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Abstract Objective: To investigate the impacts of total flavonoids of Eucommia ulmoides on inflammation and pain in rats
with lumbar disc herniation (LDH) by regulating CXC chemokine ligand-12/receptor CXC chemokine receptor-4
(CXCL12/CXCR4) signal pathway. Methods: 10 rats were randomly selected as sham operation group,and the nucleus
pulposus was placed on the top of the left L; and L nerve roots. The 40 LDH rat model was constructed,and was grouped
into model group,drug group (200 mg/kg total flavonoids of Eucommia ulmoides) ,activator group (5 pg/kg recombinant
CXCL-12 protein) sand drug—+activator group (200 mg/kg total flavonoids of Eucommia ulmoides+5 pg/kg recombinant
CXCL-12 protein) , 10 rats in each group,sham operation group and model group were given the same amount of normal
saline for 21 d. The sensitivity of rats to mechanical stimulation and thermal stimulation was measured;the levels of TNF-
a and 11.-13 were detected by ELISA kits;histopathological changes of spinal dorsal horn were observed by HE staining;
immunofluorescence staining was applied to detect the activation of microglia in the dorsal horn of the spinal cord; Western
Blot was applied to detect the levels of CXCL12/CXCR4 signal pathway related proteins. Results: The total flavonoids of
Eucommia ulmoides can increase the paw withdrawal threshold (PWT) and thermal withdrawal latency (TWL) values of
rats with LDH,and reduce the levels of 1L.-18, TNF-«a, Iba-1 positive microglia, CXCL12, CXCR4,and NLRP3 proteins.

After the treatment of total flavonoids of Eucommia

ulmoides, the nerve bundles of rats were arranged orderly,
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and the infiltration of inflammatory cells was reduced. How-
ever,the trend of CXCL-12 treatment was opposite to that of

Eucommia ulmoides total flavonoids treatment, and the anti-
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inflammatory and analgesic effects of Eucommia ulmoides total flavonoids on LDH rats were eliminated. Conclusion: Total

flavonoids of Eucommia ulmoides may exert anti-inflammatory and analgesic effects on LDH rats by inhibiting CXCL12/

CXCR4 signal pathway.
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matory and analgesic

A 18] 48 2t (LDHD) % 5 i) 4R 52 4k, R B N
S0 R0 A B 20 SR R T R T LB 30 R R
S AR Rk A B A R R RO T
By A BUR R IR SRR . AR AL RT o
HE ] 48 5 HERE K BN T BRI R A R 2 A
A S U 1Y I M A0 I A A S R T AR IR T
T ) 5 2t . BEL BT I 20 R T 2 2 L 1R - i X
2 (CXO) #afk A 7l i 12 (CXCL12) Fl CXC #1k H
T2 A(CXCRDF 5 4% 3 7 9 2 i 28 Pk 5 /s B A
ZeRAEL BCAS I 5T 1 5 R 0 R R Y A ] 4 2
HHE K BT A B0 A I 2 AL B i R
1 #RFEE
1.1 LK hY

ek SPF 2% SD KR8 i) I [ ik K L IR E 4= 4
B A R AT A A G AT IE 5 SCXK (3) 2024-
003), T K B R & AR K, 5B 45 il 78 20 ~
22 CWREEHIAE 50% ~55%,12 h B/12 h K51 26
TS, AR TR A R L2 A IRA F s e 2%
T HE (B (1£)2024-03001)

1.2 FE R AR

At BT PR AR B S 0 4 B A B O WA
- JO T I5E A4S 43 A E 52 5 ek R 3R S8 ) F - CTNF-a) |
FLA AR A Z-18 (IL-1p) ikl & W A b i g oF 26 9
Al ;CXCL12—3( .CXCR4 — Bt B A7 R &5 & 35 B 1k 4%
M S AE 32 R 11 3 (NLRP3) — 30 . 3 45 45 & fh 3 4%
F-1(Iba-1) —HL U K H CXCL-12 HHH W A
Abcam”Z3 1) s BEAR AR W 17 3¢ E FEBR A H]

