERE AL Y H AR A BRA
A [ S5 sl A =V e ES : SCXK (#7)2019-0001 |
Az 7 G 3R T R BE R R 2 R 2 S sh o [ 5K
B 38 R4 AT 3E 5 - SYXK (95 )2020-0022] . JiF
ALY B i p at B RN KA s Y SRR L2 Y
S (FHES . TACUC-2206045) .

1.2 REESEERALES AT

121 FESCEALES  CEBET S A QORI T 3 vk 1
A= A Rk O A7 BN 7, B 68097) 5 /NSl S 56
B A0 AL (b AR S8 3l B BB R R AT BR A H] L B
ZS-PT-1I) ; 2 2550 M A B 2R 48 (b 5T A s 3l B Bl B
RIBATBRA T, BS- ZS-BT/S) ; & B R B L&

AR 34 W [ 25 E Thermo 23 7] 5 B UK A i B4 3
W4 H FE [ Bio-Rad A Al 3 4 H sh b & G EUR3Hr &
g (B REeA R A BRA R, BS : Tanon 5200)
122 FESK A BCA & Ak I & R &
(ZEE Thermo 22T ) ; RIPA £H 2 4 Jifg Pl o 2 it ik 2
P T 00 6 700 8 R D+ ) OB TR H 3 s R
He W ARBFSE BT s p~AMPK Fi A4 (7 BH 5 282 Wy Rk
H R LS WL05103) 5 LC3 HidAk vk BH 7 2528
YR A BR A AL A5 WL01506) ; AMPK $i 44 (3%
[ Abcam 23 7, 65 : ab32047) 5 p62 HLAK (B MM 2 FF
YRR A BRA L 5 1 A95292) 5 B-actin PLA (K
PO R A RH A R F L LS : AC026) .

1.3 5855k

1.3.1 SRl 050 K R MR Rl AL BT R
B0 MR TFAR A MR s sha , B4l 10 K.

1.3.2 sy filfE  BEAY L Rz Bl 40 3 R
Allen’s I Hi1E T, AN 58 4 MBI AY , 353 495 59) i
410 gX 25 mm (4T 73k HAE 2.5 mm) o K L A5t
BN i i 20 51 T 43 3 3 LB BE R AR S B
IR iy B 9 I, 5 TR S U S e R Y g 7 il
Uio BFARACRLFHIRMEMN , RBEHHE. AR5
o i FBE A B HEME HE PR , 2 R /d, 2 SCT R FUE LA
FHEMEHER -

1.3.3 THihk

1.3.3.1  FWE M 34T SCIERIRT 3 d HEAT
TiUid Wiz sh il 2k, DAE N B 6 R5E .

1332 izdhdl  FiEmia s 8 R aE A il
SR Y R R R B Y 209% ~40% , 4 35 KR
Ji J 32 s Ty Rk 215 0 R 3%, M 5 3 6 m/min,
20 min/ ¥R, 2K /d, FFEE1 43 JH

1.3.33 P ARMAMEA 2S5 A b E
Bl AT AR YIS

1.4 MEAbs

141 KERGHEshITEE 2RISR 1.7,
14.21.28 K% FH B Ba i 15 17 M 2% (Basso—Beattie—
Bresnahan, BBB) ¥ 73 ¥ PEAd 4% 40 K U5 iz sh o)
AE. TPANET, 2 44 B oA EH R U %5 1, (5
MO (TCARATIE 5 ) ~ 2143 (IE %12 3h) (iR 36
AR KR ey s PR A S L. i
S 2 B VRO 45 R ) -4 (E

142 BESH T T HRE(SCIE 28 X )R
FHA S A A 3 2 40 (b st A s i R & A B
O] S ZS-BT/S) WAL R R S S5 2 Enif
AR R 1§ 5 M & ) B3 o U1 B BT 9 I
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VAL S PR TE RS TR R AR T 47, 45 4
KR R A 7K B 38 2 T 1 — i, FF & H )
— i 2 AR e SR AL S R T S P A S
56 R e, B SE A G E Y Walk Analyzer 3K {41
17 A shar b, 2R 5 T sh HEBR ASHE S B HE , an B 7~
JiE R 1 5 T 4 ik

143 HREMEITTIES LEEB 11 hEa il
WA T Y = D EA AV CR R U 28 £ i i E 2wy 7
BIEH . A A KBB4, 4% £ R
F S 5, K, A i s, RIVE A RERE DI /. &
s oKALfE AT IR IRt EN] B RS, TR
BN MR TR REM ST A M E .

