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Moxibustion at the Huiyin acupoint ameliorates inflammation and angiogenesis in
a mouse model of endometriosis by suppressing the NF-kB pathway

ZAN Yan', ZHU Qian?, HUANG Xiaoquan', ZHUANG Yu?, XIA Liangjun' ™, XIA Youbing'?3™

(1. College of Acupuncture- Moxibustion and Tuina, College of Health Preservation and Rehabilitation, Nanjing University of Chinese Medicine,
Nanjing 210023, China; 2. Department of Traditional Chinese Medicine, Qinghai University Medical College, Xining 810016; 3. State Key
Laboratory of Reproductive Medicine and Offspring Health, Nanjing Medical University, Nanjing 211166)

Abstract Objective To investigate whether moxibustion at the Huiyin acupoint ameliorates endometriosis by suppressing the
nuclear factor (NF)-«xB signaling pathway. Methods An endometriosis mouse model was established via intraperitoneal injection
of isogeneic uterine tissue fragments. Mice were randomly assigned to normal control, sham operation, model, and moxibustion
groups. Hematoxylin and eosin (H&E) staining was used to evaluate lesional tissue structure and to score inflammation within
the lesion cysts. Activation of the NF-kB pathway was assessed by measuring the phosphorylation levels of IkBa and p65 and
the nuclear translocation of p65 using western blotting and immunohistochemistry. Serum levels of inflammatory factors were
measured by enzyme-linked immunosorbent assay. Microvascular density and cell proliferation were evaluated by
immunofluorescence and immunohistochemistry, respectively. Results Moxibustion significantly inhibited the growth of ectopic
lesions. H&E staining revealed uterine-like glandular structures in the lesions of the model group, whereas moxibustion
significantly reduced these structures and inflammatory scores. Mechanistically, moxibustion inhibited IkBa phosphorylation
and blocked the nuclear translocation of p65, indicating suppression of the NF-kB signaling pathway. This was accompanied by
reduced serum levels of pro-inflammatory factors, downregulation of vascular endothelial growth factor, and reductions in
microvascular density and cell proliferation. Conclusions Moxibustion at the Huiyin acupoint alleviated endometriosis by
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inhibiting NF-xB signaling, thereby reducing inflammation and angiogenesis. These findings provide experimental evidence
supporting the traditional Chinese medicine concept that moxibustion achieves therapeutic effects through “warming,
unblocking, and dissipating stasis.”
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FENBERALE (endometriosis, EMs) J& — i f2 M 4 BREZ) 10% 5 & U 22 (1) Ml U 3R 106 1 18 M 8 e
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SEUGEH YA IS A S AL UE (202403A036) , BT A R AE R 5F 3R JHE M
1.2 FERFEHE

AR B-ME B (Bl E AR AENRE RO AR AR, B5 E808685) : I K E -4
(hematoxylin and eosin, HE) il & ( LilFE = RAEVMERAGIR AR, Tt'5 C0105S); I A A HE &
FME-EMEEASY (streptavidin-biotin complex, SABC) 43 44k 7 & (BRI - A=) TR A
PR aw], 185 SAL1022); IfiLiF 4 4E P ¥ M B 4 9% W B ) %€ Cenzyme-linked immunosorbent assay,
ELISA) & : IL-6 ($7'5 YJ002095) . IL-1B (f%'5 YJ037873) . TNF-a (%5 YJ098416) . IL-
10 (#5'5 YJ098430) HWH iR EMRI AR AR . VEGF Jifk (Xw&MAEMHARGRAA,
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1845 sc-7269) ; NF-kB p65 (525 8242) . Phospho-NF-xB p65 (1%*5 3033) . Phospho-IxkBa (5%
2859) . IkBa (175 4812) iy HFEEEAEMIAFEGRA A ; CD31 (KR AR AR A A,

