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[Abstract] Objective: To explore the effects and mechanism of zedoary turmeric oil and its active

components on the vascular endothelial growth factor A (VEGFA) , signal transducer and activator of
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transcription 3 (STAT3), and mechanistic target of rapamycin (mTOR) in the ovarian cancer (OC). Method:
Network pharmacology technology was employed to analyze the mechanism of Curcumae Rhizoma on OC.
Bioinformatics was used to analyze the expression of VEGFA, STAT3, and mTOR in OC and the effect on the
prognosis of OC to explore the feasibility of zedoary turmeric oil in regulating VEGFA, STAT3, and mTOR in
OC.The xenograft tumor model of nude mice was established, and the effects of zedoary turmeric oil and its
active components on VEGFA, STAT3, and mTOR in OC were observed by hematoxylin-eosin (HE) staining,
real-time fluorescence-based quantitative polymerase chain reaction (Real-time PCR) , Western blot, and
immunohistochemistry (IHC). Result: Bioinformatics analysis and literature research showed that VEGFA,
STAT3, and mTOR played a special regulatory role in the occurrence and development of OC, and were
potential key targets for the proliferation of OC. Network pharmacology analysis revealed that Curcumae
Rhizoma could regulate multiple disease targets of OC, and mediate VEGFA, STAT3, and mTOR in OC
through these multiple targets. As demonstrated by HE staining, the tumor cells in the model group were densely
arranged, with no erosion on the edge and no vesicles inside. Compared with the model group, the cell density in
other treatment groups was reduced, and strip-shaped erosion on the edge and small empty vesicles were
observed in the tumor tissue, especially in the zedoary turmeric oil group. According to the results of Real-time
PCR and IHC, zedoary turmeric oil and its active components could inhibit the mRNA and protein expression of
VEGFA, STAT3, and mTOR in the OC tissue (P<0.05). Conclusion: Zedoary turmeric oil and its active
components could reduce the expression of VEGFA, STAT3, and mTOR in tumor tissue of nude mice, and
inhibited the proliferation of OC through VEGFA, STAT3, and mTOR.

[Keywords] zedoary turmeric oil; ovarian cancer (OC); curcumol; curgerenone; vascular endothelial
growth factor A (VEGFA); signal transducer and activator of transcription 3 (STAT3); mechanistic target of
rapamycin (mTOR)
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PR CURT MR & A R A ] ) ; DW 86290 RUAR
T R A AR (R 35 B 0 A BR A FD ) s HY €360 2 5
&I AE (7 5 R e An A PR3 7] ) ; FluorChem E 7!
BRI A% 72 48 (95 [® Alpha 23 7] ) ; Infinite M200 pro
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B9 R OGP 43 B FF 3 OR -OC 2R [F HE &L 5 A
VEGFA, STAT3, mTOR #9 It [A] # 55 2 5 5 A
STRING %t ¥& /% (https : //string-db.org/) fft PP1 5 [ &.
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Jf i i 10% 5 5% 9 SDS-PAGE 43 & , J& 5% K &=
PVDF [ I ¥ B 5 8 B —BUAE 4 °CIE A o7,
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B i 7] 45 AR BRI 57 E B S €5 B 38 A A R
S R R TR A B B R R A BT R A
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RNA, J& fii Fi| Infinite M200 pro £ 1) fiE i FL Hi 46 i)
{CHE M RNA M B2 o SR 5 (i FH #K 1622 3% 7] & 3 5%
SRR & E, 25 °CHEE 5 min; 42 °C 15 3%

60 min; 75 °C Jil #4 5 min, 5¢ % i 5% % 5 75 P K
LightCycler96 PCR 1% g i 47 7 1 #8 B PA i 3R 3k .
JIE LA 20 WL AR FRHEAT , DL B-actin 7 R N 17 5
WEAL o BEASRE S IEAT 3 YR A A AT AR A 294 .
i 3k 2 mRNA (9 A4 3R 35 . PCR Y 5 14
95 cCHlAEPE 30 s, 1 ME 36 ; =20k, 95 °CAE 1
10 5,60 °CiR 'k 30 5,40 ¥ . PCR 514175 i 4=
LAY () TR A R A A A, 518 F 5
W1,

