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i 4G 41 TNF—o mRNA AT iNOS mRNA £y
#35 . ¢cAMP/cGMP-PKC-p38MAPK {5 5 il 4 %5 1
PER S, R 1T NPy, X708 B 95 40 i 4 9 % 75
PEFE I BAR G50 F-HLHT, DATTER A A IR T B 1 5
P 1A NPy, (4 G2 45003 2400

1 MRERE
1.1 MR 5iEH

NEE WEAH M RAW264.7 ZHffL &, LV 20l
TR

NP, PR (254 WLIE 1), % [ Guenther # 4%
2B (Institute for Chemistry and Dynamics of
the Geosphere,Research Centre Juelich,Germany)
E L B4 IL7E RPMI 1640 15573 | 36 [H Hyclone
3T BEME W (3— (4, 5—dimethyl—2—thiazolyl ) =2, 5—
diphenyl-2—Htetrazolium bromide ,MTT) , 3% [ Sig-
ma 2y 1) ;cAMP Elisa i 7 & .cGMP Elisa i 7
& U A W) T AR SE T s Western S TP 21 fifd
SR BCA o B e 1R &, B s R AR
WE AT PKC & H TR, 1 AR Y oA
PR3 F] 5p38 . p—p38 A I HiiAk , 22 [E Cell Signaling
Technology /A W],

HO
TEF PIERIE T,
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Fig.1 The structure of NPy,
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Milli-Q50 #i 4l /K ¥k & 4t , 35 [ Millipore 2%
A5 {8 B 22 AR, H AR Olympus 28\ ;8 ¥ T
YEG , Ll — TR BR A W) 5 o BV TR B AL
% [# Sigma 2\ 7 ;Varioskan Flash E33 &K £
DI REBEAR AL | 4055 FR 46 3110 Series I, K
Thermo Electron 28 7] ; L K Mg -G Fl 2
AR AT BRIl 5 B AR IR KA, 75 85 1 2K F UK A8 e £y
A IRA ) ) 28 V0K v, E I BERIT 8
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1.3 LWHE

1.3.1 /NEL RAW264.7 B W40 i i 55 3% &
10% i 4= 1ML 35 9 RPMI 1640 55 5% 3% 7 37 °C 5%
CO, M FiAah, Hige/N Bl RAW264.7 FL W40
e, 8 FH O 502 T A 1 20 R S R S
1.3.2 YA E R MTT 3 K 40
A ¥ RAW264.7 41HE LA 1x10* 4N/FLIEFh =
96 fLH , B T 37 °C.5%CO, K F= A T 1% 6 h, i
AT E NP, (0,0.1,1.0,10, 100 mol/L) 4k £
24 h J7 , BALIA 20 pL MTT i (5 mg/mL),37
CHRZEWFE 4 h, KI5, /DOWFESLNE TR B
W, LA 150 WL = B 3 R (Dipheny-
lamine , DMSO) , #8 7% 10 min, {8 45 i ¥ 78 50 V& f# |
PEFE 570 nm P, 7E 2 Dy RE RS AR 1 T I A2 25 LG
WSAE, ARIE OD 4 5/ODgonuax 100% 1155 41 M A7 76
2R,

1.3.3  ELISA ¥l cAMP Fil cGMP % K54
PL2x10° AN /ALEEFD T 6 LR, AN [ BE NP, (0,
0.1,1.0,10 pmol/L) 4b¥f 24 h J&, YadE ,PBS ¥k 2
o, FIHWCA/3T CRAE R 3 ¥ ,4 °C,12 000 1/
min &0 10 min, W F3H W . H Elisa 36K 0
cAMP H1 ¢cGMP (7 11, #:AET7 4% Elisa i8] &
BT

