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Immunotoxicity of di( 2—ethylhexyl ) phthalate to macrophages

HAN Jia—ying', SU Yi-ling?, XIONG Li%, GENG Hui*"

(1.High School Affliated to Huazhong Normal University, Wuhan 430223, China; 2.College of Life Science, Huazhong Normal University,
Wuhan 430079, China)

Abstract: To evaluate the potential immunotoxicity of di(2-ethylhexyl) phthalate (DEHP ), RAW264.7 cells and peritoneal macrophages
were treated with different concentrations of DEHP. Further, the phagocytosis efficiency and cytokine secretion and reactive oxygen species
(ROS) production ability of RAW264.7 cells, and adherence ability and phagocytosis efficiency of peritoneal macrophages were determined.
The results revealed that the phagocytosis efficiency of RAW264.7 cells treated with 1, 5 mg+L™" and 10 mg-L™" DEHP was significantly in—
hibited. The concentration of tumor necrosis factor( TNF )—a, interleukin(IL)-12, and IL-23 decreased significantly in the cell culture su—
pernatant. Furthermore, there was a dose—effect relationship between DEHP exposure and concentration of TNF-a, IL-12, and IL-23. The
production of ROS in DEHP —treated RAW264.7 cells was inhibited significantly with increase in the concentration of DEHP. Further,
DEHP inhibited the adhesion ability and phagocytosis efficiency of peritoneal macrophages collected form DEHP —treated mice. These re—
sults indicate that DEHP treatment can inhibit the normal function of both RAW?264.7 cells and peritoneal macrophages.
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SRR HR 22— F L TE( di—2-ethylhexylph—
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HREE LA (PAE ) (U EE B R 5%, J& R0 R Rl o fif
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SRS Z AIAS 2 DAL Al 22 B 2 |, T i ) S5
SRR A R 25 2 BB A b . i STk
H238 , DEHP FEA YT B BRYT. 30 I 0 0] 25 K ]
FEIK RIS A R R A H o A SCHRE P T
R XK IR G DEHP S5 Sk E IR E] 5421 pg- L7,
XHHTTAE 10 KT B KB iAo b, ZEEAS
KT ¥R LRR R ERZE A 1, o DEHP % &% it
PKF] 17 wg- L2, 17 B DEHP R MEREAR | 76 3055 rp 77
B I R, FEAE AR N 5L A & SO0, X A A B
ISR At ISR A1 J o

DEHP 2 3|z ()i S L2 HEap thE A
Ko VIZ B YsE AR5 2B, DEHP ELAT P s
AFaEEE R E B EUE S 2 R e R RAA S
SEPE L Z IS, H A 5¢ DEHP XHes RgEH
R R RSO N KA L — BT Lee S5
i DEHP 7] CD4*T 4ififg (i) Th2 BI40 i 431k I 4
W TL—-4, TL-4 J3% B 406725 IgE BUHTA I3 0 A
T RRAE IR SN T O SN o A T R A AR
S BRIV PR ik DEHP B A A= I i 1) LR K i 34
e Hoppin %5421 DEHP K FHAR P A =408 —
FH iR B 1 (Monobenzyl phthalate, MBzP ) g% 15 5 5
W AER A DG RSP B VA DG Y 19 B Sk
IgE ik =4 3278 DEHP B2l 51205 FE k56
TR SF RO T T R AR B B B
B A 5 DEHP BT AR S 38 i AR K B 6 g3 20 s
A 4r¥ CD11b (3R3K ,CD11b % v G % 241 i M i
B RRAETBAIAIERS S-S , R Y] DEHP RRfE 5200 o
JEGAE M, Kuo S5 B DEHP i@ 1 #11i] MAPK-
MEK1/2-ERK-ELK1 Fl NFkB {5 55 G345, 1 4%
% DC 2053 IFN-o/TFN-B, T35 DC 28 %t
T 2B A AR AR T, 5 R S8 1 28 B[] Th2 5[] &
J&& ., Eljezi PR 0.1 wg- L W EEFI A9 DEHP %
A R 1.929 & BLHA B 0 40 i s VR o A ff B
Bz 40l BAG12 (RSN 52 T DEHP J& , 4 AE A ¢ K+
IL-1B IL-8 il IL-16 (40 i34, JEH R iAK -l
T, L FWFSE R DEHP 282 0] B £ THi 52 ]
GaIEN2 o

