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FE . IS (acrylonitrile, ACN)ECK BT 41 M4 b PIBK/AKT 15 53 AU /E FH , BEMLES 60 RUEME SD KRk 5
21 X HRAH, ACN K P Rl e sp 4R T4, 433145 T Bk, 11.5 mg-kg ™' .23.0 mg-kg ™' .46.0 mg-kg™' ACN 1300 mg-
kg™ N-Z Pk 2 FR(NAC)+46.0 mg-kg™ ACN JEH Y iE HEH AN 50 mL kg™, 1 W -d™',6 d-J8™" 228 d, /G —K
PeFf 1 d e, KEURBERC IR M5 A58, BOFFIESE TS558 (1) B A R dfbR e 25 (TUNEL) W88 UM JA 727K F ; 2) 8 i e S 3
B W5 V1R (QRT-PCRYKEN pi3k . akt, bad  bel-2. cyt ¢ Rl caspase-3 F& [ ik K ; 3) G g BNl v (WB) K Il PBK/AKT {5 51
BN AR T 38 B AH DGR W 2RA KT, WS R (DANIIR T 78 . ACN MG, 300 2 2 0 T Al it g o R A B 28 6 2 (P<
0.05),(2)mRNA HXF Rk A Ir 1, 5% BRALAH L , ACN IG5 =41 bad, caspase-3 it 35 7155 (P<0.05), bel-2 1 3 [% I (P<0.05);
ACN W54 4H pidk bel-2 FEAR(P<0.05), eyt ¢ FFE(P<0.05); ACN i it 4l pidk . bel-2 AR, bad 15 (P<0.05); ACN 47 it 40
akt Jo i35 22 57 (P>0.05);NAC 41 bad % ACN &7l H 41 I (P<0.05) . 3) AR XS R K-F-J7 T, -5 % BRZHLAR LE , ACN R ]
#H pro-Caspase-3 [% 1% , cleaved-Caspase-3 F} /5 (P<0.05); ACN 1544 PI3K ,p-Bad Fll pro-Caspase-3 [#%1ik, Caspase-9 ,Bad , Bax
Hl Cyt ¢ THEr, Bel-2/Bax {H [ (P<0.05); ACN =7 8 20 p-PI3K . p-AKT Bcl-2 . p-Bad Al pro-Caspase-3 [#fIk, Bad , Bax , Caspase-
9 Cyt ¢ Fll cleaved-Caspase-3 FI& , Bel-2/Bax {E K (P<0.05); ACN £ 540 AKT G i 2 25 5 (P>0.05), 5 ACN &= 4 A
It ,NAC #H PI3K .p-Bad Al pro-Caspase-3 FI =1 , Bax . Caspase-9 Fll cleaved-Caspase-3 [k (P<0.05), ACN #iif| PI3K/AKT {5 518
5% R R SR AR PR TR AR 1T R R U IR 5 1 R R 22—

g RN KRR 40 T PI3K/AKT 15 S8 i, 1T 40
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Abstract: To determine how acrylonitrile (ACN) affected the PI3K/AKT signaling in rat hepatocytes, sixty male
Sprague-Dawley rats were randomly divided into 5 groups: control group, ACN low dose group (11.5 mg-kg™),
ACN medium dose group (23.0 mg-kg™'), ACN high dose group (46.0 mg-kg™') and intervention group by ga-
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vage administered with the volume of 5.0 mL-kg™" once a day for 6 days a week for a total of 28 days, respective-
ly. One day after the last gavage, rats were anesthetized for blood collection and sacrificed, and livers were harves-
ted for additional assays. (1) Terminal-deoxynucleoitidyl transferase mediated nick end labeling (TUNEL) was used
to detect apoptosis; (2) Quantitative reverse transcription polymerase chain reaction method (qRT-PCR) was em-
ployed to examine gene expression of pi3k, akt, bad, bcl-2, cyt c, and caspase-3; (3) Western Blot (WB) was uti-
lized to measure the expression level of protein related to PI3K/AKT signaling pathway and mitochondrial apopto-
sis pathway. Results indicated: (1) ACN low and medium group present a significant apoptotic phenomenon com-
pared to control group (P<0.05). (2) mRNA level. In the ACN low dose group, bad and caspase-3 were considera-
bly upregulated (P<0.05), while bcl-2 was dramatically downregulated (P<0.05); in ACN medium dose group, pi3k
and bcl-2 were decreased (P<0.05), whereas cyt ¢ was increased (P<0.05). In the ACN high-dose group, pi3k and
bcl-2 decreased, while bad increased (P<0.05). There was no significant difference in akt between ACN dose
groups (P>0.05). bad in N-acetylcysteine (NAC) group was lower than that in ACN high-dose group (P<0.05). (3)
Protein level. Compared with the control group, pro-Caspase-3 was decreased and cleaved Caspase-3 was increased
in the low-dose ACN group (P<0.05); in ACN medium-dose group, PI3K, p-Bad, pro-Caspase-3 and Bcl-2/Bax
were decreased, Caspase-9, Bad, Bax and Cyt ¢ were increased (P<0.05). In the ACN high-dose group, p-PI3K, p-
AKT, Bcl-2, p-Bad, pro-Caspase-3 and Bcl-2/Bax were decreased, while Bad, Bax, Caspase-9, Cyt ¢, cleaved
Caspase-3 were increased (P<0.05). There was no significant difference in AKT among the ACN dose groups (P>
0.05). Compared with the high-dose ACN group, PI3K, p-Bad and pro-Caspase-3 were increased in the NAC
group, while Bax, Caspase-9, and cleaved Caspase-3 were decreased (P<0.05). It is concluded that ACN may in-
duce hepatocyte injury via PI3K/Akt signaling pathway and the activation of mitochondrial apoptosis pathway in
rats.

