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ARJF 7.14 21,28 35 d BIARM PWT Al PWL 5 E KT Sham 41 (P < 0.001) , 55 CCI 4AH I, CCT + Exe £ARM PWT
1521 d J7 BEHM(P < 0.05) A PWL AE 14 d J5 REIIM(P < 0.05) 5(2) 5 Sham AAALL, CCT K= F1E
A S K B E IR (S ) T 40 b PRI (P < 0..001) 75 A AR (R 18] 77 43 b 3 TR (P < 0..01) ,CCI + Exe
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[ Abstract]

anxiety-like behaviors in rats with chronic constriction injury of the sciatic nerve ( CCI),

Objective  To investigate the effects of low-to-moderate intensity treadmill exercise on pain and
and to explore the neural
mechanism of the exercise-related brain-derived neurotrophic factor ( BDNF )/tropomyosin receptor kinase B ( TrkB)-
c¢AMP-response element binding protein ( CREB ) pathway in relieving pain and anxiety behaviors in CCI rats.
Methods

Exe) group, and CCI + exercise (CCI + Exe) group. Rats in the exercise groups underwent treadmill training for 4 weeks.

Thirty-two D rats were divided randomly into four groups: sham group, CCI group, sham + exercise ( Sham +

The paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) were measured before and at different time
points after the operation. The elevated plus maze (EPM) and open field test (OFT) were used to evaluate anxiety-like
behaviors in the rats. mRNA and protein expression levels of BDNF, TrkB, and CREB in the hippocampus were detected
(1) The PWT and PWL on
14, 21, 28, and 35

days after the operation (P < 0.001). The PWT on the ipsilateral side was significantly increased in the CCI + Exe group

by real-time quantitative reverse transcription PCR and Western Blot, respectively. Results

the operative side of the rats were significantly lower in the CCI compared with the sham group at 7,

after 21 days compared with the CCI group (P < 0.05) , and the PWL on the ipsilateral side increased significantly after 14
days (P < 0.05).
the open arms (P < 0.001) and significantly more time in the closed arms compared with the sham group (P < 0.01).

(2) The EPM result showed that rats in the CCI group spent a significantly lower proportion of time in

Rats in the CCI + Exe group spent significantly more time in the open arms than the CCI group (P < 0.05). (3) The OFT
result showed that rats in the CCI group spent a significantly lower proportion of time in the central area of the open field
compared with the sham group (P < 0.001), while the percentage of time was significantly increased in the CCI + Exe
(4) BDNF, TrkB, and CREB mRNA and protein levels in the
hippocampus were significantly lower in the CCI group compared with the sham group (P < 0.05, P < 0.01). Four-week

group compared with the CCI group (P < 0.05).

treadmill exercise increased the mRNA and protein expression levels of BDNF, TrkB, and CREB in the hippocampus of
CCI rats (P < 0.05). Conclusions

anxiety induced by chronic pain in CCI rats.

Four weeks of treadmill exercise alleviates mechanical and thermal hyperalgesia and
Up-regulation of the BDNF/TrkB-CREB pathway may be one of the
mechanisms by which exercise relieves chronic pain and improves anxiety.

[ Keywords] treadmill exercise; neuropathic pain; anxiety; BDNF; TrkB; CREB
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g Iy JK J5 (A AR

T, A 3RS VPR 107 24 S ik 38%,ﬁ'ﬁ'4j ] 1
R A VA NG 2R L R R 3 ]
( neuropathic pain, NP) J& i JR A B 50 1 28 R Gk A8
BB S AR M PR AR, R R o AT SE XY, T
FEM AT A G i P NP R BR TR Rk

