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Abstract: Objective To explore the mechanism of treatment of endometriosis (EMS) with the combination of Sparganium
stoloniferum and Curcuma kwangsiensis based on the fatty acid-binding protein 4 (FABP4)/peroxisome proliferator-activated receptor
v (PPARy)/nuclear factor-kB (NF-«kB) signaling pathway. Methods EMS models were constructed in SPF-grade female SD rats using
the autologous endometrial transplantation method, and ultrasound was used to observe the growth of ectopic lesions. Rats with
successful modeling were randomly divided into model group, S. stoloniferum (Sparganii Rhizoma formula granules, 20 g crude
drug-kg™") and C. kwangsiensis (Curcumae Rhizoma formula granules, 20 g crude drug-kg™!), and combination group (S. stoloniferum
and C. kwangsiensis combined in equal proportion, 20 g crude drug-kg™!), with another sham surgery group, 10 rats in each group.
Each group of rats was ig administered drug or distilled water for 8 consecutive weeks. After the last administration, the ectopic lesions
were observed and measured by ultrasound instrument and eye, and the volumes were calculated. The pathological morphology of the
lesion tissues was observed by hematoxylin-eosin staining (HE). The contents of interleukin-1f (IL-1p), IL-6 and tumor necrosis factor-
o (TNF-0) in the peritoneal fluid of rats were detected by enzyme-linked immunosorbent assay (ELISA). The average fluorescence
intensity of FABP4, PPARy and the average nuclear fluorescence intensity of PPARy in the endometrium and ectopic lesions were
detected by immunofluorescence. The mRNA expressions of F4BP4, matrix metalloproteinase 9 (MMP9) and vascular endothelial
growth factor (VEGF) in the endometrium and ectopic lesions were detected by real-time fluorescence quantitative polymerase chain
reaction (QRT-PCR). The protein expressions of FABP4, MMP9 and VEGF and the phosphorylation level of NF-kB p65 in the
endometrium and ectopic lesions were detected by Western blotting. Results Compared with the sham operation group, the
macroscopically visible ectopic lesions in the model group rats presented as transparent cysts with internal fluid accumulation, and
abundant vascular attachments on the surface and surrounding areas. HE staining revealed that the ectopic endometrial epithelial tissue
produced a large number of inflammatory cells, with dense epithelial and stromal cells, large nuclei, abundant cytoplasm, fewer glands,
and abundant blood vessels; The contents of IL-1p, IL-6 and TNF-a in the peritoneal fluid of rats in the model group were significantly
increased, the average fluorescence intensity of FABP4 and the average nuclear fluorescence intensity of PPARYy in ectopic lesions
were significantly enhanced, the mRNA and protein expressions of FABP4, MMP9 and VEGF in ectopic lesions were significantly
upregulated, the phosphorylation level of NF-kB p65 was significantly increased (P < 0.05). Compared with the model group, the
volumes of ectopic lesions in the S. stoloniferum, C. kwangsiensis and combination group were significantly reduced, the contents of
IL-1B, IL-6 and TNF-o. in peritoneal fluid were significantly decreased, the average fluorescence intensity of FABP4 and the average
nuclear fluorescence intensity of PPARy in the ectopic lesions were significantly weakened, the mRNA and protein expressions of
FABP4, MMP9 and VEGF in ectopic lesions were significantly downregulated, and the phosphorylation level of NF-kB p65 was
significantly decreased (P < 0.05). The volume of ectopic lesions in the compatibility group was significantly smaller than that in the
S. stoloniferum group and the C. kwangsiensis group. The content of IL-1f in peritoneal fluid was lower than that in the C. kwangsiensis
group. Both the average fluorescence intensity and mRNA expression of FABP4 were significantly weaker than those in the S.
stoloniferum group and the C. kwangsiensis group. The expression of MMP9 mRNA was significantly lower than that in the S.
stoloniferum group, and the protein expression of MMP9 was significantly lower than that in the C. kwangsiensis group (P < 0.05).
Conclusion The improvement effect of combination of S. stoloniferum and C. kwangsiensis on EMS may be related to the regulation
of the FABP4/PPARY/NF-«B signaling pathway.
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Table 1 Primer sequence
5111 S (53 kf’
VEGF F-CACCAAAGCCAGCACATAGGAGAG
R-CTGCGGATCTTGGACAAACAAATGC 144
MMP9 F-CTCCTGGTGCTCCTGGCTCTAG 112
R-GCTGTGTGTCCGTGAGGTTGG
FABP4 F-CCCAGATGACAGGAAAGTGAAGAGC
R-ATGACACATTCCACCACCAGCTTG 135
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R-CGACATACTCAGCACCAGCATCAC
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Z1rf FABP4. VEGF. MMP9 {155 4% 1A % NF-«xB
p65 EIRM KT HCFEEURAL N L, A
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= FA

