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B DIAEES X DEHP I 24 2 RS2 /MNR TR R0 RP1E B

JEIAE B L 5K

BE BBy FITEIERR (OCA) XF4RZE R — (2-2 %
C.3E) i ( DEHP) 2 # SN RARTHR R E . FiE
SR — KN ICR /NRRENL Sy 3 4. X B4 . DEHP
fEFI B[ 50 mg/ (kg - d) ] .DEHP 77841200 mg/ (kg -
d) ], EHEE 18 d, FST IR EUREAY S S g — R
ICR /NERBENL M 4 241 % B4 OCA 41 . DEHP A4 [ 200
mg/ (kg + d) ] . DEHP + OCA 4, 7 18 d, Hp OCA HEE
R 2R 12 ~ 18 K WCAE BT A /I BRI R 5 JFFIDE 2 21, A i
MIETH & MR E B (ALT) . R ZA R A LB
(AST) B HEER (TBA ) 7K A1 JFHE H AG TBA 7K SF- 5 &0 fF
WEH L JEBE X SZ K (FXR) (YR A #3A KT LA B FXR
JE SHP 1Y mRNA 7K, HE 42 €0 X2 JHF 1k 20 2% B AR 1k,
R LR — . 5X A L, {X DEHP 55 i 21 55 R R /D
ORI o £ | JHF B 6 55 I 335 A0 IR TBA AKSF- T (P <
0.01) , &M F 7 DEHP 288 7] T 200 BALH AR, S0
.5 DEHP BiRIZH AR LL, OCA &b BES FOF ML B & P 48
B0 R AR AR B9 TBA KX BEAIR(P <0.01) , 5% R4
A, DEHP[ 200 mg/ (kg « d) J4bBH)S FXR [3E [ # A KT
A mRNA ZKF- R AE ; 5 DEHP BiBUZHAH 1L, OCA b3S
FXR Y2 5K L & FXR (SHP 5 mRNA 7K SF 274 i
(P<0.05), £ DEHP £ %S/ SUHTT IR A T 15
Hif & E, H OCA J5 b3R5 DEHP 75 5 (%708 BRI 31 AR
A ER

KA AR W T (2-Z 3 FE) B ; B DU HER ; E TR
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JE D RRUR: H A o Jir LR 5 1 A A R Y5 43
A B £ 1 5 SO B AR AR B
FETHIRBR R A A v M MEVRR st A% S R 45 22 Fil K]
E, PR THER . (2-4FC FE) i [ di (2-ethylhex-
yl) phthalate, DEHP ] J2& 2B & — H iR fi ( phthalates,
PAEs) " T d 32 B 38 S35, A3 v i)z ]
T4 FpEEL RS R B0 DEHP Al 3E i A Ak R
VORI 9 A S S8 %ot JFF O 7= 26 B AR T, 9 A I IR
WF5E R LA ] &4 DEHP 1 5 80 7] 2 58
IR IR AR A X RE IR AR 45 03, E Il
RIBST A TR, 2T T 0YA e LA IH R
(ursodeoxychofic acid, UDCA ) FIIRHF R MRS 4R
T T AR AR I B I A AR I RR T T RCR
P4 DUHFR ( obeticholic acid, OCA ) f&—FpiE#M:2: e
i X i"ﬁi( farnesoid X receptor, FXR) a5 , TE
TR AR T R HEE EEMEMT . R R
FEYRFE DEHP Z:8 SRR SC R L& OCA J&
A PRA PRI AE T

1 ST

1.1 ##

1.1.1 %34 Mk ICR /MR8 FikE,26 ~ 30
g, SPF ¢ W T At 5t 2 38 1) 4 S 50 sl 0 B R A RS
Al /NEUR IR IS B PR R R AE (25
1)°C W EARIRLE (55 £5) % , S IT B TR/ B
NEPERIFRE T o ASWESE T A0 2 55 9 38 2 ad i
CHER R F Y Z RS F A (RS,
20200523) .

