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[ 757 ] 95 A ARE R E B MEHP (0. 0.8. 4.0. 20.0. 100.0 umol/L) LA Kz 0.05 mmol/L 5 B2
(0A, BAMEITER) 3t HepG2 ARRERES 24, 48 h, AL - B85 NE HepG2 AR LA K AARE 1S
FREBPRTCEE. AREMREBR MEHP (0. 0.01. 1.0. 10.0. 100.0 umol/L) BBz 1 mmol/L
OA (FRMESTHR) 3t HepG2 AARBHITIE 6. 24, 48h, FAEREE PCRIZENABERNTCE
FABRXE K GPAM. AGPAT2. LPIN2. DGAT2 FJ mRNA ZRiA KT,

[Z5 ] SREMETIRLALLE | #23E 24 h, 1% 0.5 mmol/L OA B {E HepG2 4AfE L35 TG & &1 10,
20.0~100.0 umol/L MEHP #[1 0.5 mmol/L OA B fi HepG2 AR N TG & &= 1 Il (P<0.05) ; ZL3548h,
100.0 umol/L MEHP 1 0.5 mmol/L OA A { HepG2 4l il £ 55 TG & = 1% 5, 20.0~100.0 umol/L
MEHP F1 0.5 mmol/L OA ] {8 HepG2 I B N TG & = 1% /N (P<0.05), 5 [B 14 3 BR 40 kb 5%
1.0~100.0 umol/L MEHP %2 6 h, 100.0 umol/L MEHP %25 24 h LAz 10.0~100.0 umol/L MEHP 3¢
5 48h ¥ B] 1 HepG2 4BREMA GPAM mRNA BUFRIAKTFEHS (P<0.05) ; AEIRE MEHP 23 6.
24, 48h, AGPAT2 mRNA I FRIAKFIGFHE (P<0.05) ; 55 6. 24. 48h, LPIN2 mRNA RiA
7KE1E 10.0 100.0 umol/L MEHP FIEHI9FH (P<0.05) ; £F 6h, 10.0. 100 umol/L MEHP
fELARE N DGAT2 mRNA BIRIAKFEAS (P<0.05) ; F23FE 24h, XA 100.0 pmol/L MEHP B
DGAT2 mRNA RIXKFEFF (P<0.05) ; F3F 48h, MEHP REZFIE LAY A {F DGAT2 mRNA
RIXKFEFRE (P<0.05)0

[£518 ] BFIE MEHP RE 0] 5|2 HepG2 4AREA TG S 218 1N, SHATHMARE R Z=EL,
XA PRZRRBEZBECERE ; HepG2 4 ; =FiHH ; BBRER

Effects of mono(2-ethylhexyl) phthalate on triglyceride synthesis in HepG2 cells HE Zhen, BAI
Jian-ying, LI Yao-fu, JIANG Xue-xia, TAN Qing, XIA Na, YANG Shou-lin (Department of Environmental
Health, School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China)

Abstract:

[Objective] Phthalates is a kind of recognized environmental endocrine disruptors, and
its universal applications as a plasticizer allow various exposure pathways and have raised
increasing health concerns. Although available studies have reported its hepatotoxicity, the
specific mechanism requires further investigation. This study is designed to observe the effects
of mono(2-ethylhexyl) phthalate (MEHP) on triglyceride (TG) synthesis in HepG2 cells, and to
further assess the effects of MEHP on lipid metabolism.

[Methods] HepG2 cells were treated with various concentrations of MEHP (0, 0.8, 4.0, 20.0, and
100.0 umol/L) and 0.5 mmol/L oleic acid (OA, positive control) for 24 h and 48 h, respectively, and
detected for intra- and extra-hepatocellular TG contents by chemical-enzymatic method. HepG2
cells were treated with various concentrations of MEHP (0, 0.01, 1.0, 10.0, and 100.0 umol/L) and
1mmol/L OA (positive control) for 6h, 24 h, and 48 h, respectively, and measured for the mRNA
expression levels of genes related to TG synthesis by real-time quantitative PCR, including GPAM,
AGPAT2, LPIN2, and DGAT2.

