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[ER] 2 e EBBEXZ (R 30 (GPR30) FERIAHMA (COFs) FFARINEIHIAMR S % F
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[ 7755 ] SREXMEIE Wistar AR AYONEERIZAAE, 5. 25, 100, 400, 800. 1600 ug/mL COFs {4k
FF 2405, MTT A NMEETE, HXARANARAT, KT 2B MR ().
2R (P,) . GOSERIEE (FSH) AEARERZE (LH) 7KFE, RT-PCRIEN GPR30. REEKEF=
& (EGFR) . ES RS E5HFREER T 3 (STAT3) FAEIME S ETIEES (ERK) mRNA FRIAKF,

[Z532 ] COFsZ&E 24hfE, 100~1600ug/mLT EAMA AR EFTEPBE M| FXIEA (P<
0.001) ; 25~400 pug/mL I 2HAFRAAT-XRPE ST XTI (P<0.05) , 0 100~400 ug/mL
FISLH P, ExHIZEZIKFIYBA BT XTEBLE (P<0.01) 0 100~400 pg/mL FIE£H GPR30 mRNA &z
400 ug/mL 7 240 EGFR mRNA 3PH R F¥$H84H (P<0.05 3% P<0.01) , 100~400 pg/mL ¥ E4H
STAT3. ERK mRNAREE S FXFHRAH (P<0.01),

[ 4518 ] —E &= COFs Bl SR OP E TR AR AT _EFHH P E =K TR, COFs XLEER
F M5 STAT3 F ERK mRNA BYFRIA KT EF B XK. GPR30AIRES S 7 B & 3 R B B4
KT ER.

KA RVBHE ; c EEEECRA 30 ; IPEFNAM ; AT ; MEERERKTE

Role of G protein-coupled receptor 30 in cooking oil fumes-induced ovarian cytotoxicity in rats
XU You-giong"?, ZHANG Xiao-yang"? LI Hong", LIU Jian-hua®, CAO Xiang-yu', HUANG Ruo-ming*
(1.Department of Endemic and Chronic Diseases, Fuzhou Center for Disease Control and Prevention,
Fuzhou, Fujian 350004, China; 2.School of Public Health, Fujian Medical University, Fuzhou, Fujian
350004, China)

Abstract:

[Objective] To analyze the role of G protein-coupled receptor 30 (GPR30) in the cytotoxicity
to rat ovarian granulose cells induced by cooking oil fumes (COFs), and provide basic data for
prevention and control of potential COFs-related negative health effects.

[Methods] Ovarian granulosa cells were extracted from female Wistar rats. After 24 hours of
exposure to different doses of COFs (5, 25, 100, 400, 800, and 1600 ug/mL), the cell survival
rate was measured by MTT method, apoptosis by flow cytometry, the levels of estrogen
(E,), progesterone (P,), follicle stimulating hormone (FSH), and luteinizing hormone (LH) by
radioimmunoassay, and the expression levels of GPR30, epidermal growth factor receptor (EGFR),
signal transducers and activators of transcription 3 (STAT3), and extracellular regulated protein
kinase (ERK) mRNA by RT-PCR.

