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WE: BN HTRmaEN S5 A WS T 5 NI ALAE (EMs) 458 K0 Y
RN ik ¥ 50 HOREEHL BT AR B2 (44 1 EMs 5
) ARSI 2 (RS 457 10.0 mg - kg™ IO FBARLLER) (ARSI 4 (i
BG4 20.0 mg « kg™ YFAGLLE) HVEX R (RS 45T 1. 05 mg - kg™
FKAR R ER) A2 10 1, 45 245 45 SRR R R BRUS0 F B P9 IS AR B 3R 79
RO ZH 00 B 4k, Al e s  Ba Sk mlmE N EAERKREF A
(VEGFA) ([ 4iMiA 2 (IL) -8 A2 R IEE [ F 4 (NCOA4) SRR 1
B24% 3B(LC3B) MFHXT RIE KT R BT ARL AR AL LA &
IR S 50 41 BH PR X AR R RS A R P A R B4 R (0 £ 0)
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Abstract; Objective

lycopene mediating iron autophagy in improving the inflammatory

To investigate the potential mechanism of
response in endometriosis (EMs). Methods Fifty rats were randomly
divided into sham group, model group ( EMs model was constructed) ,
experiment — L group (10.0 mg - kg™' lycopene after modeled ),
experiment — H group (20.0 mg - kg ™' lycopene after modeled) and
positive group (1.05 mg + kg ™' mifepristone after modeled ) , with 10 rats
in each group. At the end of drug treatment, the volume of ectopic
endometrial tissue were detected, and detected free iron content with a
corresponding detection kit. The expressions of vascular endothelial

growth factor A ( VEGFA ), interleukin ( IL)

— 8, nuclear receptor
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coactivator 4 ( NCOA4 ) and microtubule - associated protein 1 light chain 3B ( LC3B) were detected by
immunofluorescence, or Western blot. Results The volumes of ectopic endometrial lesion tissues in the sham group,
the model group, the experiment — L. group, the experiment — H group and the positive group of rats were
(0.00£0.00), (130.92 +12.45), (97.55 £10.56), (71.96 +6.46) , and (54.22 +2.72) mm’, respectively;
the levels of free iron were (262.89 +23.51), (636.97 £58.75), (523.63 +£46.13), (383.30 +38.92) and
(603.15 £69.98) pmol - kg™, respectively; the immunofluorescence intensities of VEGFA were (1 034.45 +102.39),
(3628.16 £104.65), (3 100.73 £231.67), (2 193.07 £293.16) and (3 418. 68 £377.98) a. u. , respectively;
the relative expression levels of IL — 8 protein were 0.22 +0.05, 0.79 +£0.10, 0.62 +£0.10, 0.49 +0.06 and
0.71 £0.07, respectively; the relative expression levels of NCOA4 protein were 0.33 = 0.04, 1.12 + 0. 13,
0.85+0.10, 0.61 +£0.09 and 1.05 £0. 08, respectively; the relative expression levels of LC3 I/ I protein were
0.36 £0.04, 1.02 £0.12, 0. 78 £0. 08, 0.51 £0. 05 and 0.94 +0. 07, respectively. Compared the sham operation
group with the model group, compared experiment — L. and experiment — H groups with the model group, the differences
of above indicators were all statistically significant (all P < 0.05). Conclusion Lycopene significantly inhibits

inflammation and angiogenesis in EMs rats, thereby reducing the volume of ectopic lesions, which may be related to the

inhibition of iron autophagy signaling.
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TB N IESSAAE ( endometriosis , EMs ) & — g 4
PR M SAE PR , HARRE & B I AMAE T8
PIELE 2L, 8 UL T A (EAL AT L TR A
25 YEGEit, EMs SEMH 2R 5% ~10% i E ik ia &t
WERIRIT MFARIGYT 2 H AT WA EMs 3597 5 ik,
SR, PR AL AW O RE B s 40 il B9 52 P PR S R 19 4y
Wh, HLA ) FH 380 = ] RE = BO0P B4 A D e sz di
TARHEGR , T8 S MR 22 45 5 iegh, — 30k
W5 AEMBETI PSR FER S Y BG T, T
RIGIT IR S R Rk 40% ~50% o ik, 53k
JPRE B R H BIER/NRIT 2 e B
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UF-AE SRl EMs 598 46 /N b T LU AR 8297 A
HREIERY T, B R R B P E LR
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PRTEMLL R ALIGIT EMs W B3R 7, 9k H A
KFZITH VRGBS T oy =, 5T 10, AR5
STERIT AL Z k3% EMs RO ZE/EFILE, DL K
Il PR F-HR369T EMs B7 g PR AL %