f T DEHP 78 H & FH S i) 2 i/, 48 oK

RERE Z AR R DEHP {54% . DEHP A L1
BT AR RIS TR B BRI ST 22 Rl A
FEANM . 2009 423 [ CDC TFJR A9 U U AT X 235
WGV R FEARNAR S R, $ESZAG A1 2636 B2
AP ER R LA I 2 DEHP K HAR ™= ¥ 1 4778
(www.cde.gov/exposurereport/pdf/fourthreport.pdf ) , A<
S /N B I T 6 ke RAW264.7 21 it i fs 1
ANMLVE AT R S S K DEHP Xof [ 155 4 A v 1
R A A A T R UK 284, R DEHP
RER PRSI R G BEMENE A, O DEHP 255 X 6
SR G TSP LIS

1 #REFE

L1 FERFIRILEE

DEHP Wb BT 7350028 7] (4l =98% ),
DMEM }; 525 T Gibeo 23 w], i AR L35 W8 T4 DY
Z A v, Giemsa Yo iR H R L @A A v
TNF-o IL-12 IL-23 ELISA 3t %] & 7 = 8 A=
W1,2,7- AP E . CIREE(DCFH-DA) I H 1T 758
SR A AR SRR Ry = b ali . 4R
AR EE IR 46 858 Thermo-BB15 3 B i i s K HEAH
Z % #1524 Olympus 1X-50, Spectra Max M5 £ I g
BT 54 Molecular Devices—SpectraMax i3x .,
1.2 EMEMAEZR RAW264.7 HAELEF

Fi 40 52 RAW264.7 40 ifl 22 48 i Bl 5 Koy ik
fhi 5 F B AR WAL F B E W . Z R RAEN
RAW264.7 40 J5 40 F o MR B PR A7
RAW264.7 4HAE R AFAE, 7 BDKE & T 40 “CRiik
H PG AR o TO%IP5 G WG 4N I R A4 T 7, B T
B TAER N, BRI A 2 2 15 mL .04
B, AN 10 AT 10% 6 4 L -DMEM 1 5%
J,1000 remin™ B0 8 min, F LIE, EHIMAEAE
10% M3 1) DMEM 56 3557 5L BRI TIR A e %
25 em® BRI, LA 37 °C.5% CO, KiFeAti
B, ERDUER R SR I  AR  B A RS B
B e B R L R AN A T HE A B SR R AT
KGR
1.3 DEHP 432 RAW264.7 ZH R

FIE R RAW264.7 4 i 2 5555004, Fe s 7
Y i 1) %% FE iR %) 80% )5 UE4T DEHP 2% . W E 1.5,
10,2040 .80 mg+ L™ DEHP ZbHH4H . 0.05% ) 75 i 75 751
I DMEM 5¢ 28537 5L 00 841 . DEHP %25 48 h Hi ik
EH SRS 24~48 b, JELLARMUAL ARG BE FLAR
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KRR IR AR A0 5% B 18 31 80% )5 i#E1 T DEHP 8%,
v ER 10 48, Yu# DEHP 25 10 fU5 IR 40 M
FHT 21200 B A Wt 26 L A M R 0 0 3 P SEK P A
W, B WA R LS 0.04% 5 W ik YL 10 5 AN AES .
1.4 EREERMRS BIZHE