PRI SZ LR o i 0 1o 9[\ %ﬁ:l‘@,m AWAR %
HRERR BIHLAT N T B 1 R A, NP SR Y
7575 A AT 38 SO0 PR R, DT TR i M A

o PR MBI B Ko L A2 %, e T A
I RV 255 | S )T 52 1 22 B A FH R T I PR
YT HOMERS, IR 5K — Bl 5 D ml AT Y A R0 G

Sy — I R PR, 32 A —Fh Ak 25 B
FOT I HAR YT B A RO e i AR B )Tz R
W) AR3E Bl K FEAE T BIL i A 7853 B B

NP A] DL rpA AL fol 50 B 28 H G I
DXt AT BB PEARAY, | ST AF SR AT 5T S B TE Eh AR AE S T

55 FR EIMAR P 5 SRS | TR AT E i 2 W PO AR
FUE L BN R S 3% B AT L Jon v 1
R B 2 0 R BRI R e 4 TR
(brain-derived neurotrophic factor, BDNF ) J& — Ff &

B R R, IF ELAE TR 55 R R i i )2 s
FexM ) BDNF %85 5 15 A2 1A i G 1R 3 s 2 1A

(tyrosine kinase receptor B, TrkB) 25451 & 40 il N 2%
R BN, AR DRI rp X o 28 28 G 1 P A% 1ok i 7
R FERZEEAEN . BDNF/TikB {5 5 #4005 5 vl
D fish %2 PBAE IR 2808 T 455 B 1 ( cAMP -response
element binding protein, CREB) BIB§ Rk , [7] i} i 1k
() CREB X AJ LAK§ 3% BDNF f%% 5%, i 1 {2 3k pf 25
M AEAT SN2 Ak PT B Rpp e e A= S
75 BDNF""" I BDNF Rl /) Bl 42 22 B ) 48
BEAT U ANIEME RN FE BDNF 1] LA Sl 48 % AR F
HEmitE S ) BDNF 7K, AT 7E /D B AR A= B
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HRFPTAR R DR 18 M A B b 2
8 45 13 ( chronic constriction injury of the sciatic
nerve, CCI) SRR LI 55 BDNF 35T i, I
SRENPIRIEIR A & T BDNF 2635 1Y REAIC AT DLk
WO BRI PR AR IR R L T e i
i BDNF ¢, AW & B, iRyl LA iR
i 55 BDNF/TrkB-CREB {5518 i 4t 1k 5 filh i 284
B 30 2 i 1 P 40 P AT A TR R ) i I
FEAT Ve B2 2 e 75 38 1 18 4 BDNF K&
T U R B S BRI R AR
T, ARFITEE R cC1 BRI R, A5 R
FRTT A ER TR S B I8 R CCl LAl
RIS AR IEAEAT M 520, JF AN BDNF/TrkB-
CREB 38 77 I ¥R 5T 1z ) 52 it Y I S £ IR A AL TR
NIz BRI b EAE R SR AL S LAl

1 HRSH®

1.1 ##
111 SEEsh¥

32 16 ~ 8 Ak, 1K 180 ~ 220 g MIMfENE: SPF
9% SD K ERIA TS A 27 2l 52 3 A8 L vt [ SCXK
(1£)2022-0001]) . 5% F AN R 22 A B2 22 Be
[ SYXK(#:)2019-0002] , 1l 32 #1554 SPF 2% , i &
22 ~ 25 °C,MXHRE K 40% ~ 60%,12 h BHEEAS
B A i EE R EROK, R 0 e FRUE PR R
HOBLE T T4, SO0 R SRR Y45 A AR K2
A iRk A0 B A R, Bl S5 56 R Bl P 4 B AR
FHHRN K2 A ARl 2 A0 LA A 25 51 2331 ME ( ZZUIRB
2022-68) .

112 EZEH S

BDNF ( Abcam, ab108319 ); TrkB ( Abcam,
ab187041) ; CREB ( Cell Signaling, #9197 ) ; GAPDH
( Proteintech, 60004-1-Ig ); RNA ¥t A& & ff %
(CWBIO, CW0592S ) ; RNA #2 HU it % & ( Axygen,
23518KD1) ; J % 5 i 7| £ ( Thermo, K1622) ; PCR
P 1912877 £ ( Thermo, K0252) ; SDS-PAGE # i 4%
& (CWBIO, CW0022S ) ; 345 1 RIPA 22 i Wi
(BOSTER, AR0102) .