M 57T

1 #H
U SPF ZLAIMERE SD AR - 8 Y, A
Hy 200 ~220 g, Wy AL B R, B2k = VT iE

5 :SCXK(3Z) 2020 - 001, gl ¥ fii H13F 7T 3k 5 : SYXK
(3£)2025 ~005, KREIGEFAESNY B (MR :55% ~
60% i HE:22 ~24 C)rh, HlIPOK . A5
TR L J5 27 Bt 52 30 3l 0 8 A A8 38 2 01 25 g it
HE(JE RS . HBNU20241112135 )

HRERA BRI B 20 mg, it 5.
20241208, 4[5 :90% , b i I - A Wy BB A BRZY R 2R
77 KRR FIR e, KRS - 5 R 10 mg, 415 : 240610 , L #E
35 [ 21 H20010633 , b 5t 4 5577 24 M0 A7 FR
A FA P TS A TR, A 53 0.6 g(100 T3
FAAL) A5 240811 b ifE S0« [ 24 i H42020870,
WAL LMV A R A AR 7 5 A% B - e A )
VG A s A B ARAT R W) A2 775 DR ARG
— 4T (hematoxylin — eosin, HE ) YLt ik, [ iEF i &
A PR W) A 75 4% 2 A 3L 0% B 5 4 (nuclear
receptor coactivator 4, NCOA4) &M E R 1 45t
3B ( microtubule associated protein llight chain 3B,
LC3B) FF& % 1(Benzyl chloride 1,Beclin - 1) | Il 4%
W Rz A K AT A (vascular endothelial growth factor A,
VEGFA) | 4k 45 H 5 4% (ferritin heavy chain, FTHI ) A&
Z, ok 2 B Abcam 23 H) AR T B 40 R
(interleukin, IL) — 8 —$T, | A IR £ i 4E 37 £ ¥y
BHEARA VA7 & 51 e 51, B s 1 25
AW v B ARt 30 SRR &, AU AR R AR I HOR A
FE/L\\EIEEF, ﬂ?@%ﬁlﬁ% - oc(tumor necrosis factor — o,
TNF - o) 1L — 6 5% G 32 W B 0 %2 ( enzyme — linked
immunosorbent assay, ELISA ) 3] &, ¥ i b X K3 %
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L E NG
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SRIG B SR T ORI, T A R AR S5 R s 13 40 5 7
FI(8 x10" U - d™") FELETEN 3 d W IERYS ; 76 v
UG 1 RIS 5 L B A IR U K B R A=
MAETE R, A YL B 7 B B0 B B 8 b, 9 DL
SEWAR , 68,y i 21 €8 Bl I 218, B Ay 3 A i ) ( i
JEHITEES ) o
2.2 FHYsrESE

K FBENLEC T 228 R BB HL AT 5 21, A 45 S R
TR BRI AL =70 SR 2 | PR IR, A2
10 HOR R, B B T AR AT - K #RAE, H
REAFEIR 2. 1 Ty, MR 58 UG IR 7 S 0
2353145 T 10..0.20. 0 myg - kg ™" ¥ 7 A 21 W 1 (G
RIS E ) , FHPEAT BEZH 45T 1. 05 mg - kg™
f Al ] R T AR K SR T ) Y B
K, —RIEH W, ELMEE 28 do RIKGA 25 kil
AN BRI 190 1 F5 WSR2 S 5 - PR 72 20
AR (BFARARSEIEFAHL) .