1.44 HHEH L p-AMPK  t—-AMPK | LC3 . p62 & H
Fik K R Western blot 2 6 i 4 & 2H 21 p-
AMPK ,t—-AMPK , LC3 ,p62 T H £ i K. BT
-80 ‘CRAF I RELALLY, A GE = 24 AR W, A2 vk b i
A7 55 FEAFE L 4 °C 13 000 r/min &5 15 min, %% I
HWTEPE . ZBCAEREFMAGERE LHZ )
W, 100 CHNAAASYE S ming A8 AHXT 20 F i
il & A B I (15% , 8% ) R 4 58 (5% ) , FAE(20 wg
B E ), 80 VH H HL Uk BB I S5 300 mA H I i
5% Wi NE WK 2= iR 2 h, FE 2= B WS TBST 2% i

W BE 3 WK, £F IR 10 min, IA —H0 4 CIEH 92 5
TBST 2% Pk F- 15 6 3 YK, 10 min/ YK, N A Z 9% T
% 2 h; TBST 28 #7534 Uk 3 K, 10 min/ WK, HI4k
2ERICWIR WAk R A G BT 4 A sk s £ LK
1B Mr 2G5, 5 BRI T 400 K EE (50T -
1.5 Sileediik

K H SPSS 27.0 A v it 24 b . THE T
B A IES A0 L (x2s) Fon 2N 24 B[] 55 HL R
SR FHEE 52 W0 48 7 25 0 A Z2 A 1A L AR T 22 43
B, 2EL 18] W B4, 5 25 5% R Tukey A5 56 5 AN il AL
IER AT A M(Pys, Pyy) 3R, Z 4110 LR FH £ #E
A Kruskal-Wallis H AR ES . P<0.05 257 HA
GiitFE X

2 # B

2.1 344 BBBiFESLLE:

SEFARA R, WAL 8 sh AR5 58 1.
7.14.21 .28 KX BBB ¥4 B i BAIC, 22 R HA S 1t
2ETE L (P<0.05) 5 SR 2 [A] — i ] 5 b4, d2 8
ZH RS 55 14 .21 .28 K BBB T/ B i 91 55, 22 44
HAG 52 L (P<0.05) ; BiRIZH iz 3 2H A )
FE] 5 BBB PRy b4, 2 R HA G # R X (P<
0.05), WLF1.

F1 3AFREREZBBBIFS L (v4s) i
Table 1 Comparison of BBB score in three groups at different times (¥+s) Scores
21 ) n KBS
1R TR EUPN 5521 K 5528 K
BFARA 8 21.00+0.00 21.00==0.00 21.00+0.00 21.00+0.00 21.00==0.00
TR 8 0.00+0.00" 1.7540.38"% 2.56+0.68"" 5.31£1.13" 7.194£0.96"9
P | 8 0.00£0.00" 1.8140.53"" 4.1341.27V9Y 9.06£3.16"% 12.6943.63"4%

TS ERPARLLE, 1) P<0.05; SHAIA [ — W] e HEL, 2) P<0.05. SIEHLSH 1 KA, 3) P<0.05; SR 7K
LA, 4) P<0.05; 5SS S 14 KHEE,5) P<<0.05; S5iEHUGHE 21 KL, 6) P<0.05.
Note: Compared with the sham operation group, 1) P<0.05; compared with the model group at the same time, 2) P<0.05. Compared

with the 1st day after modeling, 3) P<0.05; compared with the 7th day after modeling, 4) P<0.05; compared with the 14th day
after modeling, 5) P<0.05; compared with the 21th day after modeling, 6) P<0.05.

