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Effects of di(2-ethylhexyl) phthalate on apoptosis and oxidative stress of INS-1 cells QIN Jin, LI
Yi-ming, LIU Yu-wei, WU Min, CHEN Bo, LI Shu-guang (Key Laboratory of Public Health Safety of
Ministry of Education, Department of Nutrition and Food Hygiene, School of Public Health, Fudan
University, Shanghai 200032, China)

Abstract:

[Objective] Di(2-ethylhexyl) phthalate (DEHP), a representative plasticizer, is commonly used
in plastics production and widely present in environment. Epidemiological studies have proved
that DEHP is associated with the occurrence and development of diabetes, but the mechanism
research is exiguous. The current study is conducted to explore the oxidative stress and apoptosis
in rat islet B cells (INS-1 cells) induced by DEHP.

[Methods] INS-1 cells were cultured in vitro, following exposure to 30, 60, and 120 umol/L
DEHP for 24 h. MTT assay was used to measure the cell proliferation inhibition rate, and flow
cytometry for cell apoptosis. Cellular reactive oxygen species (ROS) generation was detected by 2’,
7’-dichlorodi-hydrofluorescein diacetate (DCFH-DA) method, the activity of superoxide dismutase
(SOD) by water soluble tetrazolium-8 (WST-8) method, reduced and oxidized glutathione (GSH
and GSSG) by 5, 5’-dithiobis-(2-nitrobenzoic acid) (DTNB) method, malondialdehyde (MDA)
by thiobarbituric acid (TBA) method, and mitochondrial membrane potential (MMP) by JC-1
staining. The cell apoptosis associated proteins, including Bax, Bcl-2, cytochrome C (Cyt-C),
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Caspase-3, and Caspase-9, were detected by Western blot after exposure to 60, 120, and 240 umol/L DEHP for 24 h.

[Results] The MTT and flow cytometry results showed that DEHP induced cell proliferation inhibition, and 120 umol/L DEHP caused
apoptosis (P<0.05). Compared with the control group, the cellular ROS fluorescence intensities in the 30, 60, and 120 pmol/L DEHP-
exposed cells increased by 13.9%, 20.7%, and 33.7%, respectively, and the MDA increased by 42.9%, 44.8%, and 67.7%, respectively (P<
0.01); the cellular GSH in the 60 and 120 pmol/L DEHP-exposed cells decreased by 9.2% and 54.8%, the GSSG increased by 101.2% and
444.1%, and the GSH/GSSG decreased by 54.8% and 91.7%, respectively (P<0.05); the cellular SOD activity in the 120 pmol/L DEHP-
exposed cells decreased by 26.4% (P<0.05); the MMP red-to-green fluorescence ratios in the 30, 60, and 120 umol/L DEHP-exposed cells
decreased by 10.6%, 36.8% and 38.4%, respectively (P<0.01). The results of Western blot showed that compared with the control group,
60, 120, and 240 umol/L DEHP treatments increased Cyt-C expression levels; 120 and 240 umol/L DEHP treatments increased Bax/Bcl-2;
240 umol/L DEHP treatment increased Caspase-3 and Caspase-9 expression levels (P<0.05).

[Conclusion] DEHP may promote oxidative stress, reduce MMP, and induce cell apoptosis by activating proteins related to mitochondrial pathway.

Keywords: di(2-ethylhexyl) phthalate; islet B cell; oxidative stress; mitochondrial membrane potential; apoptosis
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F£79 1x10°/mL, BY 100 pL FSfE 0N 5 uL Annexin V-FITC
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CE] A i =EAXTEELH ;B 30 umol/L DEHP 48 ; C : 60 pmol/L DEHP4H ;D :
120 umol/L DEHP £l UL : SRFEAARE ; UR @ BEHRET-ZHAE ; LL: IE
B4R ; LR RERAT A,

[Note] A: Blank control; B: 30 umol/L DEHP group; C: 60 umol/L DEHP
group; D: 120 umol/L DEHP group. UL: Necrotic cells; UR: Advanced
apoptotic cells; LL: Normal cells; LR: Early apoptotic cells.