AE I MEF AR JE 2k (318K ,4-0) ;von Frey £F
Y22 (Stoelin, I2 [F ) 5 $AH 5 IR {1 ( UGOBASILES.
R. L, EKA) ; PCR ¥ ( Biometra, 5 ) ; It A3
PyRRBERL iR, BRI 5 = 28k (e stk
AR & R A R TR A AL L) s 0737 (dh st A

S AIRHE B A R SR A F] L L) s m Rk
KR Z 58 (Bio-Rad, £ [#) ; QuantStudio SZH 5%
Y€ i PCR A4 (Thermo Fisher Scientific, 3¢ [# ) ;
PSR P AL R RARE BRHECA PR A R XR-
PT-10B, &),

L2 Fik

1.2.1 3y

PR E BEAL o3 20 05 6 32 2 SD R RUBE AL
I3 BT (Sham) 41 AL (CCI) 41 TR + 12
3f1(Sham + Exe) 41 A + iz ( CCI + Exe) 41, &
HeH,

1.2.2  CCI BRI &

KL 4% 5 e 5 FRREE 2 ~ 3 min, 2% HKE
YRR O BURR I 4 70 BB T R BB AL o] L 6
SR, A= BRER 7K B LR R B 0k i A7 1 75, B 40
BIORBZEMIB — KWL, 2 88 AR i P 42, ¥ CCT AN
CCI + Exe 4K B HIAEME TR JE K2k (4-0)
RELEFL A B IEE AT 4 DAL, B S5 LI Z 1]
[EJR% 1 ~ 2 mm, G5 LERLMR S ] DLER 2R AN T 3h
N BREES WA M BRI T . PR H
YA b B DR, Sham 41 Sham +
Exe ZH H5 B 5 i KB Ze A i #i 28 T JC 5 6 AT 45
FL, IR FH B0 ] U7 5 5 VA 48 6 L DR 0 B2 R O ik A 7
M,

1.2.3 B3

KEGER 7 d J5, %} Sham + Exe Z1#1 CCI + Exe
HRBIATH G I3 T3, ATk I 4 J5 Y
TR B G E sl T, R E e it 3 d Y3
P2, Nk F %R % 1 K 6 m/min I3 iz 50
30 min,gﬁ 2 K7 m/min [ E 230 30 min,% 3K
8 m/min AYEEEIZ 3l 30 min, 1EUNZRAGIIZ %
4 :8 m/min R EFIZ N 5 min, R LL 10 m/min A9
HFIZZ) 25 min, LINGR 4 F B 5 d, #6 ToH
Ji, WCIE 3 7 5 0 B XV 42.8% ~ 57.58% X
VO, gﬁﬁ[m o
1.2.4 F7hiis

ML P 46 /2 B {H ( paw withdrawal threshold,
PWT) : R LAY« Up-Down” B AT S B0 & 1) |
TEH 7 AR5 XS 08 1 9 BE 1Y von Frey 22 #4713,
2.0 g AR I8 N 26.0 g(2.0,6.0.8.0,
10.0.15.0.26.0 g) . ¥ von Frey 223 i 4 J& M HR
e L 1) K U A PO Bk B ORI 2 8 ~
10 s, BN, A5 K BRAE S FLI 8] P9 sl ZE RS HF von
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Frey 221} i 30 PR 38 (% 47 e SRR /2 SRz, Il 2y B
PR A TC R, A A B o o SR 5t Ay B D)
FIF —ZG8 81 von Frey 223138 #5 K B, U
TEAHRRIE IR AT von Frey 22 AT, S Aa il ik 78 rpr
55 1 UK AP SR AR T 4 YR I RIAT | [l 7R
M5 2 R IHAF] 9 YKy, Joie 275 BB 452 1
i, DAAs Sl i “ Up-Down” 58 THBK: v JE
Wl PWT {H(g) .

