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# E BH AT Notchl 1558 BAR T &35 F 3t F & M B4 2 (EMS) AR X R0 % v BopLhl
890 SD K R AE L ARHL B KT 5 B, M EMS B R, SRS LR AL A AL A 20 | £ 35 AR P L3 A 2 41(60.120,240 mg/kg)
F= Notch1 474 7] DAPT 28.(7 mg/kg) , 7 AR F K4, 4010 R, S K RHE B RAHRIEH 4,425 4 B JG , o Hdid 4
F A fe P BRI B F 8 AR AL kS SR AR LR R 2R SR BRI A s A K RMLAE iR P & e A& IB(IL-1B) \IL-6 Fo
MG 3078 B F a(TNF-o) 8%, A F & WS4 0% ko Notchl k25 & & 8 9 (MMP-9) = fn % 1 & 4 % B F (VEGF)mRNA
Fok G kKT, R HRAME, 2R T F S AT DAPT A KR F T N2 6 4R B 58 (P<0.05),
ARAR bR 4 K K, R K ISR P IL-1B \IL-6 F= TNF-a( £ 3 £ KA F LR 91 ) K -F AR F & 1 BEF- 45 9% & P Notchl
MMP-9 #= VEGF mRNA ( % 3 £ &7 %21 MMP-9 . VEGF 4 41) B & & (£ 3 £ 4% 5] 3 20 MMP-9 14 41 ) £k K- 35 2 5 Bk (P<
0.05), AP EHZZH N F AR DAPTAXF AR TEHZ TR P A F4H, Fid £ X EEMS BAREER, LAEAIH T
A5 47 ) Notch1 42 5 1854 42 B3k K RO 3P ) SH45 P BE 6943 22 A b 8 & IRHT %o

KR FF WS ; 595 % ;Notchl 43 5 i@ %

Tk EHERASMAT -5

Impact and mechanism of curcumin on endometriosis model rats

QIN Cuimei', LIU Xinyi', DING Xiaolan', GUO Huiling’, CHEN Pinying’, LIU Jiao’, CHENG Jie’ (1. Dept. of
Gynecology, Binzhou Hospital of Traditional Chinese Medicine, Shandong Binzhou 256601, China;Z2. Dept. of
Pharmacy, Hebei Provincial Hospital of Traditional Chinese Medicine, Shijiazhuang 050011, China;3. Dept. of
Chinese Medicine Pharmacology, Hebei University of Chinese Medicine, Shijiazhuang 050200, China)

ABSTRACT OBJECTIVE To explore the impact and mechanism of curcumin on endometriosis (EMS) model rats based on
Notchl signaling pathway. METHODS Female SD rats with synchronized estrous cycles were implanted with autologous
endometrium on the abdominal wall to construct EMS model. EMS rats were randomly divided into model group, low-, medium-
and high-dose groups of curcumin (60, 120, 240 mg/kg), and Notch 1 inhibitor DAPT group (7 mg/kg). The sham surgery group
was also established, with 10 rats in each group. Rats in each group received intragastric administration or injection via caudal veins
with the corresponding drugs for 4 weeks. Endometriotic lesions were observed and measured using ultrasound and visual
inspection, and their volumes were calculated. Histopathological morphology of the lesion tissues was observed. The levels of
interleukin-18 (IL-1B) , (TNF-«) in the abdominal cavity fluid, as well as the mRNA and

protein expression levels of Notchl, matrix metalloproteinase-9 (MMP-9) ,

IL-6, and tumor necrosis factor- o
and vascular endothelial growth factor (VEGF) in the
endometriotic lesions were measured. RESULTS Compared with the model group, the volume of endometriotic lesions in the
low- , medium- and high-dose groups of curcumin and the DAPT group was significantly decreased (P<<0.05) ;
IL-6, and TNF-a (except for the low-dose

curcumin group) in the abdominal cavity fluid, as well as the mRNA (except for MMP-9 and VEGF in the low-dose curcumin

atrophy or

disappearance of columnar epithelium, cyst disappearance; the levels of IL-1f3,

group) and protein (except for MMP-9 in the low-dose curcumin group) expression levels of Notchl, MMP-9, and VEGF in the
endometriotic lesions were significantly decreased (P<<0.05). The curcumin high-dose group and DAPT group showed superior

results in most indicators compared to the curcumin low- and medium-dose groups. CONCLUSIONS Curcumin has an improving

effect on EMS, and its mechanism may be related to inhibiting
Notchl
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responses, and inhibiting ectopic endometrial invasion and
angiogenesis.