22 3HBAESEILE

SRR A, AR A B R S b 5
B AP e s 2 R BT A, 12 3
BTN AR, 22 R B G L (P<
0.05) ; SRIRIZ LUK, 38 B2 55 28 K BRI AR fish i
SR RSN AP R K R RE Bl R Y W
Z I RA SR L (P<0.05), WEk2,
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R2 3ESTSHLLRIM(P,,P,)]
Table 2 Comparison of gait parameters in three groups [M(P,,P,.) ]

A o R/ cm? IR E /em i b it JEE AL/ (em/s)  BaIHEE/(cm/s)
BFARA 8 2.16(1.92,2.56)  11.22(10.20,12.34) 180.68(172.06,182.07)  79.50(70.35,80.41)  19.84(14.99,21.45)
WiRlZH 8 0.14(0.00,0.52)"  6.39(0.00,9.15)" 85.43(0.00,125.54)”  15.15(0.00,30.25)"  4.59(0.00,10.73)"
izaht 8 1.45(1.12,1.88)"% 12.68(10.71,13.19)% 181.12(173.17,191.14)% 80.63(71.46,90.78)% 22.88(14.28,24.94)?

T ST RIS, 1) P<0.05; SEEIL] LA, 2) P<0.05.
Note: Compared with the sham operation group, 1) P<0.05; compared with the model group, 2) P<0.05.

. - ke
2 3 "
;-“af".‘ X ..,ﬁ
5 SR ST Y
ol A | =Tl 45 A S
B FAA AL B
EREAN GNP = 2Ny & L L E2
Note: Red arrows indicate spinal cord neurons.
1 BEBWHETHE(X20)
Figure 1 Morphology of spinal cord neurons in three groups (x20)
F3 3AAREMBETHELE (v5) 0.05). SR, E3hHLC3N/LC3 T (p-
Table 3 Comparison of number of spinal cord neurons AMPK/t-AMPK B i F- &1, p62 B i, [ = =S I =
in three groups (7+s) B2k X (P<0.05), WWE2fMES,
H 5 n M2 TR/
BFAA 4 22 00+1.83 P—AMPK | s i me—— (3 kDa
g 4 6.5042.52" FAVPK | ———— 63 kD:
EBA 4 13.00-2.94" ' 1D
HE SIETARILE, 1) P<0.05; SHRL AL, 2) P<0.05, - -
Note: Compared with the sham operation group, 1) P<0.05; com- tgi ]II 7 - 1‘6‘ ll:gi
pared with the model group, 2) P<0.05. B actin . — 43 kDa
24 34 p-AMPK.t-AMPK .LC3.p62 & 1%k BFEARM R4 EHd
IKF-EEA E2 3% p-AMPK.t-AMPK,LC3.p62 % (= %% El ifs
S5\RFARALLE  EAH LC3IT /LC3 T B B % Figure 2 Protein band figure of p—~AMPK, t-AMPK,
K, pe2 HE T &, 2R W HEHASITHE XL (P< LC3 and p62 protein in three groups
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R4 JHBWHEXEBRIEKFLLE (i)

Table 4 Comparison of autophagy—-related protein expression levels in three groups (¥+s)

24 5 n LC3I/LC31 p62 p—AMPK/t-AMPK
BFARY 4 1.002£0.12 1.002£0.06 1.002£0.12
T2 4 0.6940.18Y 1.48+0.16" 0.62+£0.46
iz 4 1.1240.09” 1.2240.107 1.2340.167

W SERTFARA R, 1) P<0.05; SEAIL R ,2) P<0.05.

Note: Compared with the sham operation group, 1) P<0.05; compared with the model group, 2) P<0.05.