2.3 FEEam"

RIREG G, F K BUIGHE IR 48 B, i R AR
558 I PRI e A i B3R RS I, IR si
PRGSO B (g) o BE PO 5 [R] B 5 min, 8557
3 Y-

2.4 REUFEABEALGRMNGN

eI 529 1B S, 4% 2H R B Ak BRSO 5 11 S
WIBEZHZ, e As -~ RO ZH R pY K (d) (58 (d2)
B (d3) (Bl mm) , SR 5 TS AR B (mm?) =
0.52 xdl xd2 xd3,

2.5 HER@HNFIHEREAR"
IR R A H 2, 2 R ] 7 24 h, KUK 58 i

BB IE WK 235 B S B A 3 o 45 A e )
B VLR s 2K 5 R AOR G U1 - 5 min, [ 2k K
WoEfE &t (1% R R L 1) iR ¥ J5 Her 4
5 min, 7528 C A SR AL $F R, s g
2.6 RAEKRNBREFENERTALARSHS=
i

B2 R R A 4, R A0 3 s B DI g
TEWAE N R IREAS SR 5 M P 157 S Ve 45 R e A
THE 2R AR 4 EL AR D B R A HE A5 A, SR I R 4R
REAR WAL s v phh A Pl T 07 10 37 4k TR
2.7 REFRKEN VEGFA Fix™

ISR A2 R BRSNS A 4 1, il 4 4
VIR, V1R it 2K 5 - Thi s e &, SR 1 10% 114
A 3] 1 b 2R3 ARS R 1: 200 ) VEGFA—
UM, 321 (4 °C) J5 ¥ Ue VI R 530 Jon [ e s 1y —
PO AEZR FIFE 1 h, 447 6 - —pRIE -2 - FRILm e
B B RE, TYOLE M TSR IRERIR
2.8 RT —qPCR L3448 < E F mRNA #f 3t 3%
rE™

FH TRIzol ¥E3RBUR AL 4141 RNA FEAG 0 57 5 A1l
W, 3 e S R G % SOl cDNA EAT 384, 9F
GAPDH 3 N Z: i, F 2 **“ 144 VEGFAIL - 6,
IL-1B8.TNF — a, NCOA4 | LC3B 1 FTH1 % [H #H X%}
mRNAZ A&, 5|75 L3 1,

29 EARHTEERMNFENEALABXES
551\3[8’ 14]

GE 545 20K RS0 15 P IR AR 21 41, $R B 1
THWRD S, B R B 20 g AR I EAT HLIK 43
BRI (E I T B 2 h) s B SR VEGFA
(1:1000) . IL-8(1:500) ,NCOA4(1:1 000) ,LC3B
(1:1000) ,Beclin —1(1:1 000) ,FTH1 (1:1000) .

&1 FENFIWFH

Table 1 Primers sequence of each gene

Gene Forward(5’ -3") Reverse(5’ =3")

VEGFA  AGAAAGCCCATGAAGTGGTGA  CTTCATCATTGCAGCAGCCC
1L -6 AGAGACTTCCAGCCAGTTGC ~ TGCCATTGCACAACTCTTTTC
IL-1B CAGCTTTCGACAGTGAGGAGA  TTGTCGAGATGCTGCTGTGA
TNF —a  GATCGGTCCCAACAAGGAGG  CTTGGTGGTTTGCTACGACG
NCOA4 GCACCACCCGGAACAGTG AGGACTCCACCAATCGCAAG

LC3B CGGGTTGAGGAGACACACAA TCGCTCTATAATCACTGGGATCT
FTH1 ACGTCTATCTGTCCATGTCTTGT AAGATTCGTCCACCTCGCTG
GAPDH GCGAGATCCCGCTAACATCA  ATTCGAGAGAAGGGAGGGCT