[Results] After 24 hours of COFs exposure, the survival rates of granulosa cells in the 100-1 600 pg/mL
groups were significantly lower than that in the control group (P<0.001); the apoptosis rates
of granulosa cells in the 25-400 pg/mL groups were significantly higher than that in the control
group (P<0.05); the P, and E, hormone levels in the 100-400 pug/mL groups were significantly
lower than those in the control group (P<0.01). The expression levels of GPR30 mRNA in the
100-400 pg/mL groups and the level of EGFR mRNA in the 400 ug/mL group were significantly lower
than those in the control group (P<0.05 or P<0.01); the expression levels of STAT3 and ERK mRNA
in the 100-400 ug/mL groups were significantly higher than those in the control group (P<0.01).
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[Conclusion] A certain dose of COFs can lead to an increase in the apoptosis rate and a decrease in the P, and E, hormone levels of
ovarian granulosa cells. These adverse effects of COFs are associated with increased expression levels of STAT3 and ERK mRNA. GPR30
may be involved in the regulation of estrogen on ovarian granulosa cell growth and development.
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=& B4 (cooking oil fumes, COFs) B ENFE
TRERYZ—, [ZEETERREMEIRIERE
A, NRAAFHAAARERETTEARAH. FEAZ
WA FFRERR) S mEREBE (IR
WEHEAT D FRFLE BIATE 2.0 mg/m?, BIMEEEN
K10fE ALY, cors b F A E S, B 300 ZFbE
M, HRERERY). SXZRREEE. SHFRE
ENLMEERGERM Y, BRiERIMARREA,
Cors ERMAREMM BN ERBRER, BAERE
SHMBERUEY, FXEEE RS, Bl
RS MIRERD Y, FIEABRZE " MIAKREAE
10 P IRN COFs X MMM A TE R AR =M, KA
BEETCORMNZIAZLKZERT. HikemMELRE
I, HSBAKRIPRAEEREHPAE TEMIPEREH
OB EAE. INEBMMEEBERFENEERE, 0N
AEIMENEEINREN, IR AREINER
AR, thEFEEMTHEELRM, BRI AMRAYIE
HOBRTHMBERD WHIEINERE. INESHARERER
TIMExR. KEINEFHAMAEINEASHE AL ZER
EbRR e R —Fht M A TE S IR TN RA Y, cER
18 BX = 14 30 (G protein-coupled receptor 30, GPR30)
BB ETIA (ER) as ERB. INEWETENE =
MM EZ AR, REEKEFF K (epidermal growth
factor receptor, EGFR) & #l/& GPR30 /g K IEEE W
FTERRE, EGRR-ESESE5HRRBUERTF 3 (signal
transducers and actvators of transcripton 3, STAT3) #l
EGFR-BEYMS ST 84S (extracellularregulatedprotein
kinases, ERK) (S S BREAMEEILES ATEEE
ER. 79— CoFs B AETES M, TME GPR30
5 cors ESARIPRABREEHIEA,

1 MBS
1.1 ##

60 K 1% i R Wistar B 14 KB 20 R OFE4%, B
LBERR LRI B RIBEATREM, #5  scxk
JF2016-0006) o 5= mn h# T & K AF M (W B X RIDE
™), WEEE (estrogen, E,) . Z2HH (progesterone, P,) .«
IR BRI E 2 (follicle stimulating hormone, FSH) 1 2

K4 A Z (luteinizing hormone, LH) &R FI & (3
5100120, b FALF EMHIRARER) , ZHIMFER
MR (100010, FUMNEHHIZEAT ) , RPMI 1640 48
B Z 7= & (£ E HyClone) , BR 4 IM75 (X E Gibco) ,
HAA T M. RNATREX. RT-PCRIAFIE (YN EE
Promega) o

AL SR (BFC-35D, ST A MR FN 88N R
[7), KEE#28 (QC-1S, IERHIRARIPRFHR
Ffr), 2Haem ey MEX (SN-695B B!, EiE1ZFrH ¥
BNBERXE), RN (FACSCalibur, X E
BD), f2&I%5E (52%9-3122, HZSOlympus), EI& E
5 (IX51-A11PH, H7Zs Olympus) , B83%1Y (EPS-300, E
BREREERAR) , &IMIHIEIT (ND-1000 8,
3 [E NanoDrop) , PCR¥ 1% % (PTC-200 2, 3 [F BIO-
RAD) o
1.2 A&
1.2.1 SHEAFFIY IR ESTZEL  BYSEFFH 200 mL
03, SHRIEHITE (27045) °C ; ARG IRIBF LIS
M AR ERNEE TS REN AR RIFRE ME
30cm b UNETHIA, A KAFRMEIRTE S 15/ min,
WIBLT4EE RS 30min BI—R ; KRAREIRE, RER2
Y8, BAEES 20min, 78, 50°CKAET ; TIRER
8, BRI (dimethyl sulfoxide, DMSO) BCRRFREEMR
E, -80°CR1F, &, /AMREMEIRTE /I 0.1L/min,
SRIFEEYE]/T 30 min, SEMEKE 24 COFs B 2 1E R Btz
122 UNEFNIAHEIETT 60 K4 B Wistar I 15
AREBRETIENZEMBERMEREZE 1001U, 48h
ER0FE, 75% EiEIR/E 2~3 min, TE M4 T2 EENEH
8, B LRBEINE, BRINER (SFNAM) 5k
NIEFET, KEINER, 1000r/min (F&E15cm) B
D5Sminfg, FELBER, BIEY, BRI, &
FRARAEENEFERE, FIRFNARST
&, RFFo
123 MITEMNEAREFEE BPRNARER,
FIgEM T 28 15% FRF M/ER DMEN/F12 IBAED
6cmIBEFMA, BT 37°C. 5% CO, IEF 7. BY
D FIFEE K ERRIARE, LIS FL 1000 DR E
EMT 96 FLIEFFIR, B T 5% C0, 37°CHE M4 T
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1% COFs 2272 (5. 25, 100. 400, 800, 1600 pg/mL)
K2 DMS0 A7 T BR 4R (90% B4 M35 +10% DMSO) B,
BMNEAKeNEFL, £F 24h IR 492nm
RMAZEEDE, TEHFIYE. AREFEEE (%) =
D s/ Dsymamx100%0