[Results] Compared with the negative control group, after 24 h treatment, only the 0.5 pumol/L
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OA significantly increased the extra-hepatocellular TG contents, and the 20-100 umol/L MEHP and the 0.5 umol/L OA significantly increased
the intra-hepatocellular TG contents (P<0.05); after 48 h treatment, the 100.0 umol/L MEHP and the 0.5 umol/L OA significantly increased
the extra-hepatocellular TG contents, and the 20.0-100.0 umol/L MEHP and 0.5 umol/L OA significantly increased the intra-hepatocellular TG
contents (P<0.05). Compared with the negative control group, the mRNA expression levels of GPAM were increased in HepG2 cells treated
with 1.0-100.0 pumol/L MEHP for 6 h, 100.0 umol/L MEHP for 24 h, and 10.0-100.0 umol/L MEHP for 48 h (P<0.05); the mRNA expression levels
of AGPAT2 were increased after exposure to all designed concentrations of MEHP for 6, 24, and 48 h (P<0.05); the mRNA expression levels
of LPIN2 were increased after 10.0-100.0 umol/L MEHP exposure for 6, 24, and 48 h (P<0.05); the mRNA expression levels of DGAT2 were
increased after being treated with 10.0-100.0 umol/L MEHP for 6 h, 100.0 umol/L MEHP for 24 h, and 0.01-100.0 umol/L MEHP for 48 h (P<0.05).

[Conclusion] High concentrations of MEHP can increase TG contents in HepG2 cells, leading to lipid metabolism disorder.

Keywords: mono(2-ethylhexyl) phthalate; HepG2 cell; triglyceride; lipid accumulation
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(2-Z& 2 &) & (diethylhexyl phthalate, DEHP) @B
HIAERABN AR ZH4E — RERAS K IL B,
BRI EARIIARERAD BT BT
DEHP SREWERBINERNRES, TEE IR
RS FZER, DEHP 13 MEBRI PRI R, HITFIE
SR 5 B, [ERY, DEHP A] LI HLE. MEIRiE. &%
BrEIR. BRI E Z A AN, FEERRA
WR—MESHNREY — PR _RRPEZECE
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BOSENEYITE. SRTHEAR LI, MEHP REH
3T HepG2 ARRLIEHBINHIER, HEEHENFIZ
MNKFR Y, ZIMAREIESS, DEHP KEIRFIERE
At AR RIS A REENRSE, E6HE
HEBEABSMH ., RESH " LUIRFSHESE >,
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KGRI AR, Ak, 25HF 5K LBFARE HepG2
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1 ME57EZE
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REBO (NREVMETRRERERAE, PE),

BX51 2 & 27335 (Olympus, B7S) , YGC-96 UMY (A
HHIRRZERAE], RE), uv-2450 BUERIND HHE
X (EBMENEBEIRAE, FE), Line Gene9s00 2%
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(IEREFEATBRAG, PE), BREBES. BCA
ERREERNE (XELEEMIEGRAE,
FE), RRE. 2k 2B 86, 28 (REEFER
FI=J", HE) , RNAiso Plus. EEFIAFE PrimerScript
RT MASTER Mix. SYBR®Premix Ex TagTM || (TakaRa, H[H) ,
PCRE|IY) (£ TEMIEBRAE, FE),
1.2 ZHpEIEA