1.3 M ) 3 2 0 R BB AR % 43 2

e ol A [ % 2 1RO K RO Y . S MR Sk (03
1 KBRS B 75 16 50 B & I 320 47 BRI 76 K B Z2 B
3.0~3.5 cm YJ F, 4R 58 R 5 = R £ 2 [A) B8 A%
UL Ya) o I 4 B A% 2 2200 Ly R0 L P 28 AR 19 T
T CULE 1), fieJa AT T B AL . BT R A (a] A
KA BEEAEAH .

Ay AR TI 40 HOK R IR BE LB R TR
SRR LE 2 T R A e 2 )+ O R 4L, R
10 H, 29 KR E 200 mg/kg A B ER I
M 7 S5 ) A B A B R K L OIS R AL K BRI R T A
5 pg/kg A CXCL-128 (A, If-¥E H W] f4 #1 A 2 4k

total flavonoids of Eucommia ulmoides; CXCL12/CXCR4 signal pathway;lumbar disc herniation;anti-inflam-

(@) KBS A= AR (b) HERBTER B
ElES: Zahe LANIL AR B TS

B EREARHEARERSTER
Ko 25+ EE R A KR E 200 mg/kg #t fh 5 #
B o 5 W s 1 5 5 pe/ke AL CXCL-12, BFARLM
BRI 20 VE 18 O W8 i i O A i AR R OK . T KRS 2
gheh 21 d,
1.4 AIUBH R 3 A S 5

i 5 R 5 . Vonfrey 22(0.2~26.0 g, \/NE|
RO T LR BRUAT S5 IR AMI 4 2% R R il SRR RUR 2
[e 455 B8 A8 A S5 AT 7 » I T i ) 9 B L B Sk LA
JE RN B A{E (PWT) ,
1.5 HRofl i ORS00

N UR L K R RUBCE ARV /A A R i K A
o DA AS CCHFR IR TR L R B B 4 B 4 B SRt e
FRORE 5 E (L B R R RO R (TWLD)
1.6 HEACREE

58 J R ERATL A SR 35 0 P S 56 R R ol Y e 5
5 e 8 R BRUORR I O 0 4R 1 3l Bk it . O R I W 2
4 000 r/min B0 10 min J& . WA LT . JF Y 5 KR
L, o ABESTAbr A BEALEE A 4L 5 HARATE A% £
R L HARBRADRAE T —80 CUKAA .
1.7 JH ELISA &5 &k 4% 5 1

HOR UL 3, A I K B TNF-o & 1L-1B8 /K -, B
TR A A5 TR ™ A e BEOR R & UL A 3 AT
1.8 FRET MAWEY

W 5 B REAS JE AT A A 38 )l B K S R AT
ARG - (HE) Yo (0, 7662 0 008 T W48 86 7
955 FLARAE
1.9 FHARPEDSE Y I % /N i 5T 48 A 1% A4 A

V5 T 4 [P A 20 8 AN TR ) RE B S K 2 DI
HELTTTERT , F OTC vk 4 31 70 4 8 41 21, B )5 V) Al
5 pm AL VKEY B SR G ¥V R & E 5 — 9T Tha-1
PEE R A B E 2 haa'.6- TPk IE-2- 5K g
WE (4", 6-diamidino-2-phenylindole s DAPI) 4t 4 J5




op [ o R R 2R AR 2025 4F 4 4B 33 455 4

A WO T U,
1.10 Western Blot ¥4l CXCL12/CXCR4 {5538
PEAH DGR R IR

FH RIPA 2% 22 vh il v B B BE TS A REAR B
it 10 % SDS-PAGE 43 & 30 pg 8 [ B A B
B % %] PVDF b, 88 5 FH 5o AR 4R W 1A . 7
4 °CFmA CXCL12(1:2 000),CXCR4(1:1 000) .
NLRP3(1:1 000) \GAPDH (1:1 000) —#i % & i %,
WHIMAZHAEZRT®HE 1 h, KRB R
(ECLO) i Ep 3 iT A4k . IF B i AR 3R GE W58 45l 5 )
FH Tmage J 34534 25 R BE1H .
1.11  Siteeirik