KEYWORDS endometriosis; curcumin; Notchl signaling
pathway
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F B NS A AE (endometriosis, EMS) /& & i 1 &
PR WLBEIR , 7o 550 N 1 R %2 10%~15%",
IR TS N A 2 5 U2 LA R I 2 i 6r
AR, RO A IR T MRS R 28 PR A A
AR . BRI & B, Noteh 1 15 518 % BE S 37 3
WA 2 A2 A T P A I TS ) 4 B P 3 B R T
I8 A5 Sl PR 0 S B IR B e A U SR AR
YIY, EMS & 5 ESER B VIR O BB , Ho s B A
55 e AEARL, o gk UF 52 37 2] Noteh {5 538 % i 8 2 1]
Notchl Y 5 & W6 AT BB AR F 1 5 0 N B Y 3 7% )
27",

L F e LRI Y 28 R T IR AR
G AR — R RARZ BRI G Y , BA W& 1ht
Jgeg AP TR HLTR AT e S5 30 Noteh1 & FHE VA
KM, BRI R, 2B R BRI A RN S AL E N
I [va) 2 248 PR 15 5 B8 FAR 22, (AL o A W 6
AT $OH 1 37 EMS KRB TR, 4898 2% 3 2 X EMS
BT TR L B X Noteh {5 5-38 IR DG B (1 3R A A 5%
me , LAY 7R 22 88 RGBT EMS BUBLTIER 2%

1 w8
L1 FEUHE

AHIEGE T ZAL A LTS - Mylab Five £L/NSh 8
P (FE KA Esaote 23 7] ) , VME2 U/ 4 FH A JRR
P L (3 [ Matrx 23 7)), 1658001 /)N B HL Tk M | Gel-
Doc 2000 %4 % i A2 A ( 35 [E] Bio-Rad 23 F] ) , StepOne-
Plus Real-Time % 5 & fij4% = )z 17 (PCR) ( 3% [ Thermo
Fisher Scientific 2\ & ) , DM500 % i} f# %% ( £ [# Leica

&ﬂ)o
1.2 FEHRBS5IKF
FW R FUR 2 (LS 400222, 46 =98%) 1 A I

T BT T AR AR I A BR A W) M T mE R (i
340436, FiL#% 2 mg/F ) W A LA B Solvay S.A. A ]
Notchl #l 77 (3, 5- —JAR L B4k ) -L-TH A Bk -L-2- 7%
B H # W UT B (DAPT) (4t 5 HY-12860, 4 & =
99.8%) 1 [ 5E1E MCE 22 il ; S I Noteh | <5 J& £ it 2 H
Jif} 9 (matrix metalloproteinase-9, MMP-9) | IlIL45 N 2 4= 1K
“F (vascular endothelial growth factor, VEGF) . H i
i - 3-M iR i S ( glyceraldehyde-3-phosphate dehydroge-
nase, GAPDH ) 5. 5 BE ST {4 (4L 573 1] GR317746-27
ab760003 ,ab32152 ,ab9485) ¥l [ 3% [5 Abcam 23w ; it
Y IgG i (41t5 20000798) I [ 3 [ Proteintech 23 7] ;
F40 i/ % 1B (interleukin-1B8, IL-1B) \IL-6 . JRi R 4L K
“F o (tumor necrosis factor-o, TNF-ov ) e 605 W [ 2
(enzyme-linked immunosorbent assay, ELISA )i & (4t