1 F[ERE DEHPXF INS-1 4R ATRIF MG

Figure 1 Effects of DEHP exposure at different concentrations on

apoptosis of INS-1 cells

R1 FREARE DEHP % INS-1 4HAE T 2R AN G N HIZR AT =2 e
(xts, n=3)
Table 1 Effects of DEHP exposure at different concentrations on
apoptosis rate and proliferation inhibition rate of INS-1 cells

BRDATE (%) IRTEIDHIZR (%)

DEHP (umol/L) Apoptosis rate b Proliferation inhibition rate
0 3.54+1.24 0.88+0.02 0.00%2.55
30 3.05+0.22 0.79£0.01% 12.93+1.56"
60 4.73+1.58 0.7410.05* 17.63+1.84"
120 23.235.52" 0.7240.01% 21.24+6.84"

(] # . 533884H4BLL, P<0.01,
[Note] #: Compared with the control group, P<0.01.
2.2 DEHP ¥ INS-1 4RSS 4R B =2

AEFIEDEHP R IZABB 240 5, PDHEIBAXKNE
WMEMNR AR A ROS KR ER T 1L,
R R R, SIEBELAMELL, 30, 60, 120 umol/L DEHP 32
HAMPBAR N RE 53579 1.14£0.0019. 1.21+0.0083.
1.34+0.0081 (P<0.01) , W& 2,
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GE]I A : Z=EXERA ; B : 30umol/L DEHP4H ; C : 60 umol/L DEHP R ;
D : 120pmol/L DEHP o > @ PRI,
[Note] A: Blank control; B: 30 umol/L DEHP group; C: 60 umol/L DEHP group;
D: 120 umol/L DEHP group. —>: Cells with fluorescence.
2 AFEIRE DEHP 34 INS-1 £AAEA ROS & 2/IF2 M
Figure 2 Effects of DEHP exposure at different concentrations on
ROS generation in INS-1 cells
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[Note] Compared with the control group, *: P<0.05; #: P<0.01.

3 FRKRE DEHP 3¢ INS-1 4 SOD ;&M (A). MDA &
= (B) & GSH/GSSGRE (C) B95m

Figure 3 Effects of DEHP exposure at different concentrations on SOD

activity (A), MDA content (B), and GSH/GSSG concentrations (C) of INS-1 cells
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0 30 60 120
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[F] + : 533884848t , P<0.05,
[Note] *: Compared with the control group, P<0.05.
El4 ARERE DEHP 33 INS-1 AR LEHI (A RR HE (1 A9 5200
Figure 4 Effects of DEHP exposure at different concentrations
on mitochondrial membrane potential of INS-1 cells

1437 LU {8 (Red-green fluorescence ratio)
o

www.jeom.org



#445-572 k& % | Journal of Environmental and Occupational Medicine | 2019, 36(4) 331
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LA BRI RETERE, ATREREF
RIELENDT, FMKRLEEE (Pro Caspase) T 7E
LB BI A X (Cleaved Caspase) #HMiE S 42 E
To SXJERLAMELL, 60, 120. 240 umol/L BY DEHP &
(AR, Cyt-CHEXTRIZEIE A0 ; 120, 240 pmol/L DEHP
¢H Bax/Bcl-2 fEF+ S ; 240 umol/L DEHP £H Caspase-9 #ll
Capase-3 XY FRAEWILM ; L EERIBERITFER
X (P<0.01), JLE5 MK 2,

DEHP /KFE (umol/L) 0 60 120 240
DEHP concentration

Bax T e—— — —_—

Bcl-2 e

Pro Caspase-3 — — .

Cleaved Caspase-3 — L —

Pro Caspase-9 —

Cleaved Caspase-9

Cyt-C —

B-actin

E5 F[ERE DEHP XF INS-1 BN AR ZEXAT
EA=FN: A

Figure 5 Effects of DEHP exposure at different concentrations

on expressions of apoptosis proteins related to mitochondrial
pathway of INS-1 cells

R 2 FRIREDEHP 3T INS-1 &R AR ATER
X REZMIFM (xts, n=3)
Table 2 Effects of DEHP exposure at different concentrations on
relative expressions of apoptosis proteins related to mitochondrial
pathway of INS-1 cells