1.3.4 Western blot £x & ARk KAl Ll 2x
10° NALEEFP 2 6 FLIG SR, SRR NPy,
(0,0.1,1.0,10 wmol/L) &b ¥ 24 h J5 , il #% PBS ¥k
Y3 IR AEYIIE , F2 IR Western 2 TP 40 10 24 it ik
Ul W] R PRI M 2R 1, FEAR R BCA 2 1 T i
VR RE I ) G I R VR B AR VR RS A
FEH LFE, 94T SDS-PAGE BEL HLIK (50 V HEL K,
30 min; 100 V HLJE,55 min), {BEFEEIE NC K,
BREISEER S ONC BRZ 0.1% 4 L3 1 2 A B 2
h,TBST ¥t 3 i J& , FH#i B 5 19 PKC ,p38 .p—p38
—hr 4 CHF IR, WEFLRE, /MO NC B
BB AT TBST W 1Y V- Il rh PR35 VeI 3 i ,
# 10 ~15 min, 5 FH #HAR & & 1L ¥ B (Horse
radish peroxidase , HRP)#5ic —$H1(1:5000) & 2
h, TBST W PR e 3 3, 438 10~15 min, >R
ECL fb2f &G s g, o FH 4 Al 78 5 e AR o
Mr 258 W% . Quantity One 1443 H10,
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1.3.5 ¥ 5% PCR ¥ RAW264.7 4 L Lk 2x10°
LR 2 6 LI SRt BT 37 °C,5%C0, ¥
PP IR 6 h, NPy, 4bFE 24 h J5 | FH Y PBS ¥t
Y3 R AN MY, 52 BB Trizol 3207 32 $2 B 40 At 1Y
AL RNA, R R R G 7E 20 pl. RNA 5% 5
R 2 R AR F) eDNA, LA A AR AR HE 1T
PCR "3 51 ¥ R 5 L3 1, PCR KW 45 1F:94 C
3 min,94 C 305,60 C 305,72 °C 2 min,72 °C 10
min, {8 7 KB R 30 W I =9 6wl #E 4T
HL K1
1.4 HESITHH

SCIG R LA “x £ 7 R, 2R A SPSS 19.0
Gt B AT B R 3R Oy 22 40 A RN ¢ K B P < 0.05
M2 BENE L,

2 HERERWH
2.1 NP, 3t/NR RAW264.7 E 1 40 B 77 7% 1Y
A

i 20 R AL S B s A, A 2R T
AE , 2 AF 50 4 R G | 200 L 9 928 1 93 F B 8 24 1)
XG4T WFFE S NP i i ek 55 /0 BRI s 1
0 ) A WE T RE DI 300 6 /0N BRUAY S D) g SR i
Hoor 5 AL b A B a2 A BESE PR T NPy,
X 7N RAW264.7 1 105 441 i fr) 25 4 55 7 B HLAH 56
[ 3 F AL

AT FE NPy, X RAW264.7 41 77376 5 1 5
e il 1 i, 506 B A B (IR R B NP, (0.1,
1.0,10 wmol/L) 4bHH 24 h REGZF#MIE RAW264.7 4
L B4 A5 2 AR TG Sk 3 PRS2 R, Y NPy MR EE [
T+ 100 wmol/L B, B8 B & 5| AL 40 L FE T (P <
0.01), 7 FL7E 1 S8 T AT LA B g X0 2% 1) 400 o 463 14
MRAS . G5 H ARSI = 1T HGE 1 NPy X/ R
Sertoli TM4 41 g (%) 20 i 5 1 45 SR AR — 2, Pt
TE J5 22 A0 2 43 F L BF 58 o e ] NPy, Y R
0.1,1.0,10 wmol/L,
2.2 NP, 3t RAW264.7 4 i1 1 TNF-a mRNA
% iNOS mRNA ik H20m

TNF-o 3% i {5 ALY B W20 e ™= A, 38 3k 20
[l SR R ¢ R N IR A Lt Y = SN i
HE 20 3G 5E 53 A 7 A B R T R AE A = B
T S S AR A PR NO BIESE S S T e &2

*1 RHEZRPCREI¥MFT
Table 1

Oligonucleotide primer sequences

for quantitative RT-PCR

AR A3 (5-3")

B-actin L% 31 4 : TGGCACCACACCTTCTACAATG

T 51 4% : CCTGCTTGCTGATCCACAATCTG
TNF-a £ #3514 :CTTCAGCCCCAGCAGTGT ATTCTTT
T 51 4 7# : GAGAACCTGGGAGTA GACAAGA
L #3514 : CTCGGAACTGTAGCACAGCA
T 51 4% : TGGAGCACAGCCACATTGAT

iNOS

120

> 90

60

L
Survival rate/%

= 30

0
Control 0.1 1 10 100

NP, e &
Concentrations of NPy/pmol - L™

T4, 5 IR AR L 22 R .35 (P < 0.01)
2 RERE NP, Xt RAW264.7 E I 28 i
FERENZM
Fig.2 Effect of different concentrations of NPy,
on cell survival rate in RAW264.7 cells