1 BERBFAREIEIPRAZS

Fig. 1 Macroscopic appearance of ectopic lesions in each group of rats

2 EMS KEFIfRLL B B[
Fig. 2 EMS rat ectopic lesion B-mode ultrasound image
R2 ZHR-BABRMEX EMS XRFAUFLEARBZE (X £s, n=10)
Table 2 Effect of S. stoloniferum-C. kwangsiensis combination on volume of ectopic lesions in endometriosis model rats
(X £s, n=10)

TE B AR AR /mm?

5 X5 /(o ko™
i Reke i (BRI I (BRI TR (R
iRt — 100.1+25.4 12424315 112.3+22.7
P 20 102.0+45.8 53.1+9.0" 40.5+27.6"
= 20 102.4+35.7 84.4+22.8% 70.5+£24.1%*
HA 20 103.6+25.9 80.0+-28.8 67.3+£23.6%

H5RA L "P<0.05; SEHAE: *P<0.05.

*P < 0.05 vs model group; *P < 0.05 vs combination group.

33 ZHR-FHAEAX EMS KR FAAEELRRF
AN 0 Al

W5 KB AEH 15 AL AT P s 4 20 1 s 2
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FUBEST B, AN, 18] 4 R A A
i), BEMEAIER. BRAKRR 75
P B R AR R AR MY, b R AR AT
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3 ZHR-BAERMAX EMS REKR R R RIERFE (HE, X200)
Fig. 3 Effect of S. stoloniferum-C. kwangsiensis combination on pathological changes of ectopic lesions in EMS model rats
(HE, x200)

MBS, MR, MEFEE, R,
MAEFEE . FAE TSR AL IR R %6, M
PRI J5 A D B AORE AN, L S LA 4
Fo ARG AT S B A B A b
YA o, HAREYE.
34 ZR-BARANKRMEE&S IL-1B. IL-6.
TNF-0 & 2850

m*E 3 for, SEFRAMLEL, BARH KR

g b IL-1B IL-6 A TNF-a B8 25000 8T+
(P<<0.05); SEAIAMLL, Bk =#. FARH
KREE®RS IL-1B & EWHEREK (P<
0.05), FLiLAI=#54Hh IL-6 Al TNF-a & &
B2 FEIC (P<<0.05), FEARZHH IL-6 A1 TNF-a [
TEMARKNES, ALait¥ER (P>
0.05). SECALAAMEL, FAH K WM IEEH IL-18
&R E (P<0.05),

£3 ZSH-FEREMARBERRRS IL-1p, IL-6 F1 TNF-o 28500 (X x5, n=10)

Table 3 Effect of S. stoloniferum-C. kwangsiensis combination on content of IL-1p, IL-6 and TNF-a in rat peritoneal fluid

(X *s, n=10)

215 F &/ (gkg™) IL-1B/(ng-L™") IL-6/(ng-L™" TNF-o/(ng-L )
BFR — 127.1+11.2 100.0+7.0 1063.0+117.5
iRt — 149.3+16.0° 108.7+4.7 1340.4+233.9°
iR 20 122.7+11.0 101.5+6.3" 1170.1+£117.4*
=y 20 132.6+11.9 102.3+4.8" 1226.7+116.4"
FAR 20 136.4+12.1%2 103.4+6.8 1227.1£1352

HSEFARALE: "P<0.05; SHEALILE: “P<0.05; HE{H4IE: 4P<0.05.

“P < 0.05 vs sham-operated group; *P < 0.05 vs model group; 2P < 0.05 vs combination group.