BALB/c /N ERUW T 41 48 2 95 T )7 B B 2 Bt
/N FR R R R B U TR B A 1 ST 06 45 SR o« B 30
H 8~12 Ji] i MEE fi B BALB/c /NERBEAL 31 5 41,
A3 E R 1.5.10 mg-L™ DEHP A FH4H .0.05% 1y
RIS 79 A2 AR KOG B A, >R FH A AR 7 2R /s
B, SRR 20 S 5 SUHE I AR BB/ N, 75 %00 K =
¥ 5 min, BYFFIE TR BRFTFEIE I, TR A W PBS
JAE M NE SO I B2 R, 1000 remin” B0 8
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R SRR A MR BE & Sx10° 40 At -mL, FERDT 24
fLAH, Bl 2 mL, & 37 °C.5%CO, H 324655597, B 2
h B 5 AR T80 B R S I A i D
1.5 THRE R SLI

] K5 SR A MG M ) 5 3R A P 1:50 B A
HRSELIANL, TR CO, BEFRAE I T L 3 h JE B 3 5
M, PBS S My Al B MR O AR A 21 4B, AR
TR IR IR 5 E 5 min, 1 Giemsa Y4
10 min, FR7K T8, 76 B AU T MBS A
DA VIEES ey o8

TG A R =1 W 2120 B W 200 i/ 100 A Ik
4 it x100%

W B=H A WA 2T 20 1f1/100 A I 41 it
1.6 ELISA #i] TNF-o 1L-12 1L-23 2R F 3Kk

F 24t DEHP 2 RAW264.7 4 Mo ik 8 2=
1x107-mL™, 3G 5% T 24 fLARH, BALINA 1 mL 2 s
WA 2x107 g L™ LPS Hll% (AR SV B DEHP 3
WIANELEL), I 720 5, WBOESE B R AT
YA R - B o ARCHTAARIE > ELISA 32, 2 Ks
75 WS H TNF-o IL-12 IL-23 4N 71 fE , #5
VEAD R = 1 A= 1y wl R AL B A 350 & rh B B
17,
1.7 {EME(ROS) 7K FE4M

¥ 25t DEHP S22 3 10 181 RAW264.7 41y
WHEEVHE 1x107-mL™, $FF 24 FLA, SA 2x107
pg L7 LPS Hlli 2 h J5, $e BB M SR a0 &
FIRREDLR, SRAIGT ROS BURAY DO EHRE DCFH-DA
Fric 4t , DS CHFFRMUAE 488 nm UL 525 nm

RS AN R 40 A i DCF (2 GE, Rl
DEHP /[l A FRZH 40 i P s PR ARk
1.8 GEitiEsbid

)3 il GraphPad Prism 5 Ze 1+ {4 247 5L R 28 5
2391 (One—Way ANOVA ), SZIGHHE L) X+SD 3R,
PRI REGORM LLECR A ¢ K . P<0.05 225 4
e

2 FERE5SH

2.1 DEHP X RAW264.7 4R i = 14%1E B

il DEHP 2288 % B Wi a2 A E Bk
FA TR B 57l 5 ) DEHP(1.5.10,20.,40.80 mg- L™ )4k
PR RN PR RAW264.7 4l . RAW264.7 4l 5% 5%
F1.5.10 mg-L"' DEHP 48 h J5 , R & B 40 0 7% F701k
BRI MMEH KA 1), S84 20,40,
80 mg- L™ DEHP 4bFH 5 , RAW264.7 4} i35 J1k 4
55 FET AR A B B N (&l 2),
2.2 DEHP X RAW264.7 40 5 & A8 71 B9 2401

YT 5 AR 5% o DEHP (1) SEPRE B0
AR E AR, FROTRA 1.5.10 mg- L™ ¥R
5 1Y DEHP XJ W4 il dk RAW264.7 i 17454 4y
B QLY EAA 10 )5, RAW264.7 4 i /Y 1%
71 JBAE UL e BFEALACET ] oK W 2 A8k (45 R R 2
) o AR VE D REIE B , 1] DMEM 58 42 85 57 3
FPRI R B4 RAW264.7 4 5 i A 2R F40 40 2 h
Jei o AT USRI 5 I 490 7 0 21 40 B, 4 W 21 40 i e
L IV A4 T 260 0 T BT T 90 , A £ 400 B 5 D —
BN ZASANGE AR 21 A0 MORS R AE B W5 20 it S BB
A WE(E 3), M4 DEHP #2240 B 10 {5,