DEHP Pro Cleaved Pro Cleaved

(umol/L) Bax/Bel-2 Caspase-3 Caspase-3 Caspase-9 Caspase-9 Gyec

0 1.54+0.24 0.38+0.02 0.40+0.01 0.56+0.03 0.11+0.01 0.42+0.04
60 1.53+0.12 0.40+0.01 0.61+0.04" 0.65+0.03 0.16+0.01 0.67+0.03"
120 3.23+0.13% 0.50£0.01 0.64+0.05" 0.63+0.03 0.15+0.00 0.78+0.03"
240 3.07+0.04* 0.76£0.04" 1.11+0.01" 0.87+0.03" 0.43+0.03" 0.90+0.06"

UE] # . 5348R4848LL, P<0.01,
[Note] #: Compared with the control group, P<0.01.
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SOD M GSH TE R /R E R E 0 1 Al £ 5 [E' &, 18 MDA
S EMKREREOEHP WIERA M A = LU LR KA,
MR THAMLHM, DEHP B Z1ERK INS-1 BRI A (LR
o SYERIWLERDITAI, ERIEKRET (30umol/L) ,
BIAINS- 1A ROS BFRBESIARE, BIMEANLKRSR
I BELEIFISAS, GSH/GSSGBEEEZEBFTHE, LIS
MWL, BMEFIES YR RIS~ 4SSN B K
RIPEYDFE, MREE DEHPREF S, ZRRSWITH,
SOD 1 GSH #2#%15, 4R FEICRIEIRTS.
FEEBEEHT, M8 R0S FEFRTFTMIRTIZ
FRERRIRAYEB 71533, ik, ShR2HARN~ESR
BHRENEEGF, RNt E&R% %5 ROS BEHHIHA
faesz —U, EUNH R SRR BB M IR L
FFHR, RIAIERA T, —LEREAEFETETFARMEZ
B EEA T A F (30 Cyt-c) BIMNFBRA, 5 Apaf-1.
Caspase-9 H AT E &1, &RZEIERK Caspase-9
AL, HEMEUE T @R, LIk, Bd-2 REtLE 51
ES5ETHEXNERASEG Y, ALK KA, DEHP
B USRI A, FIESAMRET . 30 umol/LEY
DEHP BD R BA B PR IR L i (R AR BB A1, 38 MNLRAL (4 R @
B, BFININLERKREA, WREHFASIEMR Cyt-c BY
BRMBATEEMNRIANRE, FALLAAFREN T 60.
120. 240pumol/L DEHPEF T INS-1 ARV AT & H
KRB R, £RER, 60 umol/L Y DEHP B Cyt-c [A]
AL /B3 #R B X, 120 pmol/L BY DEHP B] 28 2 Bax A bel-2
MM RESE, FIEATEHBBaxKIAE %, Bax/
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Bcl-2 EL{EF S, 240 pmol/LBY DEHP BI{E3# Caspase-9.
Caspase-3 B9 5 tJ]7& 1o 120 umol/L Y DEHP B] 1% S 4
fAT, BEFRRIEIMEERE T E, HRT4HA
BB, IBFEINHIR X —HEAR M E 98U, 30 umol/L
B9 DEHP BN A] 5|2 INS-1 4AR AV 15558 52 EHN

2% EFmR, DEHP BEfZISAK INS-1 AR A ROS =41
%, SOD. GSH #£i8, #m5 | ERIRESKM,
1S AR B (A AL R (AThBERRRS, SEERNIARR BB L
B, {EAT-E R Bax TAZIE N, (B3 Cyt-c MERI{K
FEEMNBERR, Caspase-9 5 Cyt-c AT ESE
&, FH—58E AT T IZAR R EIIES Caspase-3,
B SAME T HINGISRAEILEIE, INS-1 BREXT A (A M 4E
ENBEEEEXRENER, INEMHRERNIERTIEEE
Ti%E S INS-1 4R A T AHLEL INS-1 BB THRER TR 1R
EMERSENDW, BT INS-1AREAREYSME
FiRsE, BENFSMREEE R RERRINEEL
3T INS-1 AR NGB VER £ @, X Fige
FIXT INS-1 LR AN ME R AR RIRE, &HR
2552 79 DEHP &2 MR B AR THRE ML FIR IR T %
B, 1B DEHP &R AY INS-1 4BF AT B B FEEEH A
1 ?DEHP BERTE/AZL INS-1 ZARE SR E RV E AL _E[FIBS 8200
HR B R WINEE 7 X LR EH—FTHE R,
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