AR R S i | LW A A = i R 3 9 b e
20 ) 4 B A ok AR FEMFLS b R E A
3R —FHMAAE (Nitric oxide synthase,NOS),
510 N e B — AL A G Tl eNOS, fl £ 0 A — 4
LA G nNOS, i 2 A — F AL A & 1 (iNOS) , H
HINOS J& NO A Y 32 22l iNOS 19 2 18 e
T NO W& 1,

AR S, R RT-PCR % T NP, %f
RAW264.7 4i i )] TNF—a mRNA & iNOS mRNA
FRMF I SR E 3 A 4 iR, dER BN,
10 pmol/L. NP, i % B ik TNF-a mRNA fiy % ik
(P<0.01, 3), HE 4 /A, 525 (X BALH L,
NPy, 4 HE % 5 25 30 48 L Y iNOS mRNA 3%
ik (P<0.05), H AN 10 pmol/L B, 3R I A 1
HBE(P<0.01), X F NP, 1% RAW264.7 41 iz
T A, $ 3 TNF-a mRNA il iNOS mRNA %
iKBEAR, AIREdE— 20 2B TNF-o F1 NO & T
K, You SEF5E & B 4-NP REME 76 /)N BR5 1 CHE s
EimE 20 M A1 RAW264.7 48 0 9 3 ) g & b



H22 4% %10 I A Bt

IR NPy #F  RAW264.7 E v 2m feL & 37 4% 4 A 61

(Lipopolysaccharide , LPS) /5 % ) TNF-a 1 NO )
A, IF HARES I TNF— mRNA K2 iNOS mR-
NA ik, SARL IR L5 R — 3 Lee R FE
KB, NP BERS I H B bk L 40 A 40 i Y NO
()43 W A1 TNF-a¢ mRNA & iNOS mRNA )3 ik

NP./pmol - 1!

Control 0.1 1.0 10

(a) TNF—cx B 15 Bl 3RE e v ok €]
SR, 25
B3 AE

REE NP, X ElE4E B TNF-a mRNA B3Rk

10 40 L ) G 8 o 25, DT A T LA HR T g
RAEMRET ., £k ,Eﬁﬂﬂﬁ%ulu NPy, 1] 3 13 1) il
TNF-a F1 NO 4= i LA KA ] TNF-a mRNA Fl1
iNOS mRNA (133K M\ M 5% Ml HLAA 1) G 2 D

12
0.9
z 0.6
0.3
0.0

Control 10
NP, e &%

Concentrations of NP/pwmol L™

(b)TNF-a mRNA A8 X} # 35 it

XS R IA
Relative fold

B3 (P<0.05),# 25 W8 E(P<0.01),

E; ur]

Fig.3 Effect of different concentrations of NP, on the mRNA expression of TNF-a

NP./pmol - !
M Control 0.1 1.0 10

(bp)

iNOS

p-actin

(a)iNOS Byt i 5 B Jie e ik %]

SR IR, 22 5%
4 RERE

NP, 3F E & 20 i1 INOS mRNA Fi%

12,

09}

L 06}
0.0

Contro

AXF A =
Relative fold

NP42 1303

Concentrations of NP,/umol - !

(b)iNOS mRNA A X} ik

L (P<0.05),# 227 E (P<0.01),

okl

Fig.4 Effect of different concentrations of NP, on the mRNA expression of iNOS

2.3 NP, 3 RAW264.7 40 iz i cAMP .cGMP
SENE

PRI N o300 AP RE S 52 i A 1S BRI R AR
SOE AR, B iR T R Ak i (Cyclic
adenosine mono—phos—phase ,cAMP ) B iz JJL Bz
DL K Ca™™ (5 = im g, Horp  cAMP #1 cGMP 7E7F
Zar BT AR TP A E EEAEN (0
FEBE o3 AL AR YR T DN AL S )P I L
T ,cAMP 5 cGMP & 5 AR X R UE I 4E 45— 22 1Y L
W, 5 3 T e A 2O i 2 s R LR T i 2K
1M B, AT T NPy, X RAW264.7
AL N cAMP .cGMP & & 1520, 45 R a0l 5 B