VEGFA ; Vascular endothelial growth factor Aj;IL: Interleukin; TNF - «:
Tumor necrosis factor — a; NCOA4 ; Nuclear receptor coactivator 4 ; LC3B
microtubule — associated protein 1 light chain 3B; FTHI: Ferritin heavy

chain 1; GAPDH: Glyceraldehyde —3 — phosphate dehydrogenase
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GAPDH(1:2 000) — 4 B il , 4 CIEH i BO5 1 Bt
R I [ o J PR B (105 000) 73R IR
2 b, RS T N 2 BT RO, ) Tmage J 5K AF 0 A
JKBETEL .
2.10 ELISA XHBRNFEHNRARARERIFER
J\j-\_'[ls—lﬂ

BORALT B NI R, S I IG WU L, SR e
ARG @R R s e 2R GHR EIE O ) |
SRIGHE R AL A AR IR by MR OB, FFAR I 7 R 5
HIL -6 .IL - 18 . TNF -« &,
3 pitFEahE

J11 SPSS 26. 0 B AF 747 GE 1173 Br, i SR LA
x £ 53R o LRI FUECR FTA R R T7 22 0 M , 4L 18] P 149
FUECR I LSD - ¢ K

# R
1 FEHMLLRXEE K R 560 kA FR R 9 19 B =2
SRTARLL &, B8 A 5 o kAR 8 25 T

K2 BRSO AT AR LR (2 £ 5)
Table 2 Comparison of ectopic lesion volume and pain threshold

in rats of all groups (x £s)

Ectopic lesion volume/ Pain threshold/

Group n () ()
Sham 10 0=0 49.40 +3.87
Model 10 130.92+12.45* 38.09 +2.12*
Experiment — L. 10 97.55 +10. 56* 42.45 +4.76"
Experiment — H 10 71.96 +6. 46" 47.31 4. 35"
Positive 10 54.22 2. 72* 48.90 +4. 14*

Sham group: Only laparotomy was performed; Model group: Endometriosis
model was established ; Experiment — L group: Intragastric administration of
lycopene at 10.0 mg - kg~! after modeling; Experiment — H group:
Intragastric administration of lycopene at 20.0 mg - kg ™! after modeling;
Intragastric ~ administration  of

Positive mifepristone  at

group :
1.05 mg - kg~'; Compared with sham group, * P < 0. 05 ; Compared with
model group,” P < 0.05; Compared with the experiment — L group,

4P <0.0s.

Sham Model

Experimental-L

15 IR AP REAR (34 P < 0. 05) 5 1% L v 7] B S 9 21
BEPE 6T BELZEL 118 57 i A AR FR A ABE 7R 24 129 4 25 B AT, i
/KX 3 T ($4 P <0.05) , L3k 2,
2 EBEMAZNEAARBRRURAREZRETN
A

HA2EMER o BT AR K BT 5 W TC
o BEAGLAT5 5 55 7 2 R B S7 67 F  DN IA  JR  A
AT U0 A 20 B IR 5 A USSR 2, AR o AR 4 S B A K
BEVPH: %ok R I g 728 A 050 A R 2 1 15 3 AN [m] A8 2 1Y
NI
3 BEMLAEMNERARRAFERNRALFEEEKK
S EA

T AR ARV ARG B S0 4 R e g
RIS 6 PN B A i s kK T
B0 (262.89 +23.51), (636.97 + 58.75) .
(523.63 + 46.13 ). (383.30 = 38.92) Al
(603. 15 £69.98) pmol - kg™, G FARL L, 17
AP R W TR (P <0.05) A% i s Se g 4 2k
AR A 2 R (3 P <0.05)
4 BEMARMNERNRKBRRUFENEALAMEER

s

FRIZH VEGFA FiI 1L - 8 FiA K5 AR T AR 41y
BT () P <0.05) % = 5L 5 4] VEGFA Al
IL -8 FRIRIKF- R AR 20 $4) W BRI (3 P <0.05)
DL 2 Fig 3,

Sham Model ~ Experimental-L Experimental-H Positive

VEGFA - - _ - 20 kDa
L5 W— . SR S 0

2 EABREESE AN VEGFA IL -8 ik

Figure 2 Western blot assay for VEGFA and IL — 8 expression

B 1 FANE L (HE) B (A I 28 21 2 FR 2 8 (52 0 (% 200)