35 ZR-BARMANKRFAUAIRELS FABP4
RAFIEHIZ N

T G POV I S KR IER Fed
A AR FABP4 25 A 52 7 e Rk K, WL
4. EHZRFA R A FABP4 RIS (4th
P36, GHFRMEKRFEAL, BAILH A7 A 5
o FABP4 SR 5T B 48 K, P38 98 e i i
Z T (P<0.05), WESERALH kL FABP4 £iA7K
FHE®TIES 7, SEMHAME, Sa44
FABP4 V¥ 3¢ 6505 B Bk (P<0.05). 5=
HARNFEA LA LL, BLAH L1 FABP4 ~F-347%¢ Yt 58 Al
SR VRIS AR (P<<0.05). 453 W% 4.
3.6 =HR-BARBAITARFAAELELS PPARY
RAFIEFANZR A FRIZHIF N

T RO IEAT I A K R IR e A

L AL L PPARY 25 A K RIE KT, LA
5. F 5. AL AL A PPARY HIFKIA
(AN . SHFARAARNRFEME, BAHR
£ A A PPARy 21 5 GTARA A B B84k, T35
RIERE L RIT¥ZER (P>0.05), (HAMRZNA
PPARy WP e i (R 5806 B IES (P<
0.05), IESEFAL LT PPARy HIRZH:AT H BALT
EH e, SR, 5452540 PPARY 15Kk
e AT W R 22 7 (P>0.05), (HA A% ) PPARY
(1)~F- 3515 Yo ik B S 3 5% (P<<0.05).
3 ZR-BAMEXN FERERRARB LS
FABP4. MMP9. VEGF ] mRNA FiAHIF M
5\BFARAKR T EAML, BAH KR RAL
ikt FABP4. MMP-9. VEGF (] mRNA ik
B Fi (P<<0.05); 5EMAMLEL, &4544K
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DAPI

FABP4 Merge

4 =ZR-BAERMNKRFIAEELR G FABP4 5
TIERIFM (X 400)
Fig. 4 Effect of S. stoloniferum-C. kwangsiensis
combination on fluorescent expression of FABP4 in ectopic
endometrial tissue of rats (x400)
ZR-BARRAN KR FRUAIREL S FABP4 T
RIEWFM (X £s, n=5)
Table 4 Effect of S. stoloniferum-C. kwangsiensis

%4

combination on fluorescent expression of FABP4 in ectopic

endometrial tissue of rats ( X s, n=5)

4531 FlE/(gkg™) FABP4 ‘¥ 3% 6o i
EEN — 8.0240.66
iRt — 29.14+2.98"
(Ui 20 9.79+2.15%
=k 20 14.50+2.89%2
FAR 20 16.73+3.14%

HRFPARMELE: "P<0.05; SHBALE: “P<0.05; SHCiH
te#: 4P<<0.05.
*P < 0.05 vs sham-operated group; *P < 0.05 vs model group; 4P <

0.05 vs combination group.

=5

BFA

=%

DAPI

PPARy Merge

5 SHE- AR AR SAIAEALRR PPARy 50K
FIKHIBI (X 400)

Fig. 5 Effect of S. stoloniferum-C. kwangsiensis
combination on fluorescent expression of PPARY in ectopic
endometrial tissue of rats (x400)

BT B M b FABP4. MMP-9. VEGF 1)
mRNA KEKHETH (P<0.05). FALAR
FABP4 mRNA FRiEW BALT =AML, HL
H MMP-9 mRNA REWRALCT =4l (P<
0.05). ZRI#E 6.
38 ZR-BZAREANFEARRAMABIMLS
FABP4. VEGF. MMP-9 B 3% K NF-xB p65
BE LAY RN

5BRFARAMIER 7T EHIAHE, BB KR
Ak FABP4. VEGF. MMP-9 [{)5 [ #£iA
FI NF-xB p65 KRR /KFHIHE EiF (P<
0.05); SRR, &4 24 H 7AW
FABP4. VEGF fil MMP-9 [ [ iA 23 i

ZR-BAREAIN KR FAAIREALR P PPARy SERIZHIFM (X £5, n=5)