1007 S
80+ T

60

BET %1%

Bk DEHP V¢ Ji /mg - L™

2 RAW264.7 %2 A ER EFI & DEHP
SEFHETR(n=3)
Figure 2 The mortality of RAW264.7 cells by treated
with different dosages of DEHP(n=3)
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A EME R F F4R

B 1 REREFIE DEHP 432 RAW264.7 4HBE 48 h [E R 45 R (K455 : x200)

Figure 1 Microscopic images of RAW264.7 cells treated with different dosages of DEHP after 48 h treatment ( Magnification : x200 )

B 3 RAW264.7 B MEL AR S R (A EEL:x400)
Figure 3 Microscopic examination of phagocytosis efficiency with RAW264.7 cell (Magnification : x400 )

RAW264.7 2 ffd i) 75 W21 240 i RE ) (35055 (181 3),
RUSREE 3K, GilR Bm DMEM 584k 3%
FE 55N T BEL A EE , #3 E E A RAE WEE O ge it
225 (£ 1),1M 1,5.10 mg-L” DEHP % #5415
i Xof FEZEL R L, A9 0 7 R R WS A S P T

R #a 34 (P<0.05) .
2.3 DEHP X} RAW264.7 a4y i TNF-o IL-12 IL-
23 A EFHI 0

1.5.10 mg- L' DEHP %240 P 10 U5, #A1E
WG FRAEAR S IR 24~48 b, FHESZ LPS JIL 72 h /5
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£ 1 REFIE DEHP EZX RAW264.7 MREE L EH 220
Table 1 Effects of different dose DEHP exposure on phagocytosis of RAW264.7

il fillEy HEE Y5 % PECEVEE 735) AR P (TR
DMEM 5¢ 4355 3% — 81.31£12.72 >0.05 2.13£1.41 >0.05
P/ % 0.05 78.65+13.84 — 1.89+0.93 —
DEHP/mg-1"! 1 30.24+6.31 <0.05 0.62+0.45 <0.05
5 19.157.63 <0.05 0.37+0.26 <0.05
10 17.336.15 <0.05 0.14+0.09 <0.05

WA F ST, TNF—o TL-12 \1L-23 (AR fL A A L
K4, HE4TIFEH, % 1.5.10 mg-L™ ) DEHP %
LEAb PR S  RAW264.7 41 i 43 3 TNF-a IL-12 1L-23

1.5

TNF-a(OD)

DEHP ¥ J&F/mg- L™
207

IL-12(0D)

TEA P ! 5 10
Higekk DEHP ¥ i /mg 1"

11.-23(0D)

TEA ] 5

Rl DEHP & /mg-1."
4 DEHP |EXT RAW264.7 4ARaE F 5 ik B S500
(OD: 3} ,n=3,* P<0.05)
Figure 4 Effects of different dosages of DEHP on cytokines
secretion of RAW264.7(0D : Optical density,,n=3,*P<0.05)

SRR N PR RE TR R AR RA 2 oA B S R . IR HL
TNF-o IL-12.1L-23 FFE#E#EY DEHP 2 F ki S8
F N e 2, $2% DEHP GENNH RAW264.7 204>
W TNF—ou I1L-12 IL-23 ZE40Af A 1~
2.4 DEHP %f RAW264.7 £l ROS 7= 4 B 220
1.5.10 mg- L™ DEHP #2240 8 10 05, #HiE
R IR LR SR 48 h, A 2x107 gL LPS Hill3#%
2 h j5,F DCFH-DA ZEEHREHRic RAW264.7 2 fifl
DU 20 L N 25 B2 AR e ROS /= A: i, 1815 &2
N, 21,510 mg- L MR BEF &1 DEHP 2 0L 54 )5
RAW264.7 2 Hd 4 1) ROS /K5 P9 i X B 2H A He 2
2R, W25 DEHP Y EE9 N, DEHP X} RAW264.7
HiiffL ROS ACE- Ry il VE iz ik, 4 DEHP Yk

IAF] 10 mg- L™ i, 40 A ROS 7K Fig 246 BRZH /K F-
[ty 34.69%.

