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(HZE) BH # % A% % (Emodin, ED) %t & AR 77 [E 28 /N 58 AL B9 25 15 F DL X 3 STAT3/VEGFA/p-ERK 15 5 3 5 #h % v .
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TR KA B WA LM T #5 F A% FTHIE T 3(signal transducer and activator of transcription 3, STAT3) i % /1 A £ Kk H F
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Inhibition of emodin on STAT3, VEGFA, and p—ERK protein
expressions in mouse model of dorsal root ganglion compression

and its analgesic effect
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(Abstract] Objective To study the analgesic effect of emodin (ED) on dorsal root ganglion compression mouse model and its
impact on STAT3/VEGFA/p -ERK signaling pathway. Methods A chronic compression damage (CCD) pain mice model was
established and the mice were randomized into blank group, model group, pregabalin group, low—, medium—-, and high-dose ED
groups. The mechanical and thermal radiation pain sensitivity thresholds of the animals were measured, and the analgesic effect was

evaluated using the acetic acid writhing test; the levels of inflammatory factors such as Interleukin—6 (IL-6), tumor necrosis factor—o
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(TNF-a), and CD18 in the spinal cord of mice at [4-L5 levels were checked by ELISA; the protein expressions of signal transducer
and activator of transcription 3 (STAT3), vascular endothelial growth factor (VEGF), and phosphorylated extracellular signal-regulated
kinases 1/2 (p—ERK1/2) in the spinal cord were determined by Western blot and immunofluorescence. Results Compared with the
blank group, the model group showed significantly decreased mechanical and thermal radiation pain sensitivity thresholds, as well as
significantly increased expression of inflammatory factors in the spinal dorsal horn (P<0.05), and the expressions of VEGFA, STAT3,
and p—ERK in spinal cord were significantly up-regulated (P<0.05). Compared with the model group, the low—, medium—, and high—
dose ED groups of the CCD mouse model exhibited increased mechanical and thermal radiation pain sensitivity thresholds (P<0.05),
decreased expression of inflammatory factors in spinal dorsal horn (P<0.05), reduced expressions of STAT3, VEGFA, and p-ERK in
spinal dorsal horn microglia (P<0.05), and a decreased number of writhing in acute pain induced by acetic acid in mice (P<005).
Conclusion ED has a good analgesic effect on dorsal root ganglion compression mouse model, and its mechanism may be related to

the inhibition of inflammatory factor expression in the spinal dorsal horn and the activation of spinal microglia mediated by STAT3/

VEGFA/p-ERK.

(Keywords]) emodin; chronic compression of dorsal root ganglion; neuropathic pain; STAT3/VEGFA/p —-ERK signaling

pathway; analgesia; inflammatory mediator
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and activator of transcription 3,STAT3)/IflL%& M 5 A4
KK+ A(vascular endothelial growth factor A,VEG-
FA)/5 IR Ak 1 48 B 41 94 755 28 1 B (phosphorylated
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I, B HAEE POK OEIE Y 12 hot/12 h #,
MRS (2321) °C, M 55%+5% , 1£38 N 1
W% 2~3 d Ja TS, %5 2t 1 A B 2# B 5R
TR R 2 B A B B3 At e, S5 Bl A 16 B A L
5 2022KY1145,
1.2 #HY5RF
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W Fi LB R[5 & i 25 (HE ) AT IR A A4 .
2022.03.26];STAT3 \VEGFA .p-ERK1 (L BH 7 26 4E 4
FIRATE] 52358 WLP2412 WLP0O1la WLP1512) ;
/N B 5T 41 B AR &9 (fonized  calcium—binding adapter
molecule 1,IBA-1) (3 [E Abcam 28], #t5 55~
abh201015.1832039.1816955) ;GAPDH (3 Cell Sig-
naling Technology 78wl , b5 :2118s) ; TNF-a 12051 &
(iR R YRR A A PR A W) 415 :98029ES48 ) ;
IL-6( B8 = RAYH AR A 5 . PI1326);CD18
R (L I A R A RS | A5 E2023-
0803-31063A) ; DAPI %2 a3 7] (K35 = R AW EH
A B2 F LS . C1006) .
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PLIBR AR M) 2R G0 (55 %86 ) A1 PR X 7] ]; WSF400LED
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F G ALK (RN FE RIS A R A ) .
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SRR 4 EMERIFL, SRAHEAZ N 0.6 mm A
B2z (K295 mm) /N0 248 B HE R AL 1 Zkdd A
Ze AT 4 HER L, S5 ) o 22 S35 e 5 5
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H . shP i 0 ERVE © 457 AR 32 380