1.1.2 £ZRXA  KRITZARA I W (aspar-

0.05) , while p62 protein, IRS-1 protein, Akt phosphorylation level, GLUT4 protein expression level and glucose

uptake ability decreased (P <0.05), while the above autophagy markers in MIF + CQ group were significantly

higher than those in MIF group (P <0.05), and the protein related to insulin signal transduction and glucose up-

take increased (P <0.05). Conclusion MIF may promote IR development in PCOS patients by up-regulating the

autophagy level of granulosa cells, while inhibiting the autophagy of granulosa cells can improve MIF-induced IR.
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tate aminotransferase , AST) TN 2 ik 4 FE 5 #2 1 ( ala-
nine aminotransferase, ALT) | J\ JH 71 B2 ( total bile
acid, TBA ) 1071 & 0 T Wi YL A AE D HE AR BRA
Al ; DEHP W F 36 [ Bk 5 /A 7l ; OCA W T 22 E Med-
ChemExpress /A A ; FXR $TAR M T [E Abcam 23 A ,
1.1.3 £ Z2ME #Bai/K{L (K5 . Cascada TM 1)
WA F 35 [ 151 R A W) s Z D) BERpR X (7455 . SENERGY
2) 3L EAB AL SR A v DOt 5 PCR AL (AL,
Light Cycle ® 480 I ) W 512 [RAH] ;42 H h/E
AEA BTN ( ALS . CS-T300 ) WA T K 4 duht Fiig 12 77 BF B¢
JBetn A BR 2 7] 5 GSY-8 H #ATE TR K s i (L%« AL-
LEGRA X-15 R) W Tt mi i BEI7F &) i s
BLDHL( B 5427 R) W T 18 B SCATE By A Wl
1EH# £ U RE 2¢O i Ee (1Y BX 53 + DP 80 +
Cellsens) 14 F H A< BEARELHT 28 A

1.2 7

1.2.1 sy baE  LK— KN ICR /)
LB HLA> K % BEZH  DEHP IG5 & 2H [ 50 me/ (kg -
d) ] .DEHP &5 41[ 200 mg/ (kg - d) ], 54 10
HOHGESE 18 d, A /NRIEFI R B ATZEE 6 h,
WA R ARGV T 5 225080, S50 — % M
P ICR /INER BEAIL 43 X B OCA B T 4 (5
mg/kg) DEHP 554 [ 200 mg/ (kg + d) ] .DEHP +
OCA 41,541 10 H,HL#EH 18 d, DEHP ¥ & B[]
SRR L9 &, 0CA Huph T Hi41 Fl DEHP + OCA
ZHH OCA BEBWHE] N 12 ~ 18 R RE |7 4,
FEfJ5—IK DEHP # B 25 W E 256 6 h HIREUM
WACAE I RN A 2 U T I R S

1.2.2 s Asbm (A S BT AU I il 3
Fi ALT AST .TBA &1,

1.2.3 JFMEZL4 TBA M & HEFIFKE 100 mg /D
BUFIEZHZY, A 1 ml 75% 2 BEIR AT 4412
W, Z LS 50 C KIS 2 h, SR G B OL
L1 9 000 r/min B> 10 min, WH EWE W, A5
BRI,

1.2.4 Western blot #m & & & & FREUN B BE
ZHE150 mg, A 500 wl 2L itk 6 AP IR AIF S s il A 4
CVKFEZLA 30 min, B0 ARG A (8 FHEEHR 4G
R PRI T E R, BV 2 SDS-PAGE HLJk
O3B EEIEE] PVDF [ L, FH 5% Billg 4R 30 1 h,
FIREE —PLFXR —HIHE 1 2 000,2 h; GAP-
DH —HiWEE 1 :5000,1 h], FHAEN 30 (1 -
40 000) Z=iRFE 2 h, i ECL b2 &6 &
TERFAL B, H Image J 3K 8 H 550, 1T

HEARLE,

1.2.5 RT-PCR #&m48 %A B KA TRlzol %42
ICHFIE RNA K BT AT BE B RNA RF 50 B 5 1
£ 500 ng/pl 30055 5% B DNA | 2 J5 EATH 38 )N,
YEH 18S fE NS IEH  TT5 FXR /Nt R IR AEB
(small heterodimer partner, SHP) il 18S #Z A& RNA
(18S ribosomal RNA | 18S) FE K A X ik K-, Jk
515 & 1,

1.2.6 AFIEZAL00% B LR K/ BT & T 24
BUHN 4% 22 T W 1 0 PR v Ak 1 2 L R
PRIEE 24 b, #E47BK AR IE0) R 18 2 J5 , B 95
AKE - AL (HE) Yoo, 76 B NS IR,
1.3 S48 R SPSS 23. 0 M4k #1748
HOHT, S5 R LR + b 2s (v 25) Fm, &
LRI LR B O 22 43 A F E AT 55 )5 SNK PG L
B KK HE o =0. 05,

F1 EEBSIMFT

HHZ 514750 (5'3")
185 ¥ GTAACCCGTTGAACCCCATT
T . CCATCCAATCGGTAGTAGCG
FXR 3% : TCCAGGGTTTCAGACACTGG
T GCCGAACGAAGAAACATGG
SHP Ei#: CAGCGCTGCCTGGAGTCT
T . AGGATCGTGCCCTTCAGGTA
2 #R
2.1 DEHP ZEX/MRIFERELFERHNZ
M &1 R AESL g —vr, 5XF A A L, DEHP

ARG A/ BRI o i R I B 6 B0 B AR Ak, 25
STG 2 E L (P >0.05), DEHP &5 & 41 /) K,
JF I o 2 S I B S B, 2 A Geit2E (P <
0.01) .