1.2.4 AICHR(ANAE T2 AnnexinV-FITC/
PI XN 5 R R sV AR AR A M ARBEIA T BXXTEAE K
HAZARR 2 (COFs &0, 25, 100, 400 pg/mL) 24h [,
FBEEARHE, 1000r/min (12 15cm) B0 5mino
FRAEREL & & (PBS) 7Bt 2R fE, FA300uLNES
B E R TN 5uL AnnexinV-FITC, SEA[EREEIF S
10 min, MNBKRAEIES uL, SESEEEFFS 5min,
1h AXRARTARNNIESER. RREE 3K,

1.2.5 AT AN E HZEAKT RENE R
25| FRICHY Exn Pos FSH A LH BYTTE Y S E ERVMERITIR
miE—#e, BAE37°CHEE (EMP.EE 1h, FSHAILH
FE 20h), R FHS, TN BT, 3500r/min 55
0 15min (FE5cm) , WA LB FEE, NMAEEEK
T Y MESCONE ZETEER D BIET 1124, BEHK
HE BT, REUE © £, <2pg/mL;, Ps<2ng/mL, FSH I}
LH<1.0mIU/mL, }8ZE . #IRT R R EK (coefficient of
variation, CV) <10%, #ti8] CV<15%.

1.2.6 RT-PCRE 2 K 58 5P 8 5 KL 48 B AR GPR30.
EGFR. STAT3 1 ERK mRNA RIANKTF  F&FE 24h FUE
EFRR AR FH B, A PBSHE2 /Ko & Promegaist
FIE% A BIRENAIAE A 2 RNA, HERIND A ET
KM RNA 4B E, 77T -70°C ; 3% Promega GoScript™
Reverse Transcription System i, 7| & & it 75 7% # 17
mRNA B4R AL cDNA ; 54139 H Invitrogen AT &Y
S F 5% 1o PCR R WA ZAIRHE GoTaq® Colorless
Master Mix 17 & #7550 LUE L,

X1 SIMFFIR
£2EH 5271 FKE (bp)
oprao  LEM I ATCGGCCTGTTCCTCTCG T 105

R[A : CAT CTT CTC GCG GAA GCT GAT

1E[A : GAG AAA GAA TAC CAT GCA GAA GG
EGFR 88
Z[A : TCT GGT GGG TAT AGA TTC TGT GT

1E[A : TCC ATC AGC TCT ACA GTG ACA GC
STAT3 134
R[A : TCC CAG GAG ATT ATG AAA CAC C

1E[A : AAA ATT GAG CAG GTG ATC GG
ERK 223
Z[A : TCA CAG GTG TGC TCT TGG TC

GAPDH 1E[A : AAA ATT GAG CAG GTG ATC GG 113
f[A : CCT GCT TCA CCA CCT TCT TG

1.3 FRitFESN
KA SPSS 20.0 B B XS BB 1T 047, THEE

FURAT BT xPIREBRN K ; TEHRRHETT
M, RBERRAED, ZPLRAS—IIIRA
R E L IR 75 Z TFEY SR A Dunnett-t 52 30, #0236 7K
a=0.05,

2 25
2.1 4pREEE

COFs 25 PRI AR 24 h |5, 3R XY BR 20 40 i N
BERKRY, EREIMER, BERSTENH
=, ERFAMIITHAMEEIL %, COFs ZFIZAM
DERERERITFEN (F=417.311, P<0.001),
H 100~1600 pg/mL 7 £ LAY BA BAX F XS BBAH, LART
BAFEE N 100%, EMZFIEAFETEXENE L, b
COFs FIZIE NN, MREER (%) FHMFEME (r=-0.917,
P=0.000) ; HHFIEiAZ 1600 ug/mLES, AT
TEEERK 36.29%. EFEFIER KT 60%HI 3 M
=40 (25. 100. 400 pg/mL) FIAFIXTERA N FRAE L