Figure 1

Hematoxylin — eosin (HE) staining was used to detect the pathological changes of lesion tissues
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5 BEMAFRMRBERRRUFENRBARERE  BERM (Y P <0.05), FTHL FXfFK K 82T+

B =2 0 (P <0.05), WL 3 figk 5,
BEAILH AR R 90 - R IKIKF AR T R 4135 12
ETHE (Y P <0.05) ;4K | 5 70 42 S 56 2H M BH M Xt B Sham Model Experimental-L. Experimental-H Positive
AR AE P 7~ 2 38 K P 8RB 4 8 18 3 AR (2 NOCs w— . S s W 0O

P<0.05), i34,
6 EMAEWNEBEARRAUFENRALGEEERE

%?Eﬁi%itﬁ@%ﬁﬂrﬂ LC3 | 16 kDa
SR TR A B, AT AR B R A S et ---- . e
NCOA4 LC3B LC3 1/ T \Beclin — 1 A%} 337K V-4 . - R

WETHE (1 P <0.05)  FTHI Al 3k kT 1 5 ,

IE(P <0.05) s et A6 pl sl Rl ovon [ - -
NCOA4 LC3B.LC3 T/ 1 .Beclin — 1 fH% ik KFHY ' i i ) i

BERT(H P <0.05) FTHI Al ik p s B3 EATDRSRIIHICER &k |

B (P <0.05) ; & #5525 41 Bl NCOA4 . LC3B | Figure 3  Western blot assay was used to detect the expression of
LC3 1/ 1 \Beclin — 1 AHXS 35 7K P B0 AI ) 52 5 41

FTHI S - S S 10

related proteins

x3 SUHRBFNTFENBREHLNE N AERKEF A(VEGFA) FI 41142 -8 (1L - 8) ik LbE (x = 5)
Table 3 Comparison of vascular endothelial growth factor A (VEGFA) and Interleukin =8 (IL —8) expression in rats with ectopic endom-

etrial lesions in each group (x +s)

Group VEGFA immunofluorescence intensity( a. u. ) VEGFA mRNA VEGFA protein IL -8 protein
Sham 1 034.45 +102. 39 1.00 £0. 12 0.35+0.05 0.22 +0. 05
Model 3628.16 £104.65* 6.84 +0.60 " 1.15+£0.12* 0.79 £0.10*
Experiment — L. 3 100. 73 +231. 67* 5.07 0. 50* 0. 87 £0. 06" 0.62 0. 10"
Experiment — H 2 193.07 £293. 16"+ 2.73 £0.21* 0.56 £0.07* 0.49 £0. 06"
Positive 3 418.68 £377.98 5.76 0. 56" 0.99 +0. 11" 0.71 £0.07

Dose and n refer to table 1. Compared with the sham group, * P <0. 05 ; Compared with the model group,*P <0. 05 ; Compared with the experiment — L group,
A
P<0.05

R4 BUARESOTENEHBDRIEARIRA L (2 +5)

Table 4 Differences in inflammatory indices of ectopic endometrium among experimental groups (x % s)

Group IL-6(ng- L") IL-1B(ng-L"'") TNF-a(ng-L™") IL -6 mRNA IL - 18 mRNA TNF - & mRNA
Sham 75.71 £5. 14 21.23 £2.67 6.74 +0.82 1.00 0. 12 1.00 +0. 14 1.00 0. 11

Model 164.29 £13.54 150.70 £13.29 21.24+2.00* 2.94£0.36* 2.61+0.28* 2,49 £0.17*
Experiment — L 133. 46 £ 16. 63* 116.36 +14. 33* 17.76 +1.29* 2.34 +0.24* 2.07 +0.25* 1.94 +0. 15*
Experiment — H 117.03 £10. 41% 81.46 £11. 86" 11.31 +1.25% 1.82 +0. 17 1.77 £0.15% 1.64 £0.11%
Positive 92.65 +5. 82" 66.72 +5.92% 10. 73 £0. 90* 1.65 0. 14* 1.65+0. 11* 1.53 +0. 13*

Dose and n refer to table 1. Compared with the sham group, * P <0. 05 ; Compared with the model group,*P <0. 05 ; compared with the experiment — L group,
AP <0.05.