%1 Real-time PCR3|#1F 5

Table 1 Primer sequences for Real-time PCR

519 JPH1(5-3") K & /bp
VEGFA L Jf GTAGTATAGTAGTAGTATA 19
T i GATACTACTAGTAGTATGT 19

STAT3 i AAGCAGTTTCTTCAGAGCAGGT 23

T CTTCTCCGTCACCACGGC 19
mTOR |- CGCTGTCATCCCTTTATCG 19
T ATGCTCAAACACCTCCACC 19
B-actin [ GTACTAGTCGTAGCAGTAG 19
T it GCTAGTCAGTCAGCTAGCT 19

2.6 ZilF 5 RHISPSS 25.0 Bk #E AT ST 4
BT, I OB DA xbs R, T AR A 2400 0] 9 L 3R
(RIS 5 2 A R A [] R LG AR BRI FR O 25 a0 A
(One-way ANOVA) , LA P<0.05 Jy 2% 5 FLA 40 it 2
=2
3 &R
3.0 FHAREMEAAY LIS R I E R
ASLE A 81 R AL 2 S, EHE OB>30%, DL>0.13 1§
R 3R ARG Pk A 43 0 7 Sk, LR R 8 R AL G -
W2, Hod 3 ARE (curcumol) ZFH AR AL &9
OB i i3 1 % 47, S5 46 R B (isocurcumenol ) HE 78
55 25 5 10 % B ¥ 1 (hederagenin) /& DL #% 5 FU 1k &
Yy, 5k 0.75, Hok 2 36 R IN s (gweicurculactone )
5 3 AR B (isocurcumenol ) , 3 55 H: Al /Y %) 2% 24 2
2P — BN WS H R 2 R B A
Y/ wenjine F X Ak W O H B £ #E H
(bisdemethoxycurcumin ) JG 1 P4 #5800 12 HEFR -
FI TR 6 NTEMEAGY LG 33 MEAES.
1R 25, 6 P i G, 33 14 £ 7 A Cytoscape 3.7.1
AR AT PO L 2 KA . LRl 1
3.2 BRI HD A 25 W - B0 TR - R A ) 2%
GeneCards % #i 72 1 OMIM % ¥ 7 4 4% 5 OC #H
KA HEBR AR [0, 45 2] 7 958 M HE P 5 OC #H
. 73 .
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£2 OB>30%,DL>0.13 HIERFE MK 5
Table2 OB >30%,DL > 0.13 active ingredients of Curcumae Rhizoma
MOL ia=g ] OB/% DL

MOL000296 hederagenin(# F 11 ) 36.91 0.75
MOL000889 isocurcumenol( 5 3% AR ¥ ) 97.67 0.13
MOL000901 BRN 3094585(3& A Ji i ) 87.82 0.13
MOL000902 curcumol( FE A ) 103.55 0.13
MOL000903 gweicurculactone (FEFE A g 42.92 0.14
MOL000906 wenjine 47.93 0.27
MOLO000915 (1S,10S),(4S,5S)-germacrone-1(10),4-diepoxide 30.48 0.18
MOL000940 bisdemethoxycurcumin( X 2= F 48 L 2 ¥ %) 77.38 0.26

B1 ZAR-LAW-FEATRMANE

Fig. 1 Curcumae Rhizoma compound-target visualization

network

Ko 5 FRAR N B I IE PR R 43 REAE T 33 S 8 A
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EZR o3 B, WEI 2(B) .