Cgaili-=
120
100

80

60

FEE(%)

40

20

STERLE 5 25 100 400 800 1600
COFSEFIE (ug/mL)

UE] a : S5x38R4A48EL, P<0.0010
1 A COFsFIZAFHMRIFEE

2.2 AARATE

COFs REFTHAMM 240 f5, FRIARBATENR
2, ER2EAPFHNARATEREREREARITFER
X (x*=850.193, P<0.001), H A 25, 100. 400 pg/mL
FIS AT AT RAES T IIEAH,
2.3 HREEKTF

RFE24hfE, SFIELHFSH/LH K ELLRESR
EHITFEENX ; EFIEAP. LBEKFURERSE
FitFENX (F=57.106, P<0.01 ; F=20.478, P<0.01) ,
H 1100, 400 pg/mLFIELA P E, B RIKTFIIBE(R
FXIERE, WK 2
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25
a
a

20
R 15 5
-
1
BT 10

5 J

0 ‘ ‘ ‘

XFERZH 25 100 400

COFsREFE (ug/mL)
[F] a : 5x38R2A48LL, P<0.05,
B2 COFs#E24hjaARINEFRMAATER

&2 COFs#&F24h FARINETAIAMAMEKTF (xts)

pERE EZN € IREEER
(ng/mL) FSH (miU/mL)  LH (mIU/mL) P, (ng/mL) E, (pg/mL)
SRR 6 0.53%0.21 4.52+0.48 9.72+0.91 5.36+2.151
25 6 0.65+0.41 3.93+0.25 6.33+1.16 5.98+1.42
100 6 0.41£0.12 3.85£0.05 4.3141.55° 2.72+1.10°
400 6 0.40£0.03 2.78+0.23 4.04£0.52° 1.39:0.66"

[E] 5xt884B4AL, a : P<0.05; b : P<0.010

2.4 4RI GPR30. EGFR. STAT3 1 ERK mRNA &RiX
KFE

RFE24hf5, B E4H GPR30. EGFR mRNARYR
KKFELLRERERITFER X (F=30.102, P<0.01;
F=19.224, P<0.01) , ELF1100. 400 ug/mLIE%H GPR30
MRNA Az 400 pg/mL 57 2 28 EGFR mRNA 5BE 21K T3¢
FBLH, S E%H STAT3. ERK mRNA FYFRIRK T L&
S B %1t ¥ B X (F=34.656, P<0.01 ; F=50.879, P<
0.01), H #1100, 400 pg/mL 7! £ £H STAT3. ERK mRNA
KR EETXIERA, WE 3,

0.9

COGPR30
08| |mEGFR

07| | mSTAT3 .
EERK

0.6
0.5

0.3
0.2 a b
0.1

MRNAABRT FRIRIK

STERZH 25 100 400
COFsFEHIE (ug/mL)
(] 53488448, a : P<0.05 ; b : P<0.010

3 COFs#F 24h GARINEFHKILIR GPR30. EGFR.
STAT3 1 ERK mRNA BZR3EIKTE (xs)

3 T

HTREEANSEZIEIRESIR, CoFs BERA
BREENETHEFRRENNESSERYZ —, COFs
BEARENEEYR, NEHR. RFERESELE
MMEFRUENE, ENAZARBEYR, £
BN G HEAIERBGH N MRBIRENANE, S
INEEARARIR R, AT LE R B /~FE COFs ¥ £ 318 1050
BENAMRFEEEE THRIEE, 127 COFs XI FHI 4
MESEER.

NSRBI ERSHERIRMABRERS R
WEE. BREREERE AR BRI T 2,
EA—MEEMARET AR, BAUSBEETEY
R, MIAZIIMERZZMWOALIE, BRE. SY
E A FEARET, RGBT UEH
RIMEFRE/ R BN AR R T 2 57 EF 8T8 K
M08l A28 % TM 100, 400 ug/mL COFs 51| & 4B Fi i
MEBATRPESFIERA, R —EFE COFs 7]
ESTRARET.