RS BUARESTOLTE NI AZHLER A AT SEIERIY L (2 £ 5)

Table 5 Comparison of iron autophagy related indexes in ectopic endometrial lesions of rats in each group (x £s)

mRNA protein

Group

NCOA4 FTH1 LC3B NCOA4 FTH1 LC3II/1 Beclin - 1
Sham 1.00 £0. 10 1.00 £0. 12 1.00 +£0. 16 0.33 +0. 04 0.78 £0. 09 0.36 £0. 04 0.33 £0.05
Model 4.30+0.30" 0.41 £0.04 " 7.10 £0.43 1.12 £0.13 ¢ 0.32+£0.04 " 1.02+£0.12* 0.81+0.12"
Experiment — L. 3. 34 +0. 44* 0. 66 +0. 08" 4.72 0. 59" 0.85 0. 10* 0.44 +0. 05* 0.78 +0. 08" 0. 64 +0. 06"
Experiment —H  1.71 0. 11**  0.79 +0. 06 3.33 £0.45% 0.61£0.09"  0.57+0.06"™  0.51+0.05"*  0.49 +0. 05%
Positive 4.07 0. 56 0.45 +0. 05 6.31 £0.41% 1.05 £0. 08 0.36 +0. 05 0.94 +0.07 0.73 £0. 06

Dose and n refer to table 1. Compared with the sham group, * P <0. 05 ; Compared with the model group,*P <0. 05 ; Compared with the experiment — L group,
A
P <0.05.
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EMs Jg&:— Bl UL i 08 1 26 9 v 1 Bh s L &
1SR A T7 EMs 10 9 5 g, BRI 7 i 40 K T e
TEAM ] EMs 48 5 I % J7 11 B A B 1, sk F
Rl T 7 i 41 2367 EMs J7 1 (94538 1+ 40 A BR
ABFFELA EMs KRB B X 52, R G 3R H A4
FT AL BRI L ST S I M I A R
Wi, S EMs B PR T 79 42 £t 52 30 4 47

ABFGE 45 R, EMs A5 8k LS 007 9% & 1k
PRI 2 8 K B P R RS, S5 07 1 T L 4 i B
i A 40 P 40 M R 10 4 BB A, X 5 EMs
f L T 5 B AR AT 58 2 W) A o AHT ST R TR TR
) P e AR 5 06 A2, T R e T A 4L K
FG ST RO T AL T UG IR L 5 70 41 K B
S R AR S N B T, L
085 2L A0SR P T A 00 R L ) IS 07 P 3R
T L 2H 2K P 45 s R AR W R, RN B AT
2] 5L ) R A D R EMs kb AR KL R K
FAER o

SRR VE AN PE T B — W) R TR 2 AT
TE T2 DB (O P, 725 DA 55 200 0 8 A W O,
JEAE ST R 0 SR A PG AR K X R
b5 52 LA D 8 W R R i e AR T L YR 3%
TR ST, ZERE N N U B ik o AL v L Ak
Jo A2 70 R B vk B 10 RO A, K
S LR IR T R A S AL R B L ST A
BIFFERIN 1 S5 A3 - P RS 2 4 4 v e e e i, 4
BRI EMs K BUR S 41 Pt B kK S T L X
5 0] 25 IS 5 R L ESIE, i A 4L R T
J& K TR AL, 357 TR0 20 2% A A5 5ok 8 s ke aod 2%
FASEAE okt EMs AHSCAT IR, 5 BEAEBFSY 2 38 M gk
i AR T B S R ] AR SR HE— A R T Bk
Ao A 5 LA AR R BRI A < EMIs S 7R R B S5 {3 2 41
HA L A A S PR T VEGFA IL - 8 ik K 18 % 7t
B, WML T UG % 30540 5 0 RO AR

HE A B HBCR TR R X —ZR R, il
213 A] e A i iy B ek AL 4] VEGFA (IL - 84
S AE AR B, 2 T EL OB S5 057 09 ek ) ot A3 S 4% e &
A6/ X — R O EMs BT S It 1R
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