15 TA6191) ; Ki67 (IHPH B AR AT, 125 able67) ; Fabt CORIITHER IR A ay BRI 1y
HIRAF, %5 R510-22-10) o /NI N S BREENL CER YN T B oK 48 28 Ay BHH I A BR & A

R5501P) ; A HZWAHL W (H ARSI R4, TECS)  H AL KHL (HistoCore
PEARL) . AMEVIAHL (RM2145) K2R (DMi8) MIWHMEEK REMARA L AR AA .
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SRR 75 RONR, CREBENI S 7 RE o4, HdasBad4 (Normal 40) 7 B, BREARA
(Sham 40> 7 K. HAp 61 A TME EMs 8L, Hr 7 RIE N FHE A, 40 RAE A ik, 14 K
YERRE R 2 A . R ARG D G, RBENL R IE AR A (EMs 4, n=7) AILRAH
(Mox 2, n=7) . HEARSZIGHFE WA 1A,

(D) ZE W22, B a5 am gtk R o, Fra /R T &S FES R R B-ifE i
W BT EKM, WEN 30 pg/mL, FEAN 150 pgkg, & 4 K—x, it 2 &) . S2iWE,
fEHATHE SR A WS R, R hRdES % Gk #4814 SE A (4d) BT L KEHZ L
B (BhERTD sl B A E B MikA . 5 2 ESE, A /ANRIIEFE D bx
e, HEANFEM NG A AT, BE AT IR .

(2) FEBABEREE: 52 WETPR p-M BEBENESE 5 K, £ 3%~5% 5 5 5 1K Bk
T A FE TS AN R . TR &M P 75, @A BRI M (phosphate buffered saline,
PBS) i /a A m I FF, A A AR R BT L BT AR R 29 1 mm® K NEIRE . BIF T 0.5 mL PBS H#H .

(3) EMs BRI EE: H ImL yESE (AL 20G £13k) , FIRIEIIE 77 0.5em 4, MR SZ 4k /N
IEIEZAEEAN 0.5 mL FERFIRER. B R NRMTFE#RA PSR 2 A28/ F5)E
T BE WL T RIENG S AR /N BR oy AR 2 AN SR 4

(4) HZHAbH .

KN ARG 5 4k 2R B 2 B 1 B e RF CREEER B-#E B 30 pg/mL, 150 pg/kg, 4 K—
W, L2 o ORMH: ERER 1 KK, BEERREFSAEmn (0.2mU/R, &3 KK, FFt
24 d) , BERE AR L FE HIVE L. AT U R, AT R TT B B 2 A R BRI K [ e b B . @
VRMH: RMFHNTTRFABMNH ., EBEH 14 KiE, LU 1%~2% 5 bt BRI E 5, LR PR
(K 1B, /NRIALEALARUES B NARIAL, AL F AL 5 A 2 AL Sk LR g b i 2425 [ B4 0.4
cm Lok U4k, SRR IE A KR 2 om EE B R .. BH 1Kk, &k 10 min, E4:12d (34
G « OWFARM: #2 5ERHAMF IR FEE B-ME —BEF 5 7 R R FAREAE, (HIEHE W35
SRR H PBS BT EM A REM, ARG [FFMWTE. Shih 4R R R, R W s v 4 45
AT 0. 9% EANIE R SR el . @FAH.: FHWEFE, DM, B, FHEECRAR.

B EE 26 K, DL 3%~5% 53 #l 5t IR FE BRI i S0UHE I F VA e SR FT A /N B, BE S LRI IR . B RE
AL B R AR I B EMs At JEERA B R IR A i A SURGERS), B, 4
EMs skl 5 H R L igre4a, HTE8s.
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Note. A, Experimental flowchart. B, Schematic diagram of moxibustion at the Huiyin acupoint.