IR ASRIRR, shYIshBABEE ST EH
FFER-E&-IPRMEFENET, HRMEEER
BATXR, NEEEARRIER, M COFs X INE
PR BERSE AT IR E A D W
ERRBIATERNFMmE "™, 298 A 7 AL
s {EFIE COFs SEARMAEA £, MR KF LEF, &5
240 COFs A] S E,. PR KE T, AH—T 1
TECOFs SMM N 2 EZFRATIINEARN 2@ L T
BEm-#E-EHBTENER, ARLIOFRIGNE
P AAEINRS, EHRRT BN - EARNSBIET
TERBIERT, WEE CoFs X O 8 Fki 4R RE 53 3B =
BB, LERETR, &FIE COFsHE,. PEIZEK
T TBE, $27% COFs X BN B FMI ARG HiES M
BB, AI8E5S COoFs ESHRIAMAT S5Hi%, RN
EEER T, En POBEKFERSDWBILE X,
FSH. LH A ZBEAXRFTH SR W, BTINEE,. P&
FKTE, BEIASIAA FSH. LH SE M NEIMEFAELE ST
RIZARE e NG SRR AT, (B E Po 2 3RLE NN, 7E
FEEINAL B RAI RSP R IEEEER ), &6
RERETRESFELHBEBNABLRSG, FSH. LH
BEXKFUREREHRITFERNX, H—F IR COFs
TP E BiES M ER.

GPRIOZEE. MMM BEENEREK, BcE
BB ABRIEN LR Z— GPR30 T AP
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BREIVENFR AT, NRIERRRIRIER
FBAMRN N BERAFE R RN, EHAMRIEENETH
EEEBEEAY, L 4 RUMBEEFTEBYREEKS
GPRIOEEfE, FGERR=RAME NG MG,
Goy BUE SRR L, BEREAMERENERE
BERE, SHFEEa%REEKEF (heparin-
binding epidermal growth factor, HB-EGF) BYF# . HB-
EGFENEGFRIVECIA S EGFRRE S, G EER D H
ZRENEB MBS (mitogen activated protein kinase,
MAPK) , RIREWAEAIRY ERK, MTIIE IR EEE A c-fos
HIFRIA, RA(RHAAIEEMEKAARE AR ™,
EGFREBUE GPRIOBEAEERANEEER, EEN
S MAPK-ERK 3& 2. JAK-STAT i& 12 25, EGFR-STAT3 Al
EGFR-ERK S S BRI EME R BILE W 57 EH
T hEEEER, BRRE, REUJSHHES
Ko BEAEWIFIRIEMECIEIE 5GPRI0OE S, W
WEYA. FEARFE. EREHIE S, 5GPRI0AIFE
AR EZ Ko, Bia, FEIEL GPR30H ERK /Y
SHRRIEERAMWHRES BRLIEHMHERE
B2, RARERER, &= CoFs A8 GPR30.
EGFR mRNA 953X /K FEA R FXTEREE, COFs Fe35 5
= Y 25. 100. 400 pg/mL£H GPR30. EGFR mRNA & i&
KES B, R KF LI, ELLHEN GPR30. EGFR
mMRNAAJBES 5 T E, X SR E A A A KN A F A
TER ;, MIAREREE R, BEE Cors I 2 EH,
STAT3 1 ERK mRNA FZFRIXKFH E EFHi#E%S, BS53
RALLRERBYBERITER X, ELLHN coFs 7E57
ERE N A8 B % L STAT3 H ERK mRNA BYR
KKFFES T BRAAE 535,

ZER, ZIRRIET—EFEW COFs AIIE S
NRBRAMBAT SHn, FHAREFEIMP. 3
ZIKFETRE ; XEARFFMS L STAT3. ERK mRNA
HIZRIAKFEB X ; COFs 57 =9 25, 100, 400 ug/
mL 28 GPR30/EGFR mRNA FRIAFE 5 £, K FEHEEN,
132 7R GPR30/EGFR mRNABIBEE 5 T E, X IR B §hL
M E KM EZBRIAT. 18 COFs X Fki A8 A FI 52
M2 7% B GPR30O/EGFRRNT S, R TR E HMAEX
FIIEEH— T AR,
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