TEZED; 2024475 35 45 22 1

5435124 CO9PDB , C12PDB ,CO6PZB) 21t [ At 5t b Jr
A=W H AR FE A 5 S RUE (L5 217181101) 14 H IR i
IR R AT BRA 7] 5 BB IR (RNA) BRI F0
SYBR Green qPCR il i i 51 &5 (#t5 53012 AG21102 .,
AGI11701) ¥ 17 1 Fg SRR A= ) TR B W) 5 S
s & (5 130516) 1 A 2294 (IR ) AR D RHE A TR
VNI
1.3 zh¥

it RV U SD K B, M, SPF 4, 1A 180~
220 g, W FRAC R AEIR A= W B A FRA A s A 7= 1
A[HF5 4 SCXK (FE)2020-002, K FURFE Tt ey
R 2 2L %, SR s IR vTHIE S SYXK
(31)2022-010, K EUIRFRIAEE A HE R HIE, 12 /12 h &
PEASHE 5 BRI K TR A v K BRURDRE R 25 B 7K, R
B MYOK . A58 sh P S g 2 A0 4 b BE B BE 2748
PHZ Oy o5 WAZ A E , (R B A HE1fE5 S HBZY2023-YS-
223-01,
2 FHik
2.1 RS

HL60 HH A ) SD P R B, 422 0.1 mg/kg HE B M
T (T IS DL 1% P8 98 P LT Ak AN VA TR A, T AR
0.01 mg/mLIEW , ), 452580 10 mL/kg, & H 1
WSS d R R G A IE T —8 RIHAKRFE
N IEAL ARV 1l 28 EMS BAY 5 KR I 24 h 25 £, LI/Ng))
W4z FHR A RRIEHLRRIE , 5 K J5 I B 222
ARLHATEEHL, BB R]ER 73 2H 21 4 BT BT 5 H 290
W HFF B85 R 5 mm X5 mm LA JHTFARLET T
JERE I, B )2 EE G IER . 53 HC10 HPE i iy SD e
KEATERFAR AL LA I T & 8L, A4 T 50
T o AJE A TRBHERGY B K B H S T S B R DR
B 0.4 T AL, 5 258 10 mL/kg, %223 do A
HFEHLMRE A, KBRS 2 RIFUAHE H M B
0.1 mg/kg, BEf 3 d 252 1 IR, HE2L 5 I T AR EMEH
ERTRL B K. ARUGHE B ME RS 056 3 K, RRIER
B, B SO £5 20 K BRUE BE R 5 AT UL EMS ikt ——2
PR AR B AR X, LL/NSh R o A
AT E NSO AAT KT =50 mm'# 4 EMS
TR R, o] T 2505
22 HHE5HYH

P TEABE ) B R BB AIL 43 AR U | 22 B R AR
ZH (60 mg/kg) .22 B0 R PRI EE2H (120 mg/kg) (ZEBTR 5
FIHE2H (240 mg/kg) UL M DAPT 20 (7 mg/kg) , F:4H 10 H ;
TIH10 R FARKENE BT ARA . ZERML 245
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S H RSO VA0 R 0.5% 2 F 27 2 224
B HEERANRIETSA25,BH 1K, 5254
Ji 45 25 R 10 mL/kg, DAPT 4 K R i bk 13 5
DAPT 7 mg/kg (DAPT 5 10% A — W 3 W AR5 i, 15
FAAEBEKHI B B ), a0 T ds s 3.7,
10,14.17.21,24 28 REHZ"™ 7, RF- AR MEIRIL R
SRR HE B 253 1K, A 25 F R 10 mL/kg

2.3 FEMNERAFTRE

KRG i), L/Nsh & AR EPLE K BURR
P, FH 75 4SO Z2 45 20 K R B BB S &, IR
B S kAR . R 5B K BRI IR, IR LS
I T BE 11875 NS kb A 3 3 R R
A A TE O, B R RGN 5 IR S K AR 5
1, 40 B 50 T8 AR - A kAR
(mm") =0.52XAXB (4 KA, B NTEtE) . BYHSERE
S, & o
24 FEHNERMFEAALRERSENE

K ES HOR R85 BB A0kt , A i, 1)
F, AR AKS - 41 (hematoxylin-eosin, HE ) 44, , F 2 £
BEME R B 2R Ak
2.5 PEREH IL-1B . IL-6 1 TNF-o 7K F4& 1]

A5 20 K RO I R 8, 500 , B LY A, 44 B ELISA
R S U B AR, 43 SRS I e P TL-18 . IL-6 Al TNF-a
17K
2.6 FE MR ARk # Notchl , MMP-9 #1 VEGF
mRNA FiEH#