2.2 DEHP ZEX&HA/NRMFRFRAREN
SR R 2 P ELR—, 5X A
It , DEHP IG5 & 2 /N BRI H ALT L AST \ TBA FIAT
NE L TBA AKCFA RO A 22 R ¥ g it
B (P>0.05) ; 5XF BALAH L, DEHP &5 i 4/
BRUMLYE T ALT AST ZK-F i (H 22 = e ge i
BN (P>0.05) ; 5XFRALA L, DEHP 5577 41
FR/N BT 5 R 2200 TBA 7K S35 35 T, I
BSR4 2 TBA 25T T 3 £ f 2 1544,
EZRAZRITFEL(P<0.05),

2.3 DEHP ZEEXW&H/NMNRIFALREFZHNZID
1BS WK 2 Jis  AESE g —vr X B2 v R4
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ZULER) 5% DEHP IR 41/ RUF U85/ e
A AR 402, DEHP #5571 8 26 /)N BRUFF 4 270 rp il Dyl A
XY K, R AT DL S AR s Ak | RRAE & B TP /D
R MEYNIZE
2.4 OCA EREXNEH/NBFERERFERH
IR QKL 3 FTR L TESCE o, S AT AE
DEHP A A2 /)N BRI 5 2 AT 364 #5088 n, 25 5
HEiT23 8 L (P <0.01); 5 DEHP % 41 4 L.,
DEHP + OCA 1 /)N B I J5it 2t 0 26 48 B AR, 22
SAGITFEE (P <0.05),
2.5 OCA EREXZE/NRMERFEALEN
SR WK 3 o 7ERm T, 5 XA A
I, DEHP BRI /N RIS HY ALT | AST /K52
I, S IHGH¥m X (P >0.05) , 5 H il 37 F i e

o TBA ZKSF- B S Fh i, 3 5 AP 4L 23 TBA 1
Am T 22, ZR A% E X (P<0.05,P <
0.01) ;5 DEHP Bi7UZH AH L, DEHP + OCA 4 /)N i,
I3 FHAEH TBA ZKSFREAK, 2 5 A Gt E (P
<0.05,P<0.01),

2.6 OCA FREX&H/NRITALREFHF N
R WA 4 R AR g o X RRZE S OCA 1R
I TRZH /N B2 245 40 58 3%, DEHP B AU 21 /) i)
JFZRZUR AT DA XK, IR AR TR DL R IR 1S A
JIRAE? J) BB A A /0 2 2% 1 40 M 3=V, DEHP + OCA 4
IN U TS 25 2540 i 2 0l

2.7 OCA Zf# DEHP ZZXIFTAEF FXR AIH]
ER K5 FroR . FESEg b, 5 LA 1L,
DEHP[ 200 mg/ (kg - d) ] Z282 5 . & 035l /)N B

A, B 0.08
sk
skek

—_ T

o0

i ﬁ T ——

W1 > 0.04 F

=g il

&= &=

0 0 - - —.
XHE4]  DEHPK/T&4] DEHP & &4l XPREZH DEHPR/ &4 DEHPE &L
E1 FAMRFERERFERH
A JFIERT i B AT S E SXF IR AL * * P <0. 01
Fx2 HBHNRMFRAFEARENIER(x£5,n=10)
251 ALT(U/L) AST(U/L) 135 TBA ( pmol/L) JFME TBA ((pmol/g)
poilsl 36.07 +1.71 123.80 +2.80 3.45 +0.53 12.86 £1.99
DEHP {5 2= 37.46 +1.69 126.74 £3.86 4.55£0.45 13.74 +1.68
DEHP & 74 37.60 £0.76 132.10 £7. 16 10.64 £2.16 "~ 21.98 £2.59
F 14 0.349 0. 605 7.105 5.465
P1iH 0.710 0.553 0.005 0.014
XA L * P <0.05, % * P <0.01
A B C

B2 HAMRIFEARRKRET HE x400
A XTHE4L;B. DEHP IG5 &41;C. DEHP & &4l
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A2 B 0.06 oo
*k e el #
0T # —_