18 AR HepG2 AR (W E HE LS4
EYIFIEFR) BT S 10% ((FFROE0) R IER
DMEM Se21EFFE, F37°C. 5%C0, ((AFA ) 1B
APIESR, SRER—NIEHRE, RRETHARE L
XA KHAR AR 1T IHE— P LI, & MEHP A
F_HEITMN, BEEE R 500 mmol/LTEER, FHNB
AT DMEM T2 A E R HHITIER. Hi8E 6
24 17 PAUXNRA (EeERE), 11 MR
28 (CHER, oleic acid, OA) , 4 1> MEHP &b IE 28 (MEHP
AEHELRSEFARMBRER . RAATH
MTT ARESE S MSEI0 ¥ U RITRFE AR REK
FIESRIRE "),
1.3 HepG2 AR TG 2ERVNE

TR F XA KRR, AR S ENMARE
EHiEMTFerlikd, SAH8NFIT, EF 24059
$1L0.8. 4.0. 20.0. 100.0 pmol/L MEHP #{TZ#E 24 h
fagh, BEAR EERATFUELBERTICEE. A
1xPBS & R E AR 108, SFLIDN 2mL PBS & /4
&, BREMITHIRARER. EP 1mlABERAZ
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EMERERE (BCA) EHITERTEE, FIM 1 mL AR
ETCHEE, NEMEHNDTCEER, BB 2mL
FRE-Sk-KEER (ERLkA80:20:2) ME
EAMCFRIREIAE T, 3 250 ul WA ERINZE &
RIFEE R, B EFRE 30 min, Fid B H AN 500 pL
oht- CBEER (KRR A1 1), REZEFRMA
ImLEIEK, BHEEE 10min BEEIKESENERS
NE. xEMEEENAEFEUE 400 uL E FIRIFIE IR
EFIRS, ARWNIRTE R, KRR T16IAFIETAX
BHFE- i BZAARRNE EERTCEE, R
R PEREH BN ESR, HEBERBRNITER
Z10pL MIANFIREBIXE . MR THEF RIFE
ERMA 0L =& K, BEtMERMERIFEEFR
HMAN190uL TYE& (R1:R2=4: 1), Mig&F37°C
BRI FHIEFRAETFS 10 min, HREFBEL150 ul FI
BERART 96 FLEBARIR A, 1£550 nm KN E
HZE (D). MEANELERBELREHITRIE,
1.4 HepG2 4ifiN TG & MEXEEFRALNE

B F T8 AE KA AT T 6 FLIR, AEE4A
FIZRRE 7 3x108mL % LL0.01. 1.0« 10.0. 100.0 pmol/L BY
REHITRE, S PNLRAIRE=PMFITXE, 9558
35 6. 24. 48h, Trizol ;AITRENAAE S RNA, SARRERINS
F¢FEEEAN352EY RNA 7E 260 nm A 280 nm &89 DB K&
BILLER, R RNA BILEEFNREE (R=Daso/Daso) o FB
M R FIEHIT DNAWE L, EK EHITIRE
HH 5xPrimeScript RT Master Mix izl 7| ;2 ¥ R & B cDNA,
A J& 1 cONA TN 5 IO 7 it 74 M RNA B BY SYBR Green
Premix Ex Taq I3E &, FASEAYEE PCRIETE BIOER Line
gene 9600 FF QM A %X B A ERFFHITIHEM, &
RETHIEER 60°CiR A F 40 NMEIF, EESIYFET
WK 1, MR, B—FIEAMERMINETL, RN

1

&1 KHEEPCR3IYIFS

Table 1 Primer sequences for real-time quantitative PCR
E[& (Gene)

5191%%! (Primer sequence, 5'-3')

B-actin 1E[ (Forward) : TGGCACCCAGCACAATGAA
18 (Reverse) : CTAAGTCATAGTCCGCCTAGAAGCA
GPAM 1EM@ (Forward) : TGATTGCAAATCTGGCTGAG