K23 HOR BRAER 7F E NI i kE 4 2, 42
B alifl 5 RNA I S5 55 il cDNA - TR AR &
Jin A cDNA 8 uL, SYBR Green PCR Master Mix 20 uL,
1E IR 5 19145 0.8 wL, i TG BR B K N 2 40 pL,
P RS VEATY 48 96 °CTIAE % 5 min; 93 °CAE 1 30
s,58 °Ci 'k 30 s, 2 35 MIFIF ; 2FFIEALE 57 74 °C
SEAd 5 min, L GAPDH N N %, X 27 %kit &
Notchl .\MMP-9 #l VEGF mRNA %&ik/KF-. 14T
AW TR (i) e A RS w5 18, TR 9 A 3 7=
FEWER 1,

x1 SYFEFINTEEHKE

R IHIRFIs'-3') AT
Notchl IE[1: TGCCGAGTGTGAGTGGGATGG 123
2 1: AAGTGGAAGGAGTTGTTGCGTAGC
MMP-9 1F11): AAAGGTCGCTCGGATGGTAT 136
J21i]: TCGACTCCAGTAGACAATCCTT
VEGF IEJi}:CACGACAGAAGGGGAGCAGAAAG 150
F11}: GGCACACAGGACGGCTTGAAG
GAPDH IF11: AGTGCCAGCCTCGTCTCATA i

J2Ji]: GGTAACCAGGCGTCCGATAC
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2.7 FERNERAFLLF Notechl MMP-9 1 VEGF &
A REH N

A3 R BRI T 5 NI Ao kE 41 41, &
24 SRR SRR R PSR, 2 5 min i AR
M, IR ES IS, 5% A8 I35 18 1S A
2 h, 4% %1 7M A Notchl . MMP-9 . VEGF Hl GAPDH #i &
(B BE LB R 1:1.000) , 4 °CHEE L1 5 FEIAAH N —
LR LA 1:10 000) , EIEMFE 1 he RALFER
TEIEATREI , I ] Tmage T8 A% B 19 2R (2507 254743
Br, LLE R E A5 W28 (GAPDH) B K EE A LA AR
% HE AR IEKF.
2.8 FitFEFHIE

fdi FH SPSS 26.0 BTG o0 HT . Bl LA x £5 3
N R IE A T 2554, R SRR 3 05 2240 M ik
T4l e, R FH LSD-e A 3 A 7 Z2 40 [ PR R L s A
T IE A3 A0, 2R FH 20 ST REAS (1 HE S 808k G
5%, K6 KifEa=0.05,
3 #£R
3.1 EHEZRXWNFERERARIIMRFEIR N

SR, R A4S 2K BT NS kR 1
TRFUAHIE , 22 5 R Ge i 248 L (P>0.05) , 509 kb Jl [l
PIn WAE MR G2)a , SRR i, B ORI B
RONAS () 22 8 22K b R R 4L DAPT DK B F e
DA RES S A5 ko 1) PR R ) B 2 08/ (P<<0.05) , Skt
JE R A ML AR ST B bl . 5 2 o AR e L,
R S FIE A DAPT 40K BT 5 ISR kR A
TS 525N (P<<0.05) . 255 LI 1 Fge 2,
32 EHEZEWNFEHNRRFHALFERSHIMN

BT ALK BB PN B4 2] UL 57 HE S AR
B AR, A TR A R AR A A . AR R R
BBk SRR, HR R A S R R
BT NS I 2 AR ARL, 3 D9 AT DLV SR . S A
2 LA, ZE B R AN K R L 40T DL ZE 46 1
FEAR bR B NI R s 28R b S R 4L H DAPT
AR BT E NSV ERR bR A |, 28 N AT 2545 4140
k. 4R ILE 2,
33 ZEHERXMEEREH IL-1B.IL-6 F1 TNF-a 7K FHy
=210

SERF AL g R 2K BRI W TL-18 . IL-6
A TNF-a K2 835 TH i (P<0.05) . SR RUA oA,
LB RAL b ) 4 R DAPT 4 K U I b TL-
1B IL-6 1 TNF-ou (22 8 Z AR S BR A1 ) 7K T35 il e
flR(P<<0.05), S RMA A iR, ZEEP mHF
i 41 1 DAPT 21 K BRUIE 16 W IL-6 7K1 2 1 2 AR
(P<<0.05), Z5HNLFE3,
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N B2 Z T AL
ST Sl

B1 |EAKXRALHREGE
K2 BAARFENERMBEERLE (xts,n=

10, mm?)