Table 5 Effect of S. stoloniferum-C. kwangsiensis combination on fluorescent expression of PPARY in ectopic endometrial
tissue of rats ( X *s, n=5)

4 531 P/ (gkg™) PPARy Y% Y3 PPARy NMZ T35 5o 8
IEEEVN — 29.36+5.23 104.474+13.43
TR — 31.95+3.70 75.16+9.74"
Fic i 20 25.75+2.70 104.65+11.82"
=7 20 27.71+3.88 99.37+6.74*
FAR 20 30.20£2.70 9428 +7.26"

HBRTFARMELLLE: "P<0.05; SHMALE: *P<0.05,
“P < 0.05 vs sham-operated group; *P < 0.05 vs model group.
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R 6 =H-FEAREMNARRMAIELL D FABP4, MMP-9. VEGF i) mRNA FiEMEN (X s, n=3)
Table 6 Effect of S. stoloniferum-C. kwangsiensis combination on mRNA expression of FABP4, MMP-9 and VEGF in ectopic
endometrial tissue of rats ( X s, n=3)

mRNA LK F
bl /(g kg ) BT
FABP4 MMP-9 VEGF
BRFER — 1.08+0.08 1.00£0.08 1.2140.22
| — 2.34+0.32" 3.62+0.39" 3.89+0.43"
fic {1 20 1.374+0.21% 1.734+0.22% 2.0610.36"
=8 20 1.67+0.21% 2.5540.35% 2.8610.36"
FA 20 1.75+0.10% 1.84+0.36* 2.561+0.35%

S5\EFAR4E: "P<0.05; SEMALLE: *P<0.05; SHEAALE: 24P<0.05,

“P < 0.05 vs sham-operated group; *P < 0.05 vs model group; 2P < 0.05 vs combination group.

(P<<0.05), —ARZHAPEAHZ) NF-«xB p65 BEERIL
T 2 2 TR (P<<0.05) . B4 MMP-9 )5
HRIEH AL TIRARAE (P<0.05). S5 WK 6 1
* 7,

NF-kB p-p65 -

| 65%10

NF-KB PES | M S s S e | 6.5 104

MMP-9| o w— W a0

VEGF Ja— . — — 45X 104

1.5X10*

GAPDH | W S —— .l 3.6X10¢
BFEA B mE =k EA
6 =R-BAEMANKRAIARELR SR FABP4,
MMP-9. VEGF ZB#*iAF1 NF-xB p65 BB L HIFZA0
Fig. 6 Effect of S. stoloniferum-C. kwangsiensis
combination on expression of FABP4, MMP-9, VEGF
proteins and phosphorylation of NF-kB p65 in ectopic

FABP4 T W — — —

endometrial tissue of rats

4 e

EMS A MEB R MO 2 iy, A
Uk, WEARYARYT EEAE 2 Fpoy R sOmRE O AR
Z9WNIRTT, R ENEI I BRHE R A H &R R 5
WgEN: BORFARGIT BB AR . LA
7T FBRARIT RO, (HMEIRT St E
Be 1, FARBITERAR R M. Hi, FHkws
AR ARSI T IR BRI N,

PRGN AR Z M0 LA S, BAR
RIS, IREZ R 2 RE. R R EA
EMS #i%, (FEET) Fid# “mim g e,
MEE N 27, HAEE I A @A RSER S EMS
FEXFIRE, OB ILVAy I BVERE . SRR i g
SIS, B2 TS MALREIRIT EMS. —E3RA
A E (ERRETY PR, =R
ik, FARITS IR, WE SO AN R T
FR MR A AT, TRATRGEMT I 2 05 IARHI FL 3R
P AL R A TR . RORE RO, o
EMS KARIFRENS, FAh, =8 AN TACH 5
SIS E B AL R B A B M E AR . AR

®7T ZHR-BARRMANARFAAELL + FABP4, MMP-9, VEGF HHFRIAF NF-kB p65 BELAIRN (X £5, n=3)
Table 7 Effect of S. stoloniferum-C. kwangsiensis combination on expression of FABP4, MMP-9, VEGF proteins and

phosphorylation of NF-kB p65 in ectopic endometrial tissue of rats ( X s, n=3)