PG L AR (paw withdrawal latency, PWL) .
K HARGREAVES 452 {1y J5 gl | 76 34700
BT, 4 A R B ) T — a5 ] 3 3 UL 4 A
W, LR AR 2 O PR 3 B 30 min, IF42 AT IT
TR A A TR R ) AR B DR AR 2 | )
AUCE R B I, BB TR 15 s 5 PR
H3hCH . FERRAL T2 HIE MRS T Rr4L
AT HER UG I b s 4% T 3N IR T 5%
KB LIS, R IEAT 3 K, ik ) 2= /0
)% 20 min, 38 ER 3 YO 5 - YA, 75 1O B
AR 4 2 v R o

B2 R B S (elevated plus maze test,
EPM) o 28 2K 1 S 06 2 A 5 — X T U (50
em X 10 em) — XTI A8 (50 em X 10 em X 30 em)
A X8 (10 em x 10 em) #4325 8 F 3G —
ZRLTAMEB I B G S G O, KT 2%
Z R BESE  TEAT, Ses K BUCE T17 R 2
AR AT TN 1 h, R, 35 B A 46
SR 100 ~ 150 Ix, K B Sk 78 o) O i T
e AR e DI N B30T DR R A M A
X, TFJE SRR B R AR I 2 5 min, T IF VS
DA 45 BRI B) T 4 LG

037325 (open filed test, OFT) : ™37 S50 %% B
£ 455 B AR R RN SR £ 3 B R 8 7EAE TR |
T A AG Sk 0 s R BTERE N TS Sh s B, SE50
DR, SRt R BUBCE TA7 8 7 2 2 2R R
TERNL T hy S TFAR IR BUBCE T 100 em x 100
em X 40 em FHFICHRAG A S X3 (60 cm % 60 cm) |
A IRBER AR ZE 100 ~ 150 Ix, 325K S min
DA B0 G R B R A% B A oy e DX RN o J] DX
i ST
1.2.5 Hubt

S GREIRR T R L, B R B 2H 21, 3R Y AE T
10 PBS ZZ v b, M H R i H R, Western
Blot A6 I 14 ¥ Eh AR 20 2R A 7 AR UL AV S i R 4 4 L 2

H AT 52 50 Il ; PCR A I 1 5 5 (R 2H 25 A
RNA PRI, 4°C 121, Bl it O 37 o 2 A 592 36
g o

1.2.6  SEHF%¢ 06 % & ¥ 7% 5 PCR ( real-time
quantitative reverse transcription PCR ,RT-qPCR)

K ERVE SR A B RNA 385 TRIzol #E42HL, oligo
dT M8 519, 18 ThermoSeript 386 5% S, — A7k
Wi, BEARER 3 ANE AL, H AR BT e
A IE T AU I 514 (WL 1) o RCBEAESERE PCR AX
ar i 7,65 ~ 95 C IR 4k, [ 5 il , Bio-
Rad Prime PCR #1473 B 5OUAE 5 4t , 715845 %
BEA Ct . T3 %0E LI GAPDH S A2 ], SR
27 PR H R TR A AR X R K

%1 RT-qPCR 31¥/F%1
Table 1 RT-qPCR primer sequences
ElL/EA FIMFSI(5 - 37)

Primer name Primer sequence(5’ - 37)

F:GACATGCCGCCTGGAGAAAC

GAPDH R:AGCCCAGGATGCCCTTTAGT
BDNF F.CCCAAGAGGTAAAGTGTAGAAG

R:TAGGCAGAATGAGCAATGTC

_ F.TGCTCAAGTTGGCGAGACAT

. R:CAGGCACTTCCTCGTTCAGT
CREB F.TGTTGTTCAAGCTGCCTCTGGTG

R:GCTTCTTCAGCAGGCTGTGTAGG

1.2.7 Western Blot

H SR I 40 15 o, T 1 g
HIFE AP RIPA Z4ff 2 U R |, BCA 1L
SEE IR, M4 2 pg/pl BAEEE A, SR
FhAE 10% Tris-Tricine SDS-PAGE #Ei% HEL K 4355,
RS K, B, B 5 A PVDF RS, 7E 5%
BSA EHW A IR B 2 ho BHISEHEIA —i
BDNF(1 : 1000) .CREB(1 : 800) \TrkB(1 : 500) .
GAPDH(1 : 1000)4 CHFHE I #& ., TBST k¥ 3 Ik,
FHR 10 min, A ZHUEFFF 2 h, TBST P 3
WE i R 22 B R AT 4, Image ]
version 2. 1. 0 ZRAFXF 45 B AT AH X R 1 434
1.3 SFitESH