Keywords: acrylonitrile; rats; cell apoptosis; PI3K/AKT signaling pathway; hepatocyte

TN i (acrylonitrile, ACN)AE Ry £F 4k A% 1 FTR
RS = o T RGP A SRR AE Tl A o BA
EEHAY ) FEFRE ACN A7 8 K, B2 LR
T RIS G, e PR A
st G2 1 5 FH SR ERA R} o 287 R ARG 1) ACNE

FERRO A6 A EE AT L2 il 2] ACN, &
A28 Kk T Ak TR S T S A AR TR A
wr BN B RS I ERLO B BLI T RE S ACN
FIEAFHLA A K WFFERIE , PERK /eif2a
15 5 38 VTS 5 | A Y 200 L O T PT RE 2 ACN S BUH
YA R R

WEAR TG LR 3-34 g/ 2 (1 P4 B (phosphatidyli-
nositol 3-kinase/protein kinasen B, PIBK/AKT)(5 5 il
BB JE T IR AR T AT S S
FEIE AR T % . AKT & PI3K A 8 F I %
TR 2 — BG4 PI3K TG Ak AKT, 2 )5 il i
XTI U RS 40 1) W TR Ak Ok A 45 4 A A H5E AN W] Y B
ie™ . PI3K/AKT {553l a0 i , R 1k Bad 11
2 R [ H 5 Bel-2 A Bel-xL Y505 — 5
1 =T I i1 I 0 Ot R 11 5 S S DR o =

(reactive oxygen species, ROS)7E 41 fitd PN A4 484 i m] i1
TG BE R IR BEIR G, AKT LRIk, FECT A
KA I R B HE I T AR ™ 5 R B AKT 3
I J5 AT LA I ROS (7= A1 A BB 3R, 4
N ROS AYHE AT PIBK/AKT {5 51l % , i — 20
SIUE ML T B, A A BAET ISR 45 R
T, ACN W2 PEYL B85, Al A8 K BRUH2H 805 ot
AR 5 DRI

Zi I, ACN 1l 5 R FF A 2L Ak B 447 , i ROS T
P PIBK/AKT {55553 B ifii i — A 0s e b AR 1
WA R A T, R, A5 AR PIBKY
AKT {5 5l FE7E ACN 5| Y K B 28 M 453 475
FIAVE R AL, A ACN B 35 VR R 5 S ik Bl 27
Hedls

1 # #1575 % (Materials and methods)
1.1 W R

60 H SD MK R, 7R i & 180 ~ 220 g, SPF
0 E HR P B 2R R s sL i ol s &
KSR S SCXK (H)2015-0002 , 52 5 15 it 4 4% i 27
5 SYXK(H)2015-0005, K Flid b M4 5% 1 f e,
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WA T BE ML 3 B0 B2 3 SRR i ACN JL g
HMT W, 12 H o XMRAS T EARMMEE ,
ik b Al E g F R 4 0 45 T 11.5 mg-kg™' \23.0
mg-kg™' 46.0 mg-kg”' ACN EH , T A Tht
AT N-2 Bk 5L Bk 2 12 (N-acetylcysteine, NAC)
300 mg-kg ' H 30 min J5 , 4 H 46.0 mg-kg™' ACN
PFBCCRFEFR R NAC 4]), & HRKREE AN
50 mL-kg™", BERE 2 d BT R R E 1 R L S
1 W-d",6d-J8™,i%ESE 28 d, ACN Y3 il 2 ik 4
AP ARG R IR e . Ao T 22 MR
TGRS b1 St
1.2 T2

ACN( Hr &, 4l FE >99% , K gl fs, o ),
NAC(Amresco, USA), BCA i 7 £ (Thermo, USA),
BSA .RIPR ZLfi# i F1 PMSF(dt 5t & 36 524 PR A
), R (04K [ 4 Marker(Thermo, USA), ECL %
(= RAEYFHEL AW, H [E), TUNEL i
& S A R A, T E), PBK —#t
(AR \p-PBK —HL(ARPLE) AKT —Hi(RPLE)
p-AKT —Hi (Pt il) .Bad — (i) . p-Bad —Pi
(PP FL)(Cell Signalway Technology, USA), Bax —#