& [A (Reverse) : AGATCAATTCCCTGCCTGTG

AGPAT2 1EM (Forward) : GTCACAGTGCAGGTGCTGGAAG
& 1A (Reverse) : TGGAGATGTGGAGGAAGGTGGTC

LPIN2 1EM@ (Forward) : AATCAACGGCAGTGCAGTGGATC
@ (Reverse) : AATTGGTGAGGTGGCAAGGTAAGC

DGAT2 1EM (Forward) : CCTGGCAAGAATGCAGTCAC

&[A (Reverse) : GGCGAAACCAATGTATTTCTGGA

SRERIANT ISR M A RERLE, BY e B FIME,
BRAAR 2 I+ EZERNENRIAE,
1.5 HitF9R

KIOEIE LU xxs BIFZ TR, KA SPSS 18.0 3
S EIBHITRITF DT, ZABLRERAERRSE
DI BRIEFEST, ALSDRIHITABMMELIR ;
= SEFEARTE, MK A Games-Howell 12538, #2IG7K
/9 a=0.05,

2 4
2.1 X TGCEEMF M

HFR20JEB Y, SHEMIBALLL, 25 24h,
1% 0.5 mmol/L OA B] {§ HepG2 4B LB TG & =18 0,
20.0~100.0 pmol/L MEHP. 0.5 mmol/L OA A fs& HepG2 4
TG E £ 1L 0 (P<0.05), Z* 5 48h, 100.0 umol/L
MEHP 1 0.5 mmol/L OA B] fE HepG2 4 il L FTGE &
110, 20.0~100.0 umol/L MEHP #1 0.5 umol/L OA B f#
HepG2 BRI TG 2 &1L 10 (P<0.05),

R2 FEIRE MEHP #5353 HepG2 IR LER TG EE
BISZME (x+s, n=8, mmol/g)
Table 2 Effects of MEHP at designed concentrations on the intra-
and extra-hepatocellular TG levels in HepG2 cells

e P L

285 Intra-hepatocellular Extra-hepatocellular

Group

24h 48h 24h 48h
MEST R

A lw‘g.j"“ 0.26+0.01 0.43+0.02 0.20£0.01 0.13+0.02
Negative control
0.8 umol/L MEHP 0.31+0.08 0.62+0.06 0.17+0.01 0.16+0.01
4.0pumol/L MEHP 0.35+0.04 0.660.02 0.18+0.01 0.16+0.02
20.0umol/L MEHP 0.48+0.08" 1.00£0.33" 0.19+0.03 0.16+0.02
100.0 umol/LMEHP 0.54+0.11" 1.13+0.25" 0.17+0.04 0.17+0.02"
0.5mmol/L OA 0.60+0.08" 2.16+0.40" 0.26+0.03" 0.18+0.02"
F 5.794 19.14 3.744 15.925
P 0.003 <0.001 0.020 <0.001

U] = : SEAMXTERALLER, P<0.05,

[Note] *: Compared with the negative control group, P<0.05.

2.2 ¥ TG &EXERE mRNA RERIF M

221 GPAM  SFRAMESYER4H EE 3R, 1.0~ 100 umol/L
MEHP Z2 3 6 h, 100 pmol/L MEHP 23 24 h A &2 10.0~
100.0 umol/L MEHP 3¢ 2 48 h 13 A] {& HepG2 4l 8 ;N
GPAM mRNA FIZRIAKFEFHE (P<0.05) (Bl 1A),

2.2.2 AGPAT2 FlLPiN2  SFAMSTIRALLE, AERK
FE MEHP ¢ &5 6. 24. 48 h, AGPAT2 mRNA & 1A 7K
¥HE (P<0.05) (Bl1B). SPAMXTERALLER, 10.0.
100.0 umol/L MEHP 2t & 6. 24. 48h ¥ fE LPIN2 mRNA
FRIXKFEFAE (P<0.05) (Bl1C),
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223 DGAT2 SPRMITERALLER, F&F 6hBY, 10.0.
100.0 umol/L MEHP 3] ] {# DGAT2 mRNA 7% iX 7K F F+