=
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” /’r

ovarian cancer

A B
B2 HAR-OCHRMIARML
Fig. 2 Visualization of common target of Curcumae Rhizoma

and ovarian cancer

3.3 VEGFA, STAT3, mTOR 5 OC [yt % ¥
VEGFA, STAT3, mTOR 5 OC %2 % 3% A He %, #f 1A
.74 -

HAR N OC ¥ F K, WL 3(A) . PPIIN 45 & 7] I,
3SR ER R O B, BRI OCHER, U H 2
mTOR-STAT3 F STAT3-VEGFA [ ] LBk & . L
K1 3(B). OC%Zk Il PR 3fe Bk A A7 43 Hr vl WL 3 450
SRS OC TG & R % U1, #F R i OC [ 3 1 A=
AE T S AEAF ] . Gl AR YR B AR AT T LR
L VEGFA, STAT3, mTOR 7£ OC W' % 4% T & % {f
FH o K19 SCHk B2 S2 56t E S8 T VEGFA, STAT3,
mTOR 7£ OC H1 (14 & F A1 B >,

L=

LS
A B

mTOR 7 Kaplan Meier-Plotter £ #5 J%2 ) 43 F 1D hy 202288 _at, [N £ 4~
fir % & 8 9 FRAP

B3 VEGFA,STAT3,mTORS5 OC By# %1

Fig. 3 Correlation between VEGFA, STAT3, mTOR and ovarian

cancer

3.4 VEGFA, STAT3,MTOR 5 3 A& -OC 3k [&] #
M9 A CPE 22 8 A5 R A 4 4 S SLC6A2,
PRSS1,PDE3A,ADHIB JoAH B AE ], AT fE J2: 38 i Al
JEA i 25 B0 A2 A AR & AR I NR3CHL,
PGR,PTGS2,NCOA3,ESRI (i >6) A H AEH /1
5, AT A 3R A T R HE M AR TS OC 1 56
S, WL 4(A) o 25 4 #8 5 B SLC6A2, PRSSI,
PDE3A, ADHIB & A #1 H fE Jil , T VEGFA,
NR3C1,PGR,PTGS2,ESR1,AR,MTOR, STAT3 ( i
B =7) Z [0l /9 A0 B FF AT 3 . JL o, #1805 NR3C1,
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PGR,PTGS2,ESRI, AR, PTGS1,REN, NOSI #] IS
£ H1 T VEGFA; #! & PTGS2, ESRI, AR, PGR,
NR3C1 A] LIAEH T STAT3; # f CTSD, ESR1, AR,
PGR 7] IAEH] T mTOR; # 55 ESR1, AR, PGR 7] )
7] i 75 ] T VEGFA, STAT3 1 mTOR, f1 Itk 7 U
VEGFA, STAT3, mTOR 7 OC H B 1R 5% 52 i) 77 11
(6] 1, U, B % [w] I 4 22 A 35 AR 1 1% e o 2 1 8
PE AR AR I B R M A v R R E R R B B
S5 DA%} VEGFA, STAT3, Mtor /= 4 T #VE ] . B ik
KAWKE4(B).

4 ERETOCHIPPIN %
Fig. 4 PPI network of Curcumae Rhizoma for OC

3.5 VEGFA, STAT3, mTOR F1 3 [a] # s (1Y 3 [K T
BEZMHT BRSO 45 3 2 90 25 I 5 5 27 AN A W o it
FE(BP)AHOC, Hh 51557 5 RNA R G 1 5 3)
THE SR IE VA 4%, DNA B B, RNA R4 1 11 5%
SR BT DNA B S5, 25 W) SO, 28 [ B R A
S AE 5, A A A B R T, A A A O A 4R
FEMKEEY ;5 oMM/ (CO) ML, Hh 5
e it KGR EAREGYFERAEY ;S
2153 F BB (MF) A OC , Hoh 5 )% 91 5F 5% 7 DNA
AN TN BHE TS KB ERERZE
W S A VR AL R B T I G X 8