SCEE AR GraphPad Prism 9. 0 #E47/E K F1
GEiter o, A R VS + RifE2E (% £ 5)
Fom o ANIRIEE ] SR AT A Y B R F 2 I
ZAT, BIALIR) FL R ¢ K56, i sh T i B 4 4>
21 22 1] 1 bR AU 8 5 2% ( Two-way ANOVA)
IS8T, P < 0.05 R BEAGIFAE L,
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2 FR

2.1 HMIAIEEX CCI#EE A RBIT AR

RIT LR B R, 5 Sham 4IAHE, CCT 41K
BRI 7.14 .21 .28 35 d WBLAR 46 A 10 A4 12
PRI BRI (P < 0.001, & 1A;P < 0.001, &

1C) ,Sham 4 il Sham + Exe 22 0] 22 5% 70 B % 1%

>
o)

" 0
=
% 25+ °
= g
o 5 20 -
87 E
=% ] 52
 E B
Es €3
EE 104 g
=z = g
=& 25
KE 5T ® 5
L <
= T
g 0 T T T T T E‘.'
= 0 7 14 21 28 35 S

FARJG I /d

Day after surgery/d

C D
o 159 .
% B
23 127 "'z
25 52
0 2 =2
£F 91 g
£z g2
=28 # 3
ZE ]
A o— = -
5 97 R
5 =
z E
= E
3 T T T T T =]
0 7 14 21 28 35 ©

FA Il /d

Day after surgery/d

5 CCLAMIL, iz W EZM T 21 d 5 9P B
FRE(P < 0.05,F 1A) Fl 14 d J5 FHRE U B (P
< 0.05,& 1C) . [m] B WLEE I BRI AL B 4 A2 159 (.
Mg Rk 25 LR EME(P > 0.05, & 1B,
1D) . S5 BH, 02 e Ak B i 20 3 0 4 5 0 - R
REAR T R BRI S 1 RN AR [, 177 4 J8 A L 15 4
Bl HLAMTRR 159 1B R0 AR 15 (B A el R

BFARA
Sham group
CCIA
CCI group
BFEAR+ZFH
° Sham+Exe group
CCl+izz)H
© CCI+Exe group

T T
14 21 28

FARJGI A/
Day after surgery/d

T T T

14 21 28
FAR )5 /d

Day after surgery/d

35

T A AR PWT; B AU PWT; C . ARM PWL; D %0 PWL; 5 Sham ZHAA L, *** P < 0.001;5 CCI 1ML, P < 0.05,"P < 0.01," P <

0.001, (FEIRE)
B 1

A R AU FIRVR KSR (n = 8)

Note. A. PWT of the ipsilateral side. B. PWT of the contralateral side. C. PWL of the ipsilateral side. D. PWL of the contralateral side.

Compared with Sham group, *** P < 0.001. Compared with CCI group, *P < 0.5, ¥P < 0.01, " P < 0.001. (The same in the following

figures )

Figure 1 Results of the mechanical and thermal pain test in each group of rats(n = 8)

2.2 BEEHM CCAXRTFEREEEITAHAEN
B

EPM 17y 25 U p K BTG sh i n (&1 2A
No 5B BN, 5 Sham A AH L CCI 4K Bt AT
TR 5= B 1) s 1) 43 B B R AR (P < 0.001, &
2B) 3 A A R B Ay B TR (P <
0.01, 2C) , &/~ CCI B AT S K R BT
MR, 5 CCLAMIE, CCl + Exe 20K BUIFilE 15
B I TR) T 40 b R 2 T (P < 0.05, 181 2B)  {HTEM]
AR s BRI S E) 3 L 25 SO0 B A, ULIRT 2,