3 i it

SCI & — ™ 5 1Y i 28 R G 45 s v i , =k
TR AR M R R PR RAR R 2N B TR R
PES )@ T A AT 3 A 3, R B R SCL IR YT T
T2 R A T 4k & PR 050 o B ), 2F i el 5
SCLJF DI REI IR .
3.1 WoRPHRIZE T GE SCLR UG S shY)hE

AR AR R, 52 [F]— i)
BN R G A5 14 .21 .28 K BBBITF/r W W 5 L ia
S AR 55 28 KA BN AR | fish b o i 2 Bk
Ao B TNz sl B 359 O G 0 gy B Vs AR
Zrnl g SCI K BUR Iz sh g, X nlae 5 LA R
FA O R B 25 B AR . i g
SCI K B Az s -8 J A 4% S R I R T —-65/ 67 1)
B, MOE A LR BRI . @ G2 SCLE BeZE
Wi R SCLE -5 U Rl % is B -2 3k 51 5=
W REN, O WA M BB L
BIRHET RS R E AL B, Jd
DIfe i e 88,k mife dFz sh o Be K &= o
3.2 WRHE RG4S SCI K BUEE 6 Jm 35 B vk
o fE e ARG

N T ST NRE i B4l E A B =) A e <
AR JE EC AR I B ] DL, 490 i A 61 4 2 8 AR AN, b 42
JCAEG A H 3, Le3 1 /LC3 T .p-AMPK/t—-AMPK
B T & L p62 B B BEAIG , £ 7 ekl 3 7 Al I 24
SCI K BB Jm 350 F K7 e Edp 220 f7 06 . A
W 2 SCI J5 — o 3 B2 () 40 i 2B A7 s 4, HomT D4y i
A0 A AL DA LR A P ST £ R A A
SCLJE A W 52 5% 23 IR A B8 A 28 RAE 3 BN #h 22T
RE BB 5 [ W Bt 2 S BSCLE & B i 112
it 7, LC3 M p62 £ A B H EARIC Y, AT LA
KB WERKE . FEA R T  LC3 I S8z R
FEGR R ABGAUIN T, 5 [ W A 3 76 B8 2 1 A B8 g P
Z T (phosphatidylethanolamine , PE) 25 &, JE il 5
P A L T 235 5 i LC3 I o I A Vg o B 1) S
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AISE B AT LC3 T, LC3 [ FiA/KFa Le3 1/
LC3 T /2% S i [ WAV e i 1 L8 AR, 5 A
WK R IEM R R . AR R, F U [
I 3 R LA oo B PR, X R R Y WA AR
BLREMS R RS A A R R R Z A s, O
H LI 2% 2 [ MR AR A Sk B, p62 i T
KMz p62 af LI it HIz R 56 0 45 kg 3,
(ubiquitin—associated domain, UBA domain )il 5z &
B bR IC AR 11, A WK 5 0 Bl A il 5 2 il
F WV TR E S W 3 I B ). p62 BRI 38
K- BE A% R] 22 S B ) W AR 1 T B /KPP
M2 al i SCT R B LC3 I /LC3 1 BA W T, p62 B
T A, 2 A0 M KO, DT B 2 T RE
X5 JIANG 25220 58 245 AR
3.3 WREFHIZESE SCIK B2 Dh RERG I
GHIhRE N[ ik i AMPK - E1 WS Sl A %
ARG R BR, SHEAY A, B34 p-
AMPK/t—AMPK Bl & 7+ 57 , 42 7 sk 5 - A 1 25 ek 38
SCI K KA 28 ) i A1 )5 32 3 o) Ak 7T RE 5 37
AMPK- H WEf5 50 B A X . AMPKAE R —F 5E
s QU U AH 5 0 A , BE A5 R 4N PN RE L TE
ML BE 2 #E 08 B B R AL AB MR 0% . AMPK BEA%
AR 2 it 28 7T 19 W R0 ) 20 08 T, 0 SCLS M 48
BEIIAE . W TR e — FhRERERIG T T
7=, SHUARRE AR & DI WA
R AMPK A S04 A W] e A LLF 2407 i 2
At D TG A0 2R 20 s, AT AR e 2o T, A
HESCLJE R B DR ;@ /NI B4 i A
I 7S, AR 1 /0N i I 440 G 3% A, 2 v H A 8 405 )
OB 7T S e e (Y R & ) o i 7 €78 A i
T2 TOAFTE A 2 I MR &
4 N %