T

o T T 0.04 |

= 2

=SS

& o

H= o

= 0.02 |

0 0
a b c d a b c d

3 OCA GREXNEH/NIFERERFERL
A HFREFHE B, IFEFEE;a: XML ;b: OCA Bl T4l ;. DEHP B4 ;d. DEHP + OCA 41 ; 5*% M4 b#e. ** P <0.01;5 DEHP
MR LS. P <0.05

£33 OCAREFREZA/NMRMFERIFHEBLEENIEIR(x+5,n=10)

215 ALT(U/L) AST(U/L) I3 TBA ( wmol/L) JFHE TBA ((pmol/g)
X R 37.79 +2.05 124.00 +6.27 4.34 £1.00 11.97 +1.66
OCA il 7 36.01 =£1.56 124.35 £5.02 4.84 £0.40 13.53 +2.17
DEHP 5% 38.00 +0.91 131.70 +4.35 10.12 £2.29* 24.68 £2.39 " "
DEHP + OCA 37.11 +1.33 126.60 +6.85 8.02 £1.13* 16.19 £1.28%
F 1 0.325 0.394 3.731 8.510

P1A 0.807 0.759 0.023 0.001

5% A * P <0.01, " * P <0.01; 5 DEHP BRI [h#5 . *P <0. 05, P <0. 01

A B C D

E4 FAPMRFFALAKRETHL HE x400
A XTHRZL;B. OCA ¥l T74];C. DEHP #5141 ;D DEHP + OCA 41

A a b c d
FXR
GAPDH
:E; 151 S D s
% @2 oot
1ot # s i i
*® ek = LOF =15t
= < * fer=
= < < #
= Z Z 10+
T o5} 2 os) L
{j ~ & 05}
> s T
[ R~ n
0 0 0
a b c d a b c d a b c d

E 5 OCA 54 E#iE FXR/SHP 15 S5
A Western blot #4520 /N AT IE4H 24 FXR ﬁEUJ(EfZ;B;FXR EEI?FEXﬁ%i?kﬂF;C:%?H/J\ BUAT I ZH 21 /P FXR mRNA 7J<EF;D:§‘2H/]\
FUFAEZL 21 SHP mRNA 7K ;a. X HR4L ;b OCA Bl T4l ;c. DEHP 54141 ;d. DEHP + OCA 41; 5XF R4l Lb#. * P <0.05,* * P <0.01;5
DEHP #8140 b4 . # P <0. 05
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HA FXR EHRB, ZRAZRITFE L (P <
0.01) ;5 DEHP #i A 41 AH b, DEHP + OCA 4 /) K,
JFREZHZY FXR 8 R IAAKET R, Z R A5 E
X(P<0.05), H5XM44H K, DEHP[ 200 mg/
(kg - d) ]RGN RAFIEA 20 FXR B H 0 5L
SHP /) mRNA JK-F-HJ A ; 5 DEHP A2 A
DEHP + OCA /N IEA 21 FXR,SHP ) mR-
NA KT, ZRA S FE L (P<0.05),

3 itig

R IR — B R UL T A R G , H RS
SR IR S R R ) 7 vk R A AR
AR 25 FL TR A A8 3k =20 b B it
TR TORE B 50— B PF 8 A o, F2 AR 1l v A=
A4t FE RN 2 ST 25 24 K A o I 7 2 75 & A JE T Ut

LT AT IR PR VA T v S W A B e 22—
HAr TBA > 10 wmol/L #] A 4 BH T i B B 12 B A
o

DEHP W] 1o 2 F 2 58 i 12 i A NP A0 4
F1 i i R RIS . DEHP 8 A 202
SLEURER 7B P NN NN R T & SRR ST PN
PR, FE—SEREER TAE AHE, an ikl T A
AR TN GG LA SR 2l Akt b i 2o e v
DEHP MR RO Lmm i 1 K HE %4
Fik, DEHP YRR —F G 0 il TR K 01 2 R
SRR MRS ARG AR E BN
F PATRE LA K JHF | B FEUR B R0 45 22 A 48 B Y 3
PENO D AER BB K DEHP K AR =Y
IR K i dgdn . L, #5r DEHP 5%
HR IR R Sh PR IR AT A5 R 2 5 iR 7Dt

R Z A e R A B E L, AR ER

DEHP % &% T ICR /MR, & Bl DEHP 282 )5 5
NI KA, Z G B e RE T DE-
HP 50,200 mg/ (kg - d) PiFpZR R 255k 1
DEHP 2754 200 mg/ (kg - d) B, /)5 U
s P EFEEIS TR, DL S5 AL 2R T R
P TR Hoh g TBA KA B 7% BRZH T
T3ELEA, S AW EES R, $78 DEHP[ 200 mg/
(kg + d) ] BFEESFECUNRIRTHRFAG &4 0 i
BRI