= (P<0.05) ; REREAR 2405, X8 100 umol/L

MEHP 15 40 Bl [N DGAT2 mRNABI RIX K FEFH 5 (P<
0.05) ; HHEMEIAZI48h, 0.01~100 umol/L MEHP 13
B]fsE DGAT2 mRNA BYFRIAKFFE (P<0.05) (Bl1D),

2.0 3.5
1 8 * *
: 1T 3.0 -
1.6 x T <,
< * . * X 5
B 14 T T | T § .
T 1.2 « 2.0 . o N N
o T T < o -
S 1.0 T T - N ! *
S = 15 * : T o« *
< 0.8 < * - . . -
& 06 10|l - T
0.4 <
! 0.5
0.2
0.0 ! ! ! ! ! ] 0.0 L . . . . .
PRI4XYEE 1 mmol/L 0.01 pmol/L 1 pmol/L 10 pmol/L 100 umol/L BRM4SYER 1 mmol/L 0.01 umol/L 1 pmol/L 10 pmol/L 100 umol/L
Negative control ~ OA MEHP MEHP MEHP MEHP Negative control ~ OA MEHP MEHP MEHP MEHP
1.8 3.0 0
1.6 * @ T
' : 2 W T 2.5
1.4 = « T *
- « 1 . " * T < T *
£12 T - = T £ 20 LT
3 1.0 T e © Y x
@ ! <15 2 -1 5 =
308 N . 1 77
2
o6 3 10 =
o4 ° 0.5
0.2 :
00 ! ! ! | ! | 00 ! ! ! ! ! |
BAM4XTER 1 mmol/L 0.01 umol/L 1 pmol/L 10 pmol/L 100 pmol/L BAM4RYEE 1 mmol/L 0.01 umol/L 1 pmol/L 10 pmol/L 100 umol/L
Negative control ~ OA MEHP MEHP MEHP MEHP Negative control ~ OA MEHP MEHP MEHP MEHP
W6h 24h 48h

X1 A : GPAM ; B : AGPAT2 ; C : LPIN2 ; D : DGAT2, * : SPRMERTERLAAELL, P<0.05,
[Note] A: GPAM; B: AGPAT2; C: LPIN2; D: DGAT2. *: Compared with the negative control group, P<0.05.
1 MEHP 3 HepG2 4Hffl TG & B EXEEFREKFHI M

Figure 1 Effects of MEHP treatment on the mRNA expression levels of genes related to triglyceride synthesis in HepG2 cells
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TG RVAEEERNEEY R, X FRREA ™EK
REEBRERHLRLAALDE, T6 ERMEEFENZE
&L, A N0 ME &R FERFEMN MAS = 5 0 7 =
Mol BB EIR, Te AR EEED BRI H HER
MZBEEhER ™, HE—EEEREBRET/ AR
FEARRR ™, MEHZEREN L EE RS A
Bch, WEFARARANBEAHAARR ), HIH-3- BiERES FUER
HEREEERTZEN, 8T HERTRNBEREE
. HH-3-HERME LB (glycerol-3-phosphate
acyltransferases, GPATs) ‘2 TG & L BY 56 — & = [,
e -3- B EA MBS A B B - 1 B8 A R BB B AR
2 (lysophosphatidic acid, LPA) , RE H &k fi (KT &Y
GPAM TERERFALR & 2R, BERFIEA & GPATs
BIEMRI50% Y, 12 GPAM BIRER TR 2 5 16
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N GPAM mRNARIAKFEFHE, IRIRTGERHE—
R NAEE B E. WS LPAFIBERRELR & - tHES A 7T
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AGPAT2 Z FIX TR BALH AR . BFREFD OO 1, AGPAT2
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MEHP 2B 5, AGPAT2 mRNA XK FIER FI &A1Y
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BEMNER, XMHEXRE2UNRNRIUFBHEE, I#F
MEHP B] 820 HepG2 4RRE N TG B & Fllo

BEJS, lipin U EREFR R REER &, 4 AY DAG,
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