254 e FR BT R A A2 (ED R A 1
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(7.5.15 .30 mg/kg), =5 FH4L QR HER FLS BN 4E &
AR BRIZH CCD /s R F “L" B AN 55 40 22
A AHENRN AL, RS WL F 3R i A5y 725 5 3 bR
FERL A 20 Aty 1 45 T35 3 B MK (60 mg/kg) E 1 SED
e 0 2 A AR R A AL 45T ED IR
M (7.5.15.30 mgkg)#EH . 25K 1T 9 siEIF
G AR 24, 25 LU R R A s Wi B 48 7 S IR R 2R
HEbK, BEH 1K, #ELEL6 d,

Z AR R RS S N BU  R m
PRI AR ROR ik, 38 B LS ARG PR A 45 Je K H 7 i
A5 me/ke, Pro /N4 2555 60 mg/keg, AR
o SCHRAZAEY, 50 mg/kg ED X 45 i fi /1y U Y 14 i
S ELA W IR, R A 30 mg/kg 1
N RGN IFLL 2 B R B E RN A
A,

23 B

KRG 1.5 b 190505 285 (40 mgkg)
IR, AT TFHE-E U 25 B BE U 1A~LS B 861 B, 1
Bh o W B U B LA~LS B RE T AR, BERR Gk, R A7
FEA 2D, T e ¢ Y6525 ELISA 1 Western blot
K vEAf ED 5 2538
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W BT E LRI ISR 1~2 h, ffH Von Frey
A2z (2~26) g BEALINIK /IS BRUZACJ5 2 A2 IS 9 AL AR IR
W A AR A, SR F P 53 A /IS BRUAR 2 R  3 aet
A 50948 e BRE 21 2 S B AU s ]
Y 5 A IR F /N BRUZE 5 R e | S A i
SRS TR B R S W AR 5 min BN, 2
M 3 Yk, fe KR B[R] 3 A Sk 20 s, S Al 59 (i
WL 18~22 s,
2.5 BABRMAMAKIKRNERER

3 Fit; UMK T2 507 0.5 h HEH 45T 60 mg/kg
W 3 AR ED IC R A 4H (7.5.15.30 mgrkg)
TELRHT 1 h #E B S TAHNKE ED, = HAH M
RV 25 T S5 R R BRER UK sh W 444 10 ml/kg 16
J T 5T 0.6% i FR 7 W, 12 5% /N B 20 min N 19 #1114
KEL,
2.6 ELISA #&ill TNF-aIL-6 #1 CD18 I & £

b 4 HE ELISA iﬁ*ﬂﬁiﬁ%%ﬁaf’ﬁ ) 45 20
J\ﬁL4 L5 5 BoA#E4 20 TNF-a \IL-6 F1 CD18

ik, i FULL- ré| m@wuw 2% 2H A A 1 IR
%TE{E,VF%TNF—OL\IL% H CD18 [ AH X & i, i
(TN
2.7 Western blot # ll STAT3,VEGFA ERK1/2 &
SE3rY/ 2

P H /N LA~LS B HE2H 20, % D=L i vk
5 2R Tk L HEFT SDS %W%@ﬁﬂﬁ%h%ﬂm
BEE BFPA R —$0 (STAT3, 1:800; VEGFA , 1:300;
p-ERK1/2,1:500; ERK1/2,1:500; GAPDH, 1:1 000)
A, PBS PRI 31k, = IREE P (1:5 000),PBSTE

% 3 WG W BRI UGS A LS, 5 ] Image ] 4K

(TP

2.8 BEWHKIEMRMSTATI VEGF,p-ERK1/2 &
BRiLKF
W A BB A ZLE AT RS B YD 5, PBS 30k, 14

L E—$0 (STAT3 \VEGF ,p-ERK1/2 IBA-1) ,4 °C
M E . PBS EEVESS , FIRBEE UOL H 2 h, %
JC R N WA E WA S T R IKFEN . R
FH MG 53 Bt 28 G830 BE A 40 =30 R AR 43 W 6 BE A1
29 GitFEaH

K] SPSS 18.0 FAFHFATHE 4307 o BHiE LA “as™
EZN %m$%ﬁ§ﬁ$ﬁ(0neway ANOVA) VAl R
FAb PR Z MR AR EE R, #F - P HEH
A (Tukey's HSD test) B 25 SEH0 20 5 0 B4 22
G112 22 5, P<0.05 Jg 22 7 B G248 X,