Figure 1 Experimental protocol and schematic diagram of moxibustion at Huiyin acupoint
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BUNER EMs JdEH N, 4 4% 2 R E 48 h J5, #HATHMAWEOHIFI A JBE 6 ym)
IFiEAT HE Bett. mim AN SEEs 7> LA TEN B3, RS2 B BE T X I A U0 AT B ik vr Al . BRak
DR I B 28 JOE V70 IO AL PP 70 8 70 B P B . E W E P ZR KT 10, s LR B 5 ik
8 RAANMRRZBOE > BEE, 88 RER SR E (1CC=0.91) , WESL T W7 H% M
o ALl EEAR: (1) EMs IR RBAAZERTEAS, B85 75 WIS R . I L R 40
HEZ L TE) 5 L A R BT B s (20 SRR BRI AR B R e B RSy, B R AR
(¥ 98 VG B B AT 2 o VTS bR E S BEAE STHR T 40 AR mUBEAT T4l (FERR D .

1 EMs fE B2 1 SO 58 B P> b

Table 1 Semi-quantitative scoring criteria for cystic cavity inflammation in ectopic lesions.

W rERR ZHZN 2R AE
Score  Severity Histopathological characteristics
TEER AR BV NI, OB IR B AL ) 6 R
None or minima Cystic cavity is clear, with no or only occasional scattered inflammatory cells.
| e Bl ] AR RS W, R SR .
Mild Presence of mild inflammatory exudate within the cystic cavity, but it does not fill the cavity.
5 o FEfr KO XA B0 R AN (R bR AN B IE.
Moderate Cystic cavity is mostly filled with dense inflammatory exudate (primarily neutrophils).
ML BIEHNR BUR RIS L5 27l 5k
Severe Cystic cavity is completely filled and distended by abundant, dense inflammatory exudate.

1.3.3  Western blot 4 #f

FEHUN B EMs i A SUR B 1, B A I N ON R 1 O 81 70 % Tl TR A ok 7, e e
% (bicinchoninic acid, BCA) VAT E & . B &S EAE Al HEAT 1 = b 1 R 0 - 5% VA0 0 Tk e 4 12 P
¥ (sodium dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-PAGE) /i MLk 7> 55, Bt J5 FIE
R B B W 4% (polyvinylidene difluoride, PVDF) . =& T fd F P B (I 1 15 min
Ja, KIESHMNE—P 4 °CHEB L%, VEGF (1: 500) . NF-kB p65 (1: 1 000) . Phospho-NF-kB
p65 (1: 1000) . Phospho-IxBo (1: 1000) . IkBa (1: 1000) . GAPDH (1: 50000) . kxH, &
Tris Z2 i ER W (& kiR 200  (Tris-buffered saline with Tween 20, TBST) ¥k, 5 BRI ELY)
BEbriC 0 —HL (1: 50 000) =W H 1 h. &/, A Mm% 1k2% KK (enhanced
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chemiluminescence, ECL) b2 R eilkifl& B, Friit Imaged 2 KA B br & 4T K BEAE 2 B o
LL GAPDH NN Z, 5 HinE AWM RIEE.
134 BERALSH

BOES AWV, Kk, EKEPEBRE, % SABC Gt AR & vl B BT #/E. (1
3%zt S8 10 ST VR BEL T P 1 e AL 0, 5% IE T AX T (bovine serum albumin, BSA) H[lj5,
T S —$1 p65 (1: 500) . Ki67 (1: 300) , 4 °CHFE LK. WH, WIKFMAEMERML M
SABC &%), &JafilH & FEBE A (diaminobenzidine, DAB) R Fadtir B, HARHE Y
Mz . TR &K, EWH. HAE, TRZEMHE TWEFRERE. KA Imaged 2 B4 H
PR AR IEFAT Y . X T p65, LAAIMiZ AR YLty BH YRR, BH PR 20 M 0 20 g
B E o RN AR FE B . X T Ki67, Wl P e B X3 (BRAe ) 1P 3506 % B {8 DA e L 2R
HRIEKF. Bk UI FHALERE D 5 MAESEERE (4000 FHT7WE 52 =0T
1.35 LMW EE PCR ERERIESHT

K Trizol VE$2HL EMs WikEZHZUE RNA, FEAEH Hifair® 11 55 —%E cDNA & Bl i) Gk A7 0 4%
. XM Hieff® gPCR SYBR Green il (Low Rox Plus) f7ESZi2¢ 56 E & PCR ¢ Fak47 kM. LA
Gapdh fE NS EEE, KA 244C it FRE RN Rk & BT 51975 d i sEsm Ay TREARA
m AR, BARFHIEE 2.