U EE - AR I 25 AT Bl SCLR BRUPH 22 D) R i
iz B IIHE , 1X AT RES PO A AMPK— [ 15 538 %
A5 Wl GRAE Dy — LA HOJC B A 42 B
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ABSTRACT Objective To explore the effect and mechanism of body weight supported treadmill training on motor function of
rats with spinal cord injured (SCI) based on the adenosine monophosphate-activated protein kinase (AMPK)-autophagy signaling
pathway. Methods A total of 30 10-week-old female SD rats were randomly divided into sham operation group, model group, and
exercise group, with 10 cases in each group. Allen's method was used to establish T, incomplete spinal cord injury models in the
model group and the exercise group, while the sham operation group only underwent sham operation. All the three groups received
preconditioning exercise training for 3 days before SCI modeling to adapt to the treadmill environment. From the 8th day after mod-
eling, the exercise group received treadmill training with weight reduction of 20%-40% of the body mass, and the treadmill speed
was set at 6 m a minute, 20 minutes a time, twice a day for 3 weeks. The sham operation group and the model group were allowed to
move freely without treadmill training after modeling. Basso-Beattie-Bresnahan (BBB) method was used to assess motor function of
hind limbs of rats at the 1st, 7th, 14th, 21st and 28th days after modeling. Gait analysis system was used to assess gait parameters
(footprint area, stride length, touchdown intensity, swing speed and movement speed) after intervention (at the 28th day after SCI).
Nissl staining was used to observe the morphology and count of spinal cord neurons. Western blot method was used to detect the pro-
tein expression levels of p-AMPK, t-AMPK, LC3 and p62 in spinal cord tissue. Results (1) BBB score: compared with the sham
operation group, the BBB score of the model group and the exercise group were significantly lower at the 1st, 7th, 14th, 21st and
28th days after modeling (P<0.05). Compared with the model group at the same time, the BBB score of the exercise group was sig-
nificantly higher at the 14th, 21st and 28th days after modeling, and the differences were statistically significant (P<0.05). The BBB
score in the model group and the exercise group were compared at different times, and the differences were statistically significant
(P<0.05). (2) Gait parameters: compared with the sham operation group, the footprint area, touchdown intensity, swing speed, stride
length and movement speed were significantly lower in the model group, and the footprint area was significantly lower of the exer-
cise group (P<0.05); compared with the model group, the footprint area, touchdown intensity, swing speed, stride length and move-
ment speed were significantly higher in the exercise group at the 28th day after modeling, and the differences were statistically sig-
nificant (P<0.05). (3) Morphology and number of neurons in the anterior horn of the spinal cord: compared with the sham operation
group, the number of neurons in the anterior horn of the spinal cord reduced significantly in the model group (P<0.05), and nuclear
pyknosis was observed. Compared with the model group, Nissl bodies were more clearly observed in the exercise group, nuclear
pyknosis reduced significantly, and the number of surviving neurons in the anterior horn of the spinal cord increased significantly (P<
0.05). (4) Protein expression levels of p-AMPK, t-AMPK, LC3, and p62: compared with the sham operation group, LC3 1I/LC3 1

decreased significantly in the model group, and p62 increased significantly (P<0.05). Compared with the model group, LC3 II/LC3
I and p-AMPK/t-AMPK increased significantly in the exercise group, and p62 decreased significantly (P<0.05). Conclusion
Body weight supported treadmill training can improve the neurological function and hindlimb motor function of rats with SCI,
which may be related to the activation of the spinal AMPK-autophagy signaling pathway.

KEY WORDS spinal cord injury; body weight supported treadmill training; AMPK; autophagy;motor function; neurological func-
tion
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