2.5 DEHP X4 fg b= B I 20 f il B2 e & Ik B 1 9550

St —2 56 UE DEHP X [0 40 i e % Th g 1 5
M, FRAT TR BT /0 R s s 4 M A e ko
KHH 1.5.10 mg- L™ DEHP M fa/NER, i 220 5% 20 J
Je WS /N U A L 4, B 2 b 3 S A T W
F2 LI 20 RO B I B2 1 1 R 2848 4k o X REZH I s B
W 20 M ARG 5% 2 h S5 B WP 3 K, 4 h 5 RERG
B2 24 fLEEFRAR b, TEARERTZ SCRNIE I A D
JEEEE A T ASFER EE DEHP X 0 41 it 25
i RE 1 A —E g, Hr 5,10 mg-L™ DEHP
TR E VA MR R AR N IR, 4
12 14 h A RE5E 2 WEE . LT AMAEAF I SL I TR , 2571 i
W DEHP 258 55 79 X B8 4L AH Fb , 5 10 200 it o
AR R 5 IR U S E R R S SR X 1S
(£2),

3 1tie
DEHP & H 5 A= 1 A ol R fish e 22 1 186 9 54)

DEHP AR SRR R . DG AFERTR [ A ROK £
AR 2 ok, /KIREEHR DEHP & B E 2T
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& 2 AEFE DEHP R5E Xt/ iR AR Iz B WS 485 & 08 i 1 50 #200
Table 2 Effects of different dose DEHP exposure on phagocytosis of murine peritoneal macrophages
25 plE A 73 281% PIECEWRA M3 TR EL P CEMEAEE0
ddH,0 — 45.5+2.3 >0.05 0.58+0.16 >0.05
PRl 0.05% 42.5+2.1 — 0.55+0.22 —
DEHP/mg- L 1 37.5+1.9 <0.05 0.39+0.15 <0.05
5 30.5+1.6 <0.05 0.23+0.08 <0.05
10 25.5+1.5 <0.05 0.14+0.09 <0.05
8000 RAFAT WEANR A T ) 3 B o ZENLAR Sy B 1 i
sas 3" Fieh, M 72— B ROS, B A0 Y
60007 " ® ig‘ * AN BRI TR A A 5T, DT AN S A= )
2 2t A9 % 30 DEHP 65000 F W0 MU b RAW264.7
2 Pl A 5 HEHEZ LPS U2 b L DCFH-DA JEbHRE
2000 v :*: A ROS (774, R 40 ROS B 7 £E 52 5| 410
* il , I ELEEE DEHP ¥ BEAYIE K, 40N ROS JKF T
T — FERLII .. S50 DEHP XHFIEANIIE )
i gRat RE AR HAT 22 A

DEHP ¥ #/mg-L"
5 DEHP Xt RAW264.7 ZRAf1 ROS =4 gI&20m (n=3,
EERMRE 2 &, *P<0.05)
Figure 5 DEHP inhibited ROS production in RAW264.7 cells
(n=3,Repeated detection times:2,* P<0.05)
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e 53 5 A L T R PR A 2 — 117, A I A 2 38 8 st
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P R I 1 A4 i 2 A7 A T R OO P, 5
TARAT, IR A BT F 30 28 FOSE s 155 s A4 B 4 Dhg Bk 5 %o
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(5 FIIRZS AP RE 70 S A R [ A RE 7 1) — 4>
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