FH SPSS 25. 0 34 Ab SRR I BB UL 2 £5 B
KRR Z M R A R 7 2250 B . P<<0. 05 %
SAEGZIFE X,
2 #R
2.1 b R R X A EROML A A I R AR A

B2 v AR 381 1 5 el

ST ARG L o AR R K BRUL A 48 2 B2 (A
K R4 RSV AR 2 N, 2 R A G E X
(P<C0.05) ; SRR AH L, 265 W0 4K BROMLAR 46 2 S g
B S s S ST R TS 2R A SRR
X (P<C0.05) , 31 7 41 K BRAL AR 47 2 52N 10 (6 B #A
R AR I B FE AR, 2 R A G R L (P<
0. 05) ;5 25 W41 1L, 259 + 303 770 41 K BRI 4 2
S B B A AE 2 RS v AR Wk 3 D L 22 5 o et
L (P<<0.05) . WE 1,
2.2 A TR T KRR AR M R A 5

ST AR A KB TL-18 2 TNF-a 7K
V-l TR E R A SR L (P<<0.05) ; SR

M, 25l Ead 18 br oK BEAR, 2R AR 8

13

®1 EAXBYVHERCRNEERAER
REEKRBEE =107+

4151 PB4 A2 SN B/ g A 2 B VR AR 30 /s

BF R4l 21.36=+1.89 23.8742.47
P 21 12.56-0. 88" 12.79+1. 16V
ESEEE 19.124+2.12% 21.57+2.57?
B A 5.7940. 42? 6.57+0.47%
WG AE 14,9611, 459 13.1441. 34%

FDERBRFARALE. P<0.05;2) HHEMY H A, P<0.05;
35 YA, P<<0. 05,

X (P<C0. 05) , MM 6 ) 4L 48 A K S 7 8 22 55 Ge it
L (P<C0.05) ;s 52 A AR Lo L 259 + 3005 77 40 K
B E IR FRKOE T 22 R A e L (P<<0. 05),

% 2,
F2 BAARMFBERERRIEE (n=10,7x5,pg/mL)
20 51 IL-1B TNF-«

BFARA 22.3242.47 36,7244, 56
MR 32.7343.36Y 68. 637,46V
24 24,4842, 487 42,5345, 377
i eaR EEl 46. 6144, 477 94,3248, 467
25 -+ O A A 30. 3443, 429 61.3646. 62"

s T e

WD ST ARM KL P<<0.05:2) 5HIR A . P<<0.05;
3D HEYA . P<<0. 05,
2.3 kb S EEER N R BUA B T AR 2 200 BB AR Y
A

1B T A 20 K BRUA T AR AL 25 4 I b 8 SRR
GRS A T 5 IRV 86 15 A 24U & R HE S 2R L
B BRI IR s 25 IR IT R B RE T A
it 22 RCHE S 85 R R 55 L A 20 9 1 3 R sk D 5 5 AR A
ZHAH L W0 0] 4 i 2 SRHE B T n A L L 4% 1 A 2
PG I ER 5 254 4 0 R AR BE T A ZUE S 5

R

B2 BHAREBESAALRERS(HE B0, X200)

2.4 kSR X A BRI R S5 400 T Ak 1 5 e
ST ARG BRI 4] Tha-1 FHE /N B2 5 40 i
BmiENL, ZRAGIT¥E L (P<0.05); 5 R
AU L 254 Tha-1 FHPE AN I B0t /b, 25 A Se it
2 L (P<C0.05), & 4 Tha-1 BHPE 40 i %5 2 T
ELERA G E L (P<<0.05); S5 WAL, 25
Y+ BOE 4L Tha-1 PPN M B0 BEom, 2 5 A
Giitepam L (P<<0.05), WA 3 F 3 3,

2.5 A ER XK B CXCL12/CXCR4 15 53 #%

1 KF 1 5

5\ FARA M, 84 CXCL12, CXCR4,
NLRP3HE MK PR #E L, 2R A5 %8 X (P<
0.05); 5 BRI A e, 25 ¥ 2 CXCL12, CXCR4,
NLRP3&H H/K P B FH M. 2R A5 8 X (P<
0. 05) , 1M TG I AL R A I . 22 R A Ge i 22 B L (P<<
0.05); S 254l M Lk, 259 + ¥ & 7 41 CXCL12 |



14

BRI

fBFARL

Eiil

Chinese ] Trad Med Traum &. Orthop,Apr. 2025, Vol. 33, No. 4

g 2RI

3 EHEXR/NRBRAMIELRBERER(X200)

x3 BAXRBRMIEABRBLBERLEE =521

21 5 Tha-1 BHE /)N i S5 40 g 4
CE N 101. 3649, 23
L7 2 157.57420. 59"
254 114. 74411, 737
T R A 326. 45434, 422
25+ B R A 148. 34£15. 459

H.D S5HMFERA K, P<<0.05;2) 5B 1 H, P<<0.05;
D HAYH hE, P<<0. 05,

CXCR4 NLRP3 FEHKFEREAT . LR EHRITFE
X (P<<0.05), WIE 4 K3k 4,

CXCL12

T —— Y  SE—
CXCRA e CCSmmiis emeo——  CREEEEY  cmmmwe
NLRP} - G esese ) e

CAPDH <SR NGRS G S S
BFAE  BE BYE WENE e
W

4 Western Blot i&# Il CXCL12/CXCR4 BB EHKTE

x4 MHMAOBEMFXAR CXCLI2/CXCR4 EEBHREAKEWNZIM (=571

20 5 CXCL12/GAPDH CXCR4/GAPDH NLRP3/GAPDH

e F R4 0.2240.02 0.34740.04 0.4440.02
iRl 0.5740.07" 0.63+0. 08" 0.6540.06"
e/ 0.3140.04% 0.3840.06% 0.4740.05%

T 7 A 0.86+0.09” 0.95+0.04% 0.94+0.11%
2454 -+ B0 A 0.4940.04% 0.584+0.05 0.60£0.05%

HDSMFARA A, P<<0.05;2) 5T H#, P<<0.053;3) 52594 H 4, P<<0. 05,

3 itig

A 1) 985 2 0 T8 % 4k & T 8 BB A L R IR H
LI 18 MR BRI 0 . AR S 5% B SRR B
WA ZEM Ly FI L P 25 AR TT 350, 440 2 JE A (1] 8% 8 1y
ik R BB Y, 25 SR e IR A [R]85 i o R A K RUF
T AR5 B 45 7™ T, 3% WY A ) 8 5 R R RS 7Y A
AT o A A R R B R ) B R 25, mT LGE L
il R K A 7 i v B v W R 75 R 1) o PR R i A R
PR AR . X Ak SR AT & SR A R AL RT A
U 25 JPRE A ] 28 5 1 o AR Y K BR el 428 9 o T T Al S 9 AL
) 5 B P B 2 T R AT A S 5 AT A
D8 MM TR] 28 5 10 R A5 8 K B 8 S g R el 8 9 8 oK
H, AHEFE & BUA AR B BTG YT IS B RS T A 418
ZEARHED B R HE 55 ST AN IR T B S L FR B A A
Sk T TR T T A (] 48 5 1 A R B B — 2 YR
IR .

P22 22 8 v B 46 FIAIE 2 41 PR 22 8] 1) R - 5
25 RhH 28 HE  1  AE E UIRE DG i 4 T IO 44 L UK
TG 5 P 2 M A % U0 AH OG5 S50 R A RELSE o 2 2 i
KM F IL-18 & TNF-o B, 32 5HF 86 R IE M &
Jrtt AR I S IR B [R] 48 58 H o AR A8 A BRUAL A
DA B AR SR P 34 i, AR RE N B T A A A

Tl 97 e B AR SR 5 R o 3 % e R I s 9% E 7K T B
ARG o 48 7R A R B T T A A o A 2 e T AN A
T T 9 E LI L 2 M 1P 280

CXCL12/CXCR4 5552 5 9 5 J8 B # 2 451 43
BRI, Mai %00 & B CXCL12 7218
PRI B 1Y I T KSE T BHL T CXCL12-CXCR4
{5 5 7 T T U/ Bl 28 40 405 75 5 1) /N RO o i D o 4
I 4T 6 8 A, D ol 28 4 D I 7 A 2
Cheng 21 1 & AN H CXCL12/CXCR4 A 3 o Ik 4%
RN I G% A 02 PR AR A B0 K R e e . A
5T 5 LA 11 5 45 SR — 350, A ) 4% 28 Hh R B AR K IR
CXCL12,CXCR4 NLRP3 % [ i 1k, 1 A A s 2% fi
JBJT )5 CXCL12, CXCR4,NLRP3 & /KF & & T
R o BRI 9 D A S B R AT ORE A A 9 CXCL12/
CXCRAF 538 % > 41 Hi LA [ 28 22 o i 485 A0 K R R
IE SR MU . A T 5 UE DL A AR 6 IEME [R) £ 28
SE AR AR R S B 4] CXCL-12 B 1, [6) B 25 7 B [
Fh 23 W AR AR O BRURE A B B AN EE 4 CXCL-12 B
SEH R I CXCL-12 15 B T Rk A 5 2 ) Xof LA [R] 24 28
HHRE A5 R R BRI IR T AR

25 b A A S TR R A AR ] A 5 O
20, HAE WL S CXCL12/CXCRA {55338 B A ¢ .



o E B R 2 R 2025 4F 4 A4 33 B 4 W

TR A JE 22 Ab J2 it /0 Xof Ak A 5 88 T A 390 ) 4
FE X REE TSI RE A.
2% Uk

(1]

[2]

(3]

[4]

[6]

L7]

[8]

KIM H,HONG ] Y,LEE J,et al. IL.-18 promotes disc degen-
eration and inflammation through direct injection of interver-
tebral disc in a rat lumbar disc herniation model[J]. Spine J,
2021,21(6):1031-1041.

KARADEMIR M, ESER O, KARAVELIOGLU E. Ado-
impact, diagnosis, and
treatment| J |. ] Back Musculoskelet Rehabil,2017,30(2) :
347-352.

XIE Z,CHEN J,XIAO Z,et al. TNFAIP3 alleviates pain

lescent lumbar disc herniation:

in lumbar disc herniation rats by inhibiting the NF-kB
pathway[J]. Ann Transl Med,2022,10(2) ;80-88.
WANG Y, TAN X, LI S,et al. The total flavonoid of Eu-
commia ulmoides sensitizes human glioblastoma cells to
radiotherapy via HIF-a/ MMP-2 pathway and activates in-
trinsic apoptosis pathway[ J]. Onco Targets Ther, 2019,
12(1):5515-5524.

AR SR SRR, BRAR T 45 ek A S L %o A i) 28 5% 11y
12 M IBOR K B D BDNF-TrkB-CREB 15 5 i i 1
sma[)]. hae B 254k, 2022,37(10) :6018-6025.

MAI C L, TAN Z,XU Y N,et al. CXCL12-mediated mono-
cyte transmigration into brain perivascular space leads to neu-
roinflammation and memory deficit in neuropathic pain[]J].
Theranostics,2021,11(3) :1059-1078.

BRI YL VR I, 8RB L %, S T PISK/AKT/mTOR 38 %
F 5 AL A S B TR %) 22 98 B 58 255 AF D BUIE 9 3R K7 K B
RAL AR ] P25 25 B 516K . 2022,38(1) . 82-
86.

GU R, WANG L,ZHOU H,et al. Rh-CXCL-12 attenu-
ates neuronal pyroptosis after subarachnoid hemorrhage

in rats via regulating the CXCR4/NLRP1 pathway[ ] ].

(3% 10 7)

[14]

[15]

[16]

[17]

(18]

BRI T 25 40 S 3 S A n vk BH RN 37 3A 9T XU FE T
T O R I I R AR LT . I K & #1241, 2023, 16 (32)
14-17.

KT, 2R, KRR, S5 PR B A B A LR L = IR

SR ATHERE OC AT 4 WY I R 5 [0 ). v | T A A o 8 R
2021,12(9):129-131.

KBEF. TNF-o,1L-17,OPG RANKL 745 1k 5 01 43 14 i 5%
WRKAERCERECRIT] 15K PR, 2022,
40(6) :686-688.

UG XU BRI A5 BB T TR M DG R B
B 1L-18, TNF-o, MMP-13 W5 m[]]. A i 24 24 ik
2018,33(9):3913-3917.

RIERA K M,ROTHFUSZ N E,WILUSZ R E,et al. In-

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

Oxid Med Cell Longev,2021(1):6966394-6966404.
CAI L,HE Q.LU Y,et al. Comorbidity of pain and de-
pression in a lumbar disc herniation model: biochemical al-
terations and the effects of fluoxetine[ J]. Front Neurol,
2019,10(1):1022-1031.
GONG M,ZHANG H, LIU X, et al. Effect of Eucommia
ulmoides leaves on hyperuricemia and kidney injury in-
duced by a high-fat/high-fructose diet in rats[J]. Iran J
Basic Med Sci,2022,25(4) :527-535.
DING W, YOU Z,CHEN Q,et al. Gut microbiota influ-
ences neuropathic pain through modulating proinflamma-
tory and anti-inflammatory T cells[J]. Anesth Analg,
2021,132(4):1146-1155.
CHEN Z,DOYLE T M, LUONGO L,et al. Sphingosine-
1-phosphate receptor 1 activation in astrocytes contributes
to neuropathic pain[J]. Proc Natl Acad Sci USA. 2019,
116(21):10557-10562.
WANG J,TU J,CAO B,et al. Astrocytic I-lactate signa-
ling facilitates amygdala-anterior cingulate cortex syn-
chrony and decision making in rats[J]. Cell Rep,2017,21
(9):2407-2418.
YANG Q Q.ZHOU ] W. Neuroinflammation in the cen-
tral nervous system: symphony of glial cells[J]. Glia,
2019,67(6):1017-1035.
ZOU Y,CAO Y, LIU Y, et al. The role of dorsal root
ganglia PIM1 in peripheral nerve injury-induced neuro-
pathic pain [ J]. Neurosci Lett, 2019, 709 (3): 134375-
134381.
CHENG K I,CHEN S L.HSU ] H,et al. Loganin pre-
vents CXCL12/CXCR4-regulated neuropathic pain via the
NLRP3 inflammasome axis in nerve-injured rats[]J]. Phy-
tomedicine,2021,92(1) :153734-153744.

Ol A% B #1:2024-07-14)

terleukin-1,tumor necrosis factor-alpha, and transforming
growth factor-beta 1 and integrative meniscal repair:influ-
ences on meniscal cell proliferation and migration[ J]. Ar-
thritis Res Ther,2011,13(6) :R187.
CHAGANTI R K, PURDUE E,SCULCO T P,et al. Eleva-
tion of serum tumor necrosis factor « in patients with
periprosthetic osteolysis:a case-control study[]]. Clinical Or-
thopaedics and Related Research,2014,472(2) :584-589.
F R, VK XIS L S B T R AR T AR S
R FE o LT . 15,2020, 33(4) £ 388-392.
X BRI, E R A -1 LR R TT A R HL
PO FERE LT, B 40.2012,25(2) :175-178.

Ol A% B #1:2024-11-08)