5V DNA 254 ¥ S0 7 DNA 25 G K EEZs &
MGV . KEGG {5 53 [ 43 B R, 25 A4~ 4 45
555 25 5 B M 56, o 0 35 Pk G AR 32 R A LR A
FH R R % 215 5 i R D e PR £ S ik
2 BURAE FH RUERIE 15 538 8% ; Hoh DU RE {5l
i A WLE S, 25 R BT FR i
% VE 73 18 53 VEGFA, STAT3, mTOR il #% X OC 1k
FH A HIL B 5% 5L A A o B B RN S 56 A T S il
HARE AT
3.6 XTOCHIRMAL T &I m W as RIREH 5
R 2 b A, Al 2 24 A 34 ) I B IR (P<0.05) .
W3,
3.7 %P OC IR LU B B e 45 58 R, B
T2 R 0L g A 4 2 B ga 4 G A SO, P9 C
s SRS B L S R A B A0 G R N R A
AN R T X NN SO R A
AT AL AR A R AN N R R AL 2
FA BT — B RN — 25 M FER B 5
TUZH LA, 40 Ff % B 4 0 AR U BT
2 UNEEE S & E AT TN Ry
FL A, Je R L 8L P At s B T — BB A /N S R
T 1# 6,
3.8 X OC #i & 41 41 VEGFA, STAT3, mTOR
mRNA KL SHERA A, S 3K
A 4 FE R B AL L FEOR R 2 OC 1k 4 4
VEGFA, STAT3, mTOR mRNA % ik ] i & Ik (P<
0.05) . 5 2B AR, LA ML P VEGFA,
mTOR mRNA % ik 7 I i} &Ik , STAT3 mRNA ik
it W] T (P<0.05) 5 36 R ¥ 41 ' VEGFA, mTOR
mRNA %5 & I 8 7} , STAT3 mRNA £ ik
R AL (P<0.05) ; FE A i 41 h VEGFA, STAT3, mTOR
mRNA £ ik it 5 (P<0.05) . SIHAMA b, FAR
i 2 ' VEGFA, mTOR mRNA % ik & ] & Jh & ,
STAT3 mRNA ik & B 1 B A% (P<0.05) ; FE A i 41
1 VEGFA, mTOR mRNA % ik & W & 7} &
(P<0.05). W4,
3.9 X OC J& 1k #H 41 VEGFA, STAT3, mTOR %% [
P35 52
3.9.1 AR PR R ER, SR
R EEA FAMA G AR OC
G AR 41 41 th VEGFA, STAT3, mTOR mRNA % ik #]
B REAR (P<0.05) . S5 EA bE, FA ML P
VEGFA, mTOR f9 #5 11 % 35 & W] W F K, STAT3 119
B RIBW RIS (P<0.05) ; 3R B4 T VEGFA,
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Fig. 5 Target enrichment analysis

x3 HEABMEEBEERSNZSHRBRBERENZIE (F+s,1=8)
Table 3 Effect of Zedoary Turmeric oil and its active components

on Tumor weight of nude mice in each group (x+s,n=8)

215 4 /mg - kg R /g
[l 0.54+0.21
E g 10 0.31+0.11"
FAR M 200 0.23+0.11"
BN 10 0.38+0.09"
FEA 10 0.40+0.15"

e SRR Y] H A P<0.05

mTOR 1) & [ &k & 0 B T &, STAT3 19 8 [ & ik
it W B IR (P<0.05) ; 3 R 4 ' VEGFA, STAT3,
mTOR 5 H & B U BT (P<0.05) . H53ARMA
Ho#, AR B4 h VEGFA , mTOR 92K 11338 &5,
STAT3 ) 45 [1 3 ik &t Ik (P<0.05) ; & A il 41
VEGFA, mTOR # & 1 % ik & & (P<0.05) . W