&R

3.1 ED 3% B 4140 5% 8 R #4458 ST R S (A /Y %2 M
575 FLAUAR H A58 780 28 BIL AR RS B80T A0 4 S o A
1o (B B i B AR (P<0.05) ; 5 BEALZH AR L JED Ik |
o 791 ik 2 B i B MR ZEL AL AR ORT AR S
B & | TH(P<0.05) ;55 ED &4t 1% sl i
2 AL IR B AR R S 9 R A ] dl B AR (P<0.05) 5
5 ED rh i 2 A KR i 2 AL B RS RN B
o6 H950 1 P 8 B K (P<0.05) , 3% Fif B bk 20 ML AW 4
R AR AR ST 9 (Y S 386 (P<0.05) . FEDLER 1,
3.2 ED X & AEFBATE/NRERBAE XN
5525 AR LG B 2 /N B A O B 2 1
Jn(P<0.05)., SEEAIA A ED AR R g
7 Tt 1 WK 2H AR OB D (P<0.05) 5 5 ED &5 &
YL H A o 700 A R 35 ity bR 21 LR vk 50

F 1 EDEmyLMRES . BN BHEE s, n=9)

Table 1 ED increased mechanical pain sensitivity and thermal radiation pain sensitivity thresholds (x+s, n=9)

a5 1 gl B i A S
SET 9 (H /g TRt 24 00k M (E g BT B (/s IAEZY R A s

ZSHA — 11.28+1.12 12.16+0.81% 8.36+0.67 8.52+0.35%

BRI — 1.42+0.60 1.33+0.12% 4.58+0.15 4.58+0.41%
ED %5 41 7.5 1.53+0.21 1.94+0.61#5¢ 4.53+0.29 5.35+0.31%%
ED il 40 15 1.410.17 5.83+1.87#% 4.65+0.22 6.72+0.55%"
ED w5 41 30 1.72+0.51 10.29+1.23%¢ 4.98+0.59 8.17+0.45%¢
- St £ A 4 5 1.58+0.61 10.52+1.15%¢ 4.93+0.49 8.18+0.41%¢

L SR AL AL #P<0.05 ;55 38 i R L 52, *P<0.05 55 ED 3 71

2 L, 'P<0.05 5 5 ED Hhfl a4 L85, 4P<0.05
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(P<0.05); SED "7 & 20 Ho g, I 57 i 2H K 3% i B2
R ZH AR B 1 (P<0.05) 5 5 3 3 B AR 2H AH H
ED /& ) i 4 LR R BOE I 8 22 5 (P>0.05) . TEIL
[zl 10

% 80
~
™~
& 60
e
==} 40
,\{E
&
iR 20
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B B
PR UCUR™
T ’%‘-‘&,’% 2N %’& %Q)
SO S %

1 ED #0057 B B/ R R & (ks ,n=6)
Fig.1 ED inhibited the pain-induced writhing
frequency in mice (x+s,n=0)

T S AR, #P<0.05 5 5 ¥ S LR ELAR *P<0.055 5 ED

4l 42 ,*P<0.05; 5 ED il s 4 g, 4P<0.05 .,

33 ED WMEAEWE ARERFRIZKFERNE M

525 (AU L A R A A 2 4 rh R E T
(TNF-a IL-6 F1 CD18)7K - &l 3 3% fin (P<0.05); 5
BEARZHAR LG ED IR | e 50 o 20 2 B T AR 2 /)
B 2 B B A1 20 b R E T (TNF - IL -6 FlI
CD18) 7K - i 3 B Ak (P<0.05) ; 5 3 B [ AR ZH A 1
ED A%, Hh 5 6 21 4 0E 7K B 8 E 5 (P<0.05)
5 ED & Al i e ED AR PRl 2 A AE R R K
B BT (P<0.05) ;5 ED il a4 A  ED & 1 i
2H A9 7K 7 ] BRI (P<0.05) . TEILEE 2,
34 EDWEAEHEEMEL STAT3 RiZKFH
A

R E N SN < s E R R )
STAT3 ik K IBA-1 5 STAT3 w4 & (1 FH P

2 L5 251G i (P<0.05) . SREARLZH L ED s A
20 DL T B MK 4] STAT3 %3k 2 IBA-1 5
STAT3 S [ b5 2 11 BH 1 20 i 50 8 35 A1 (P<0.05 )
538 5 EOARA L ED I R i 2 STAT3 Kik & &
IBA-1 5 STAT3 H:[a] 475 2 19 FH P 48 i 25 5 35 38 hn
(P<0.05); 5 ED @& &4t ED K, 7 & 4
STAT3 Rik it & IBA-1 5 STAT3 2 [a] 45 ) FH
21 B 3 A i (P<0.05) , LK 2,