2.3 MAIEEHIT CCI XRY HIT AN

OFT 47 4 2 M3t b K BTG S 03 4n ) 3A fr
N4 HRBAED S AT 300 S s AR T i E 2 5
(E13B), CCI A K EAEH g XS 452 B A Ik 8] 7 2
b5 Sham 4HAHI BRI (P < 0.001, 1 3C) ;5
CCI 41AHH, CCT + Exe 2l BR7E A g DX 355 B g sl
) 7720 M (P < 0.05, & 3C) , 7E4ME XI5
SIRET R E S T B 2= R (WL 3D) . g4
7N, CCI A K Yz sh R B, H 4 MGz
BT i CC1BIRIK BN B2 BT
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A BFARA CCIA CCI+iZzh 4 BFAR+ZFHE
Sham group CCI group CCI+Exe group Sham+Exe group

B —_— C
159 #%x 1004 —**
£ e
Eg )
= = E
= g 2.5
&Eg @
g s =
£ = 8
2 o i oo
= 2 e @D
= a <Z e
=© EO

S P &

X 'S S AR
@/x § G Fe FE
& & ORT ReF
& O LY

& s
x

T AR R 2R 3 SE IR S I AT s B« R B R 2R B TP 5 B A I T80 40 B 5 C 2 R RTE R 28+ i B T A i B
RYBSTE T 43 L s 5 Sham ZAH L, ™ P < 0.01, (TFEF)

2 BHRBERET TR ELRIMILLR (n = 8)
Note. A. Activity trajectory map of the elevated plus maze test. B. Percentage of time spent in the open arms of the elevated plus maze. C.
Percentage of time spent in the closed arms of the elevated plus maze test. Compared with Sham group, ™ P < 0.01. ( The same in the
following figures)

Figure 2 Results of the elevated plus maze test in each group of rats(n = 8)

A BFARA CCIH, CCI+Z B4 BFAR+EENA
Sham group CCI group CCI+Exe group Sham+Exe group
A/ =
\ 1 N
0 \
o~ \% ; 1l
B #
600 — _
104 R 100 —
= S o84
53 400 ES
Z3 =
T 8 L 0
= i 5
22 =57y
23 0 =z
fatc v =
28y
0 0- 0- T
He PR B B He HFe Ho B Be HL pe P
&?ﬁ %@Q C/C,\\ %@" /ﬁ;{"‘;{}o& ) &@@& &/‘\& Q;@\’ CCC//\ S 4 %@\‘% _(/é\é;@& ) ,\,?ﬁ‘ Q}O C(é & D %o"Q @3‘\ %ooQ
Or - ¥
o Q7 Fe¥ X% & XY o Xy & XY X' o
&%@0 C QO\&* A&y@ p < Ccc\y /\&y p < chx«» R ﬁ(@‘\*
© & C %\\fu& ¢ N

TE A KBRS S0 S HUE I B KRN 3 AT R A ST 5 C . RUFERT 375 v e DX f52 8 A IS 8] T 43 L 5 D K BRI 80 A IX
Bl B il A L

3 AR GERMIALE R (n = 8)
Note. A. Activity trajectory of rats in the open field test. B. Total distance travelled in the open field. C. Percentage of time spent in the
central area of the open field. D. Percentage of time spent in the periphery area of the open field.

Figure 3 Results of open field test in rats of each group(n = 8)
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2.4 HMARIEFX CCI X BDNF/TrkB/CREB 1§ = EFEARA  w-CCHHESA

Sham group CCI+Exe group

X mRNA FRZR N - CCIA = (FRiEhA

s . 20— CCI group Sham+Exe group

RT-qPCR SZIRZ5 R UNE 4 iR, 55 Sham AH L,

CCI KU & ) BDNF , TrkB . CREB mRNA [
X 2
B EEAR (P < 0.05), Sham + Exe ZHAY BDNF, ;fm
TrkB ,CREB mRNA fJ#i5%% Sham 21 i EH (P < Z<
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