K7,4%5,
<76 -

3.9.2 Western blotZr#1 SAIAI 4 b3, 842 1
A FEAR AL FEARBEAL A 4L 1) OC I8 M 4] 21
' VEGFA, STAT3, mTOR mRNA # ik B i [ 1i%
(P<0.05). S5 LK, A M VEGFA,
mTOR Y 2 1 R B W] W T+ =, STAT3 (19 45 1 £ ik W]
TR (P<0.05) ; AR BEL of VEGFA, mTOR ) 2
2k 1 8 Fh 3, STAT3 (Y 2K 1 2238 B B R# IR (P<
0.05) ; F AR B 2H ' VEGFA , STAT3, mTOR (1) % |13
KB (P<0.05) . S AR ML LR, AR EELL
VEGFA, mTOR 19 £ 111 % 15 W] 1 J+ & , STAT3 () &
F % ik ] @ B# K (P<0.05) ; 3 AR i 41 *h VEGFA,
mTOR ) £ 1 & 5 W 8 J+ & (P<0.05) . W
6,k 8,
4 itit

H#iT, OC th F &k = 4 2 i A F B R H 55 5=
PE I I R R AE B AR 2] T W By BEA B L2
Wi, i b R AT 245 I T 2 S BOH R AE
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A BERIZE B, AR C. AR, D. WA E. ALK 7,8)
B6 HEARMEEFBFMUMRSIOCHEEKARKREZWHN (HE, x40)

Fig. 6 Effect of Zedoary Turmeric oil and its active components on histopathology in periovarian cancer tissues (HE, x40)

F4 BERBREFERS N EHRR OCHEEKHEL VEGFA,STAT3, mTOR mRNA RIZHIF (X+s5,n=8)
Table 4 Effect of Zedoary Turmeric oil and its active components on VEGFA, STAT3, mTOR mRNA expression in different groups of

ovarian cancer (x+s,n=8)

21 51 il it /mg kg VEGFA STAT3 mTOR
[l 1.01+0.08 1.11+0.09 1.09+0.11
EALEE 10 0.48+0.12" 0.51£0.07" 0.58+0.05"
FAR M 200 0.32+0.08'2) 0.78+0.14!2 0.36+0.09'2)
FEAR R 10 0.82+0.11':2:% 0.34+0. 12129 0.810.12!-2:3
FEA R 10 0.710.09'-2:3 0.75+0.16'2 0.77+0.06' 23

TE GBI AR 1V P<0.05 5 5 22 I L4 > P<0.05 5 SR I 4 H 4% 3 P<0.05(3 5,6 ) o

'~?;¢W}‘W‘ w AN T
BATSIMA Yh
R

R

3
5
e

; .

AL AR
»t

LRIV Tty
R
4 e 2]

B7 H#ABREBEMEMSEHEER OCHEME AL VEGFA,STAT3, mTORE A RIE S AR (hiEdlfk,>x100)
Fig. 7 Effect of Zedoary Turmeric oil and its active components on expression and distribution of VEGFA,STAT3,mTOR protein in

ovarian cancer tissues of nude mice (IHC,x100)

x5 HERBREFHERS M EHEER OCHEKAL T VEGFA,STAT3, mTORE A RIX D HHII (¥+s,n=8)
Table 5 Effect of Zedoary Turmeric oil and its active components on expression and distribution of VEGFA, STAT3, mTOR protein in

ovarian cancer tissues of each group (x+s,n=8)

215 Fl 4 /mg- kg VEGFA STAT3 mTOR
F 4.11£0.74 4.58+0.3 4.15+0.38
RS 10 1.78+0.20V 2.51+0.21" 1.88+0.39"
A 200 1.51£0.29"2 3.11£0.16"2 1.42+0.37"2
A EE 10 2.81+0.48'2:9 2.01+0.44'2:3) 2.83+0.19'2:9
FEA i 10 2.99+0.52"23 3.07£0.23"-2 2.63+0.28'-2%)

- 77 ¢
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K6 EAMBETURSNEZHER OCEIKAL S VEGFA,STAT3, mTOREBRESENHIE (f+s5,n=8)

Table 6 Effect of Zedoary Turmeric oil and its active components on expression of VEGFA, STAT3, mTOR protein in ovarian cancer

tissues of each group (x+s,n=8)