35 EDMEEEHWERAELR VEGFA RikKFH
A1)

SR S A R AN < e S A R <D
VEGFA # ik I IBA-1 5 VEGFA L [F] b5 2 /Y FH
PE A1 M B0 38 i (P<0.05) , SRR L ED
7 20 LA K Fi B A VEGFA ik & IBA-1 5
VEGFA F&[R] B 2 119 B4 200 i £ 5 3% B IS (P<0.05) 5
538 By UARAL  ED I% i fl i 41 VEGFA 3Rk &
K IBA-1 5 VEGFA St [F] B 2 i BH 1 20 i %5 2 =% 1
Jn(P<0.05); 5 ED & ) & 41 b ED Ik A ) & 4
VEGFA ik & IBA-1 5 VEGFA J:[F] #7522 19 FH
P 41 2t 35 2 T (P<0.05) o TR UL 3,

36 EDXNEHEWE AAL p-ERK RiZKFER
A

%410 ERK 2 (A #5 K ¥ 0 B 3 22 = (P>
0.05), 575 H 4 b, A7 2 /N B B T A 1 2
H i p-ERK ik i & IBA-1 5 p-ERK 3 [[45 & 1
B 440 K5 . 48 i (P<0.05) , SRR HE  ED A
o 70 2H DA R e B AR 4] p—ERK 23k i & IBA-1
5 p-ERK 3 [ #5524 BH M 41 B %0 8 3% B AR (P<
0.05) ; 5 ¥ Hif B AR 4 1 ED IG5l 4 p-ERK %
ik M IBA-1 5 p-ERK S [ b 22 1) BH A 40 B £
FHN(P<0.05); 5 ED @& A &4l e ED K i
4 p-ERK %3k & IBA-1 5 p-ERK [l 45 &
F14) B P 200 b 45 S 2 1 (P<0.05) . TEULIEL 4

x2 EDME CCD/NREME A REREFRIE (x+s5,n=9)

Table 2 ED inhibited inflammatory factor expression in the dorsal horn of the spinal cord of CCD mice (x+s,n=9)

415 FI A (mg-kg™) IL-6/(ng-L™") TNF-o/(ng-L™") CD18/(ug-L™)
=K — 47.56+20.14% 45.84+18.12* 21.012.11%
L2 — 147.3020.20% 235.01+41.51% 46.1210.02%¢

ED {I5) # 41 75 129.1443.16%#¢ 170.81+50.21##¢ 45.669.01+%

ED i3 5 21 15 119.72+14.50%% 131.1520.24%% 32.01+4.16%

ED i 7 41 30 95.36+14.02%* 94.18+31.01*¢ 26.11+4.15%%
o T 1Ak 4l 60 80.10£15.41%#¢ 101.29+41.08%¢ 25.05+4.11%¢

T SRR R, *P<0.055 &

W i UMK HL 4, #P<0.05 5 5 ED il 4 b #2,%P<0.05 3 5 ED Al it 41 e, 4P<0.05
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2 ED#MFIEHERALR D STAT3 & B RIE (v+s5,n=3)
Fig.2 ED inhibited the expression of STAT3 protein in spinal dorsal horn (x+s,n=3)
A B.C.DEF 20387 28 (4] BURLAL ED IRR 241 ED Hifl i 2 ED il A A AR AL IBA-T (4%
@)/STAT3 (L1 () 365 A A0 I Bkt (B2 9, x400) . SHERAL AL, *P<0.05 5 5 % i AR AL L4, *P<0.055 15
ED @ B 41 A, *P<0.055 45 ED il i 41 He g, “P<0.05 .

1.0
VEGFA D S D G e s 40 kDa = s #8S »
=
cApDi WP WD SN GNP W G 7 kDa gos - .
=
%, T
&% xxﬁg%y k\%) x%% N 2
UK P AN
S (@’é\ 0.0
B B B LB B
0787 % 47 P
B RN
O&Q& Q%\%%
PP
.é
T M S pas
2= | EA .
Eiﬂzo B e
853 *& *&$
=% . i
"
0 T T I‘
B B B B B B
R AOA YO
S *

B3 ED &L AAERPR VEGFA B BRI (VL x400; 345 ,n=3)
Fig.3 ED inhibited protein expression of VEGFA in spinal dorsal horn (Immunofluorescence, x+s,n=3)
{E:A B.C.D EF7r53R2z A4 B4 ED R4 ED il R4 ED il dl % 5w LA, S5t
AR Dy IBA-1 (S 60)/VEGFA (LT ) dbhs . SR A HEL, #P<0.05; 15 ¥ i LA AL EL 4, *P<0.05 5 5 ED iy i 21
I ,%P<0.05 ;5 ED il i 41 L, “P<0.05,
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4 EDMHIEHE RALSD p-ERK FEARIE (HE56, x400;x+s ,n=3)
Fig.4 ED inhibited protein expression of p—ERK in spinal dorsal horn (Immunofluorescence, x+s, n=3)
TE:AB.C.D.E.F 353 (d BRI ED AR 40 ED il it 20 (ED i 7 5 20 3% Ji (AR S 5O 2 it
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