N, SXF B4 A L, 7E 0.1,1.0,10 pmol/L NPy, 4k
P24 h J5 ,RAW264.7 4l s N cAMP ) & & i &
FEAIK (P <0.01) (& 5a), F WEA0MNAFAE 1A
cAMP-PKA i 12 I8 17 50 8 N 24, cAMP 37 1 1) [
fiX, AI50E PKA 4 T UFE 5 s, X rl g
NP47i£5h369mHE§‘5’1%E‘J K Z — 53 —TJ7 Tl NPy, &b
AEfS W% I RAW264.7 ZH MU cGMP (4 &
(/M“}ym pwmol/L B} P < 0.05; ¥ N 1.0,10
wmol/L i} ,P < 0.01, & 5b), Pfﬁwh 25%2&-‘4
RAARFWREISHBRER, &4
cGMP % 1 fifi Yo 75 Wk & 7t = 1 1 T+ AH A?ﬁz %%FU%
NP, A] fig i i i #% cGMP Ry 3 15 ok & 4% 1 1
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(a)NPy Xt cAMP & ik (15 1

401
* # #

30F

20F

0
Control 0.1 1 10
NPy, ¥ B2
Concentrations of NPg/pmol L™

(b)NPy XF ¢cGMP &5 4 (1152 1)

cGMP ¥ Ji£
Concentrations of ¢cGMP/nmol.-mL™!

SR, % 2R B FE(P<0.05),# 23 W EFE(P<0.01),

B 5 NP,X48 7K cAMP &M cGMP & 21N
Fig.5 Effects of NPy, on the content of ¢cAMP and ¢GMP

RN
2.4 NP, X RAW264.7 i1 PKC & B &R iXx
sp=Al

i F I (Protein kinases, PK) BB 9% 18 1k 45
R L B, EEARE DL cAMP K9
PG PKA ,cGMP K8 1) 28 3% i PKG B 45 Al
JIE A A5 4 25 11 A PKC 3 5 4G T 808 49 (40 PKC
) AR A5 (40 cAMP . cGMP) , 7] AR 4 1
T B WG 00y e A R I 28 1 B9 15 5 3m 9 dn
K6 s, SLEZERAI, HMMZ AR W E NP,
A PR S NPy 76 0.1,1.0 pmol/L B, W& Fi8 T
PKC E M B F A (P<0.05), 7E# A 10 wmol/L
A B R E T PKC %5 (P<001),
Ui W] NPy, 2338 o 14885 1 PKC 15 5 3l Bk X B
Ik 4y A S e i AR
2.5 NP, 3t p38-MAPK 15 51 B& B 54 I

HRTIAR, PR N 4306 T 4 9 5 5 1 o i
2 E 2R PR T R PR R A I T AR
FHEN v 22— A6 0 93 38 32 AR I BT, 53 —
JE il R AN PN A RE S R, EEAAHE cAMP B
e PKC % B 7 18 % (Ca>) B I8 BEALEE 3 3% i
(Phosphoinositide 3 kinase,PI3K) {5 & i # |
MAPK {55 45 . Horf MAPK {55538 3 76 40 il
(I3 A3 AL R T DL SO B85 00 98 A4 2 0L 55 T T
WEEEH, AWMAIYHBPEET 34
MAPKs % J% i 5% : ERK JNK ,p38 ¥ f# , JNK F
p38 i FE B RS T A AL T AE i ERK1/2
i % 0B DA A R 1 40 R K BB L INK p38 Al

NP,»/pumol - L™
Control 0.1 1.0 10
f-actin | cnm— —— RN EE— |

PKC’———_l

(a)PKC # [ 5292 B 5]

x x*
| ' I |
L 1 1 l
0.1 1 10

Control
NPy, ¥ 2
Concentrations of NPj/pmol - L™

(b)PKC AIXT 23k it
X AL * 225 8% (P<0.05) # 23N %
(P<0.01),
E 6 NP,XfZifs PKC EBFRER M
Fig.6 Effect of NPy, on the protein expression of PKC

12

=
o

=
o

Relative fold

AR 3 3k 6

=
w

o
S

ERK (1 8h 257y ghe s 7 40 i 04 47235 s g8 1

K Western blot 2 #6:0 A [7) e B NP, X 41
ffL P9 p38-MAPK {5 538 [ i 52, 5 5L &l 7 fir
7~ SR RREH AR EE , 7E NPy ¥ JE A 0.1 pmol/L 15,
p38 & 1 R LKV o i A8 Mk, 24 NPy, Wi
BN 1.0 wmol/L 1 10 wmol/L i, p38 2 1 11
i Ak K F G 3 R IG, b A5 R 5B NPy, S0
RAW264.7 Fi I 41 L i) p38 & iR 1k L4 B0 1
A . MAPKs £22 i PKC F1 PKA 5534
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IR NPy #F  RAW264.7 E v 2m feL & 37 4% 4 A 63