215 4 /mg - kg! VEGFA /B-actin STAT3/B-actin mTOR/B-actin
TR 1.58+0.22 1.37£0.16 1.61+£0.13

Ey A 10 0.56£0.13" 0.53+0.16" 0.55+0.01"
FEAR M 200 0.35£0.15"2) 0.89+0.15"2 0.37£0.13"2
ER N 10 0.79£0.121-2:3 0.32+0. 131:2:» 0.87+0.191-2:3
FEA T 10 0.77+0.21'-2:3) 0.85+0.17'-2 0.84+0.1'-23)

-
VEGHA b.-‘~ 27 kDa

STAT3 (D e D s S+ 88 kDa

— L

practin | G - 20

A B C D E
B 8 & AR OCHEMKALAH VEGFA,STAT3, mTOR & A B ik
Fig. 8 Electrophoresis of VEGFA, STAT3, mTOR protein

expression in ovarian cancer tissues of each group

RIEEART o 1B R 0 & AR R R S A0 L 0
It ] 1 155 5 1% 36 %5 DD AH G L {5 5 1% 538 B 2k R 5 | ke
i 98 A0 S DR Y T R S R 2 O0F R E
N 4 B 48 RE VE SR LB 8% LS 4 R T G i S
VEGFA J& VEGF 1% i f5c 5 WL 25 B0 A5 R 4% ol 3
DAL B2 2 3 A A A0 B R B AR R Y I A B
PE AT LLSE S 8 0N bk A R B 3 P A 0 I
BEH BB IR . VEGFA Y 32 15 25 i , % fif I3 4 i 1
Hagg B A BB AEH . STAT3 J2 STAT /& 11 % %
— DU BT VR R AN 1E S S R I R
Hh, STAT3 #4115 i ft 3 2o 3 15 i J8d ok 2 35 LA S AL Ak
14 G 8 I IO 45 412 0F 22 b i g8 1) T8 0 A0 i AN 7
OC, W # , Sk 20050 4 bR 41 A A 25 20 1k g o 3 3 1
J8°% . mTOR J& — Ff 3 7Y 1) 22 53 1R /75 24 IR 46 1
W BT R B, 30 mTOR {5 5 38 J% 7T 3 4o 30 5%
I R - o) A A R 2D g RE T AN RS AR W R Ak R
W EE OC [ Ak 24T 25 1> . 3 A9 )&, mTOR f7
5308 ¥ (4 0 40 AT 08 AL ST OC 4i B X 1L y7 2 4 F B
o ARG A AN N R e SN i O RS O N
T VEGFA {31 25 & HFC /R VEGFR2, { Jif 8 1fi 4%
A% A, LA 40 9 STAT3 /4 5 2 mTOR , it fifi
20 A 5 A, [ B R ol A A T S A P R A0 3
B B A BE B ME IR S 0 4 i 0 AR A bk, SCn]
. 78 .

DL it STAT3 15 545 VEGFA , A2 4 i Jeg if 45 19 2
K, B — AN g M e A K P BR . BRI — AN RS
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M RTAT 2 6 o
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FHEEARBE FEAR TR VR FEA S ML AR, %
F2 B2 H T OC ¥R Y7 e i FH I ALTT 2590, I R 7
RO R . FAREE FEAR TR AR A AR b Y 2 B
LA, A i A v, ELH ) S B g R AL OC
SKOV3 4 Jfl A7 ¢ 5 A 300 i/ T o 38 8 45 42 I PH
2456 BB A 3R I R 3R TR 4 A8 B 4 1 4 s 38 R T
BT OC WIFEFHAL o 25 5 57 38 AR Il B 3% M A 43
fig B Ik OC 5 7 B BRLUJ% (K 241 21 h VEGFA, STAT3,
mTOR & [ Al mRNA [ % ik , v fg & i &f VEGFA,
STAT3, mTOR >k i S| 417 il 1) 5898 38 5E 4 .
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