BEEIR L
a5 e e BRI
g 555447 78+166 68.9+ 164
FEFZIHRA 556443 4994142 HHE100°
FEZIHRA 536440 357498 WI+124
FEZANRA 538438 BIEILI® 2044129
DAPT4 53634 2634112 014136

a: SRR AR, P<<0.05;b: 53 Z LM 4 iR, P<<0.05,

F. DAPT 4

E. %*?ﬁ.ﬁ‘ﬁ‘
— REAR BB O IRBUR s 1S5RS
B2 FHARFENRRMFEHALRERSEME
(HE %)

TEZED; 2024475 35 45 22 1

E. DAPT4

= FENRRARLR BERE

K3 BAXRER®RPIL-1B .1L-6 F1 TNF-a 7k F b
B(x+s,n=10,ng/L)

4151 IL-1 IL6 TNF-a

EFAL 10492169 9234113 1.03£0.14
fiA 1372£16.1° 1125482 1384023
FHRENN =4 1273£176° 1044494 1294027
FHREPHE4 1264163 100.8+82* 1244017
FRERAEA 119.1 £ 144" 933181 LI7£0.18"
DAPT#! 116.1£159" 90.5£113" 114015

a: 5T ARALK, P<0.05;b: &
R iR, P<0.05,

34 EBEZEXFEMERAFLH Notchl . MMP-9 1
VEGF mRNA KX

SRR AR A BRI K R S kb
Notchl . MMP-9 Fll VEGF mRNA & ik 7K ¥ 34 i 2 7+ 55
(P<<0.05), SRRV L, 2R s gl
DAPT 4 K B+ 5 PR 557 93 kb Notchl \MMP-9 (%
B R AR AL BR AN ) I VEGF (223 Z K7 & 41 BR4h)
mRNA K 7K -2 2 REAR (P<0.05) . 5228 Z ALK
WA A, ZE R A4 M DAPT A KR+ H W
Ji6% S5 437 95 4t 7 Notchl . MMP-9 #1 VEGF mRNA %35 7K
I AR (P<<0.05) . HSEEEPREAILE, %
T2 i 77 B 4L R DAPT 41 K B8 PN I8 5 A 9 &b op
MMP-9 mRNA 235 /K71 1 2 B AR (P<<0.05) . 4%
W4,

T4 FHKXKRTERNERFARFH Notchl . VEGF F0
MMP-9 mRNA RiEK LB (x+5,n=3)

SRR AL, P<0.05;c: 20T

415 Notehl MMP-9 VEGF

[BFA4 099+0.08 098+0.07 1052011

R 3071041 3824052 288+029"
FHREN =4 2804012 3631011 2484038
EREPHEA 2254029 2934018 1.92+035"
EREENRA 1.96+022" 2174030+ 1.28+0.14%
DAPT4! 174£0.15 168028 137£0.19%

a: SIEFARL R, P<0.05;b: SHIL L, P<0.05;¢: 57
HAGA A L, P<0.05;d: 528 FE il g [hig, P<0.05,
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35 EHEZEXFENERAMAMBLA Notchl , MMP-9 F1
VEGF & HRILHZ M

S BFARLL A, BRI BT B P S 67k
Notchl .MMP-9 fil VEGF #& [ #iA K V-3 .2 T (P<
0.05), SRRV L, Za R AR SR S 41 A DAPT
KB 5 BB SO0 kL Notchl \MMP-9 (2 #5 Z{I%
4 21 bR 21 ) AT VEGF 85 1 28 35 7K 73 35 F Ik (P<
0.05), HZEEEMANFL LI, ZE X @A ZLLM
DAPT 4 K B 7 NI ik b Noteh1 FTMMP-9 (22
BEF N R AL BR AR ) 1 3R GA K 3 8 3 R (P<
0.05), HZEEE PR EAHLE, ZEEm A EL4 M
DAPT 2 K B+ £ AR 5 2% &t Notehl 25 FH 3Rk 7K
-2 I F AR (P<0.05) . L5 LK 3 FIZ 5,