151 Fl &/ (gkg™) FABP4/GAPDH p-p65/p65 MMP-9/GAPDH VEGF/GAPDH
TR — 0.5440.07 0.627+0.091 0.32+0.06 0.221+0.014
(e — 0.82+0.05" 1.106+0.233* 0.66+0.07" 0.823+0.063"
I 20 0.60+0.09* 0.664+0.156" 0.21+0.08" 0.529+0.091%
=¥ 20 0.63+0.06" 0.766+0.255* 0.25+0.05% 0.704+0.075*
FAR 20 0.67+0.09* 0.802+0.011 0.34+0.03% 0.684+0.050"

HH\EFARMALLE: "P<0.05; SEAMALE: “P<0.05; SEMALK: 2P<0.05.

“P < 0.05 vs sham-operated group; P < 0.05 vs model group; 2P < 0.05 vs combination group.
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WAESE, —ARFARBCARELE /D AL AARFR, JE
SRS P B JRE SN . 3 I U R B = Akl
55 W) UK 235 P G ek 1 UL o Tt R s 3 5 i i [
PG P ey S AW N i S e N ]
TR HE U ] A 28R 755 R PRE K B A4 P9 = H K
S, PR IR S BERR 2R U8, {H =R ORI
FE TS IELL AT AR5 FABP4 B B3 A7 EMS H
R A DA 52 408

FABP4 J2 & 1 if iz 8 i A KR s o,
FRA BRI A0 B i B B 45 & R 11 (A-FABP) sl iy
MR 2 (aP2), R4S, BA PR
R AR 5 R HCHUAE A, I Retg il i (2t A
R 2RI 8 R 43- 1 5 2 98 i Jse 2119201, b5 E
T E WML, EMS Jittd FABP4 JER 1R R
& LS, KR FTH] % EMS KRR, KIS 0r
Wikt ¥ FABP4 21K, w0 LA [A) o3 40 M A1 b iz
LA RIE, FEAE TP 53CkikiE
— B, AR IR 5 WKL 214 FABP4 (1)
mRNA FIE [ RA KW 55T 5 7 WAL,
2 = 1-3FARVEIT G, FABPA A T, HMZhE
R EIVE AR T A A

FABP4 fit 55 PPARy fE4HMI N X RS 5@,
Z 5 iR A A NIRRT . PPARy J& T E %
& PPARs Ik, TERENRARIT. JR 5 AT A SO0E
N rp A R 1 A 22, WF ST £, FABP4 RERS L
5 PPARy 454, JH{Eit PPAR-y FEfif. 2 mbRa
firb () FABP4, fit il PPARy (AR, AT
FE R LR HIR FABP4 F1 PPARy Z [
FEAER, M EiH PPARy, SZHRGTE AL N ORI g
AR )RR R 424 AHRE FE0T A IS ZH 237 PPARY 1
FIEAT RIETOCAGI, o AR A A7 7E T[] s Al
R anf A, HAn e Rgn i iz N 3 R . (HA
WFFE RS I 2 78 1R W 15 A AL 5 5 B 2
PPARy RikMIZE S, HRAMA -+ PPARy %k
PR . L= IART S, g fu ik
PPARy AR Fifl, X[ RE 5254 N | FABP4
MII5, M55 T M+ FABP4 Xf PPARy BRHI1E,
i PPARy B AL GG K.

USRI R B, PPARy 5 NF-«B X [AJfF17E
“HHL”. PPARy WU 5, A5 NF-xB ) p65 W5:4
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PPARy RGN, fE#E TL-1p. TNF-a 25 & AEK 71

PRI, IR SERE RS A AR RS) . T RE TS HE 1) 98 TR
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RERS PR AP Ao, R ZUE Y, I AR R
I ) o3 4 = 2 rh B SCB M EYE R . VEGF B8l
WO A A Al SRS TR SRR, RiERZE.
AIFRFFRAAESE, 5 EMS KBRS i b 408 7
AP SO N I ZHZ PPARY A% 3% A7 BT B
[1)7& NF-xB WG VEI3 58, IFFERE MMP-9 1 VEGF
MRIE B Z&=BEARITIE, vEFA AR
) NF-xB i K, MMP9 fil VEGF [H3Rik
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IR P R, R 24 R B L A ) 5
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