NP42/ p,mol L

Control

mm|.ll»ii"liiil-—|

p%|.-»--v¢-vc-p|

(a)p38 .p—p38 & [l fe s E k&

09F

E: 0.6}

\ 03}
0.0 l

Control

A XT3k h
Relative fold

NP, f#
Concentrations of NPy/pmol - L™

(b)p-p38 % Fik it
TE X IRALAR b . 28 5 B3 (P < 0.05) ,#. 28 5 B i 3%
(P<0.01),
B 7 NP, 3 p38-MAPK 15 5 1& &% Ky 5 i
Fig.7 NPy, inhibited p38-MAPK signaling pathway
in RAW264.7 cells

G A, AR 5T 45 S UL NPy, ] B 38 i 7 1
PKC #y#ik, #Emiflil p38-MAPK %%E@%%L,
T 75 5 A0 L8 477, AR 2H =2 w9 2 B E
T L 1 3 S p38 . ERK1/2 JNK {5 53l fi X
Sertoli TM4 2 1175 S #5143, Han WY & 1
NP ] g 1 34 1% PI3-AktMAPK/CRE 15 5 18 %
WS COX-2 £k S 5 X RAW264.7 F 0 41 i 1)
B 8 T SN R, T 3 I S AR A B4 A R
JE AR T I BE 254, X 0] B T O A Y T
My SRR, FEANTR) L AR R A A M, SRR XF
MAPK {5 53 B A — BN a5 R, FEAR k5
Wit — 2D B0 T3 AR A RO R

3 #Hig

I FH A ) e B ) T R 13 B4R NP, Ab B/ R
RAW264.7 ELBEAN ML, 858 NP, XF RAW264.7 B
WG 41 At 1 463 493 4 FH R X 4 B G 2 T RE A S iy, 485
%P NPy, BEREIIH] cAMP 1936 1, F 4 TNF-«
mRNA F1iNOS mRNA (J#ik, [FB#H PKC &
1) 3R 35 il p38-MAPK & H 1B fR fb . XKW
NP, A] B i 1+ PKC —cAMP {5 5 i #% Hl p38 -
MAPK 15 538 #% %5 /)N Bl RAW264.7 F 41 i 7= A4

AN, TS RAW264.7 B v 20 M 09 Th g |
X ] g T AL S AR NPy, 15 52 WK 50 0% 5
Bt —A~EmE AL .

2 % x #
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The Damage Effect of Nonylphenol Isomer NP, on Mouse Macrophage RAW264.7 Cells

Liu Xiaozhen'?, Tu Peiquan', Li Fuxiang', Zhu Zhaoliang', Su Zishuo', Huang Danfei’, Xie Mingyong®
("Engineering Research Center of Health Food Design & Nutrition Regulation, School of Chemical Engineering
and Energy Technology, Dongguan University of Technology, Dongguan 523808, Guangdong
State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047)

Abstract Objective: The aim of this study was to investigate the damage effect of nonylphenol isomer NP, on mouse
macrophage RAW264.7 cells and the underlying molecular mechanism. Methods: The RAW264.7 cells were with various
concentration of NPy, for 24 h, then the cell survival rate was detected by 3—-(4,5-dimethyl-2—thiazolyl)-2,5-diphenyl-
2—H-tetrazolium bromide (MTT) assay, the cyclic guanosine monophosphate (¢GMP) and cyclic adenosine monophosphate
(cAMP) contents were detected by commercial kits, RT-PCR was used to detect the mRNA expression level of tumor
necrosis factor-a (TNF-a) and inducible nitric oxides synthase (iNOS), Western blot was used to detect the phosphory-
lation level of p38 mitogen—activated protein kinase (p38 MAPK) and the expression of protein kinase C (PKC). Re-
sults;: Compared with the Control group, 0.1-10 pmol/. NP,, showed no effect on cell survival, while NP, extremely
decreased cell survival at 100 pmol/L; Moreover, NP, treatment significantly inhibited the mRNA expression of TNF-«
and iNOS, the expression of PKC protein and the content of cAMP in cells. In contrast, NP, upregulate the content of
c¢GMP in the cells. In addition, NP, inhibited the phosphorylation level of p38—-MAPK. Conclusion: PKC—cAMP pathway
and p38 MAPK signaling pathway were involved in nonylphenol isomer NP, induced damage in RAW264.7 cells, and
this should be one of the major mechanisms by which nonylphenol exerted immunotoxic effects in organism.

Keywords nonylphenol isomer NP,; macrophage RAW264.7; cyclic adenosine monophosphate; protein kinase C; p38-
MAPK signaling pathway