NOthl s i — — — e 120 kDa

MMP-9 s - T O W e 92 kDa

VEGF ~. P e e e kD

GAPDH «HiS e P SHS S, s D)
1 1 1 v v VI
T ABFARAL; AR 5 T 220 AR 2 5 IV - 22 8 3 Pl
4V ZEWFE AL ; VI:DAPT4.
B3 HHEKRFEMNRRAFLEH Notchl MMP-9 F
VEGF ZBFRIZHIBIXE

xR56 BAAXRFEHNERAH L Notchl MMP-9 F1
VEGF EBRIZKELLE (x+5,n=3)

i) Notchl/GAPDH MMP-9/GAPDH VEGF/GAPDH
BFA4 0621007 0414013 036+0.12
filg] 083£0.18" 0.70£023 065£0.19°
ZREIH A 061£0.12° 0524021 0384005
FRETHEA 061£0.12" 0361004 025+0.14°
FRERN A 0414006 031£0.19 03£0.16°
DAPT4! 0384008 022£0.06* 028£0.17

a: ST AR LA, P<0.05;b: SEIILL LA, P<0.05;c: 5B
FACREAL L, P<0.05;d: HZ AR PR L, P<0.05,

4 itig

EMS & —28% W T F oty B , 7™ B 5w
PR SRR, HETIERIGYT EMS 2R TSR 2
IR SR 225, R RIE IR, - AR M 2%
T 2GiRYT EMS IR 2 R R O N B im 22 20z
Kl o AR [T B 5T & B, rh 245 3R AT A 85000
EMS A8 K BRI S kAR, (E il M e s3T5 AN B
W, BHEEERPETENRRZBHAEAY . EF
R I, 20 %) P S L N R S AR A
BEARITERY Y, [ EMS B8 GEE IR 22 58
JiE T AL, PR IE , AT ST DA FEAR P 0 A 350 0 2
RNWFEXS G, WX £ R X KB EMS 52, 45
I, EMS K BUHZ B ZIAIT A AR , 1l 3UR P
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R X658 i I B oA PR S o i e P A RSO AR 2 il )
T B T e B, 22 B EIRY T AL T B N B S A Y
PEULTH R AR b B ZE 4 s TH R W45 4 2L A Kl
AR . A E ARG IS LR , 22 28 300 EMS
BHATUEEE

ASBIESE K B, AU 2 R BT N S 8L kv
Notchl mRNA HIH 4 4 1k K-8 8 25 7 TP AR .
Notchl AMFLShWIARN — M BT BO5 S il , 25
AR AT TR RS Notehl BYEELA S
Bl MR SN T A METER 524K (estrogen recep-
tor, ER) Y255 175, BA MR KW , MEHCGR e g
id ERa 3 Notch 1 {5l . EMS J&— R R A5
PEG , EAIESE , EMS J8 25 A S5 (i A R S5 57 PR I ]
JRT 20 TSR 21 ER #3514 _E A Noteh1 K1 T+
e TR BOAE AT B2 R I AAE SOV, RAE
TP 58 32 Al Aol e o7 B PN I 20 2 ) AL, Ol i
MMP-9 # i Notchl, [ i i o TL-6 3 38 E 3K H 5
Notchl J& 3 F 945 4, # — 2 E 3 Notchl [y 15",
Notchl BT Bk E S5 F 00 55 W IR U258 I
A A AR R, 8 1T LY Tagged ] £ FUAH B AR, (8] 4%
ST E BRI B R A R A AR A R R
W, SRR P AL, 2 B 5 R Noteh 1 O] DAPT 24
il . PR UYL b TL- 18 TL-6 I TNF-a 7K -, L
Je B N IS5 995 K Hh Notehl \MMP-9 (5 A kLT
B (2228 DI OC) A VEGF (5 148 9 AR 2 UIAR 5C) 1y
mRNA FIEE [ R IK K, 75 WIS k25 40
FRUS/N , Ul T BELDBT Notch 1 I 25 26 28 X mT LA il 502
TENBEHALVER,

L5 bRk, 22 B R GBS A [ EMS BB R B 15 N
S k2= 4 , AT FIBLA] AT E-5 #1 Noteh 1 5 1
% DB R B SR S IV AT A A PR ) 4R 2 LA AR
AT o T2 8 3R YA R A 1 Noteh 1 %52
M) S5 A I ] J 40 180 % A IS B FTE A ad e, A PR
i SR 3 20 S AR RIS
S 3k
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