HAl OCA FEZA/ENE X UDCA R A
BT 52 A4 B A SR P R M A 4K ( primary bili-
ary cirrhosis, PBC) BB A IRRFZE Y B 0CA
AR PBC ARH W IR AR HEME  ASBEIE R 4G T

OCA Ab¥H J5 , & P DEHP + OCA #H /]> B4 BT I J5i
i FE RS HC M S5 AR Z T Y TBA /KP4 i
e RRAR AL LA 20 20 B2 SR 45 I I Gy |
OCA J54bFEXF DEHP[ 200 mg/ (kg - d) | AT
AR IABRA 25 B PR PP T, T FXR 2 PR
TR R 45 Hp %) &SRR Y 0], FXR R H i 3
SHP FENRTHRR G 1 o0 il LA B e iz aot A v 24 3]
SRR A, FXR 76 3% 28 5 A5 v 1 0115 SR ]
AE2 FEURTHIABURIBE IS A BRI AR B9
45918 78 DEHP[ 200 mg/ (kg + d) JALFE IR /NUTFIE
HLh FXR & 1 M H mRNA 9 £ 58 AL, B
OCA Zb3J5 FXR M8 HFRIA KA FXR S
SHP 1) mRNA ik & % 0] i 75, R U] DEHP
[200 mg/ (kg - d) ] F 285 T B IR LR & A ]
AESMH] FXR K354 5C, M OCA 14 J5 Ak 2w i i
B FXR K HARIL ] SHP 9 26 15, it 14 42 AR 7T
AR A, X DEHP 75 S A9 AR IR B4 B4
RSP h R BT DEHP 2525 S50
ANEEIHR R & 4, H OCA J5 4L BEXT DEHP %55
SRR SRR . JAFSEA B TR H &
A T R A R PR AR 99 B T D R A X R
FURIRYT 2003 1 B B% {0 DEHP 5 2% )5 T 8RR
THRFEARHLHIE T 2 — 25883
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Protective effect of obeticholic acid on cholestasis induced

by subacute exposure to DEHP in mice
Qu Mingchao', Zhao Fan', Zhang Cheng’, Zhang Jiayi', Ye Lu', Zhang Lun', Yu Yun', Wang Jianqing'
('Dept of Pharmacy, The Fourth Affiliated Hospital of Anhui Medical University, Hefei 230012;
*Dept of Toxicology ,School of Public Health, Anhui Medical University, Key Laboratory
of Environmental Toxicology of Anhui Higher Education Institutes, Hefei 230032)

Abstract Objective To investigate the protective effect of obeticholic acid (OCA) on di(2-ethylhexyl) phthalate
(DEHP) -induced cholestasis in mice. Methods Animal experiment 1: Female ICR mice were randomly divided
into 3 groups: the control group, DEHP low-dose group [ 50 mg/ (kg + d) Jand DEHP high-dose group [ 200 mg/
(kg - d) ]. All mice were administered with DEHP by gavage for 18 days. Animal experiment 2 ; Female ICR mice
were randomly divided into 4 groups: the control group, OCA group, DEHP model group[ 200 mg/ (kg + d) ] and
DEHP + OCA group. All mice were administered with DEHP by gavage for 18 days and the duration of OCA was 12
— 18 days. Serum and liver tissues of mice were collected. Serum alanine aminotransferase ( ALT) , aspartate ami-
notransferase ( AST) , total bile acid (TBA) levels, liver TBA levels, protein expression of farnesoid X receptor
(FXR) and mRNA levels of FXR and SHP were detected. HE staining was used to observe the pathological chan-
ges in liver tissues. Results Experiment 1; Compared with the control group, the liver weight, liver coefficient
and the TBA concentrations in serum and liver significantly increased only in DEHP[ 200 mg/ (kg + d) | group(P
<0.01), indicating that the modeling was successful. Animal experiment 2: Compared with the DEHP model
group, the liver weight and liver coefficient significantly decreased after OCA treatment, and the TBA concentra-
tions in serum and liver both decreased (P <0.01). Compared with the control group, the protein expression level
and its mRNA level of FXR decreased after DEHP[ 200 mg/ (kg * d) ]Jtreatment; Compared with the DEHP model
group , the protein expression of FXR and the mRNA levels of FXR and SHP significantly increased after OCA treat-
ment( P <0.05). Conclusion DEHP exposure can induce cholestatic liver injury in mice, and OCA posttreat-
ment has a protective effect on DEHP-induced cholestasis in mice.

Key words di (2-ethylhexyl) phthalate; obeticholic acid; cholestasis