*2 51MF5
Table 2 Sequences of primers

e 175 (5°-3) KB /bp
Gene Primer sequence (5°-3") Length/bp
Gavdh F: AACTTTGGCATTGTGGAAGGG 23

ap R: GACACATTGGGGGTAGGAACA

nf F: CGGGCAGGTCTACTTTGG 166

R:ACCCTGAGCCATAATCCCCT
b F: AATCTCGCAGCAGCACATCA 147

R:GGAAGGTCCACGGGAAAGAC

116 F: TGAATGATGACCCCAGGCAC 115
R: ACACCCATCCGCTCTCTACT

110 F: TGCAGTGTGTATTGAGTCTGCT 118
R: CGGAGAGAGGTACAAACGAGG

Vegfu F: GTGGGACTGGATTCGCCATT 249

R: TCCTCCCAACACAAGTCCAC

1.3.6 I iE & iE E F

KAENRAIM, FHRFE 2 hBE)S, T 4°C. 3000 r &4 FE0 15 min, M, -80 °CLf
FEAFRE I o P A2 HEAH 2/ B ELISA A G 5, Al i IL-64 1L-1B+ TNF-a f& IL-10 WK . i
ERBEWT: BHEASKHRESMAERIKR, 2KRF58BF. %EE, DY H 3B %
(tetramethylbenzidine, TMB) JE#) & 1, FHAH & IERZIE RN . )5 T 450 nm K R E o6&,
AR A o il 2T H B %% DR IR B
137 BEREHXSH

BOES AT, &g, SKEPEES)E, H 5% BSA =iRE M 1 h 5, Y5 CD31 —t
(1: 500 #fE) T4 °CiFHE IR . PBS MG, fEEELHFMF T Alexa Fluor 488 Aric i —#T (1: 500
Wik W E 1 h. RGMHE 4',6- ZPkH-2-28 505 (4',6-diamidino-2-phenylindole, DAPI) )3}
R Qe an iz s RO R TSR AEEE, Gt i
14 SitZEAHE

KMl GraphPad Prism 10.6 #F#EAT Geit 7 Hr At ], sei st R P B kiR 2 (XasX ) &K
Ao BAEIEMEIELL Shapiro-Wilk F 56 31T -4 . PIAHLLBCR A t ke de (IEZA 704D B Mann-Whitney
U kel (RIES 2D « ZAHESRAREERTTZ 28 (ANOVA) 5 Tukey kel (L&) B
Kruskal-Wallis #5555 Dunn’s fu3e (EIERSAD o A A, Pl P<0.05 X/nf W& %E

=N
Ft o
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NRTHG, ok X Sk i W 28 AR f5 M i B L6 5 R B A, ) R ek S 4R (B 35 /)y (P<0.01, 1
2B, 2C) , HFANEIEEL R EEZER (B 2D) , XH/RIR F AR N HIEA kA
seAh, SERFEARAME, RN R EL#E T (P<0.001) , 137 4046 & & 2w T AR AL
(P<0.01, ¥ 2B) , WU URTHAIEZEZME EMs sHEEIAFERE. R, YRARBISHETAR
MR A s K (P<0.05) , R RAEIE T AN R SC B k2 .l W R REf A i
EMs MR, S0 SR i A K S I LK, X NIRRT 2 e R KA /£ /) EMs SRS fit
TIBAE IR T SR

A B il YR
EMs group Mox group
HEHIH VR
EMs group Mox group
C s D ns E —— e
0.6 104 Normal group
< 24 BEFAR4L
ﬂé < g 8 . . - Sham group | .
T L N D 237 gyl b
g o 0.47 O uﬂ\]ﬂ g 6 o 221 EMs group Fxx
= E o g e Il **
= 3 ﬁ ° o B Mox group
£ 2y 47 =2
o L >N
25 0 £ =g a0
=8 2 29 0
4 19
0.0~ 0- o 18 . . . . :
N 5 B 6 7 8 9 10 1u
SN s &S S \
X @%% A § N 9’0-1.% i [/ )
< K < - Time/week

TE: A: AR YE EMs Bkt ek B (L0 [ AR R EMs AL, GRSk i8R 8 ) 5 B: B4 EMs ik SIRX A C: EMs i dt i
Mgk D: EMs fidt e gt E: AR ER ML . SEAAML, #P<0.01; H5EFARLMIL, "P<0.05 "P<
0.001.

Bl 2 W REHINRT EMs /N R R AL A A B EAER (n=7)

Note. A, Representative photograph of ectopic lesions (red circles indicate ectopic lesions; orange arrows indicate blood vessels). B,
Comparison of ectopic lesions in each group. C, Statistical graph of ectopic lesion volume. D, Statistical graph of ectopic lesion number. E,
Body weight changes of mice in each group during the experiment. Compared with EMs group, *#P<0.01. Compared with Sham
group, "P<0.05, ""P<<0.001.

Figure 2 Inhibitory effect of moxibustion at Huiyin acupoint on ectopic lesion growth in EMs mice (n=7)
22 XREMINKE EMs R HARZF L
RV LR xE EMs AL M I EEAE AT, X6 EMs AL IEAT T HE e 041, W&l 3A fiR, EMs
PR TR T B AL, WERE. WBESUUZE. BAH RGN AR A LS ZaL, HEEREN TR
KECLFPERA0ION ERRIEZ HY) . M2 T, CRAM BRSSO R, 25 A JORE 40 LR
PERE R . WEERAESATHEEE AN, SRER, WRAKKAEN T BHEMTHRMA (&
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3B, P<0.01) . [ANf, CARAM K RAECE 8 &> (B 3C, P<0.01) . BLESIREN, ¥
R FAINRER R EMs i KE AU AL S35 B A2 250, DR IR JR) BT AORE S M

A A URH B 8 4 ##
EMs group Mox group S
KE 37
o 1S
= £
Hs o
RE
(IS
£ 1
® 3
2 o
500 um 500 um k7]
== & s e
yv*%;@% ’ﬁ/&jé
¢ N
L C 407 #
T £ °
<8 307 @
100 ym 100 um ~ 8
@E’ 20 @
<5
=2 101
>
P4
0
@»‘%0\& va‘%o@
33 um 33 um )“‘%L %% )§’+¢2
S W

: A: EMs st HE et (BEABENNERN KRB X, BEORL 59y Mo R R, Beasgshmmtiz,
o S fe A MRS, A E SR NI, 1 0 2 X IS R 4% AN IR R DX s A ORI B AR BRI S VR ST R
(n=5) ; C: EMs ittipfa# &gt B (n=5) . SHMAML, *#P<0.01.

3 WO EMSs /N BB o A 2H 21 85 4 1 el
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Figure 3 Improving effect of moxibustion at Huiyin acupoint on ectopic endometrial tissue structure in EMs mice
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Figure 4 Inhibitory effect of moxibustion at Huiyin acupoint on the activation of NF-kB signaling pathway in EMs lesions
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Figure 5 Inhibitory effect of moxibustion on NF-kB signaling pathway-mediated inflammatory Response
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Figure 6 Inhibitory effect of moxibustion at Huiyin acupoint on angiogenesis and cell proliferation by inhibiting the NF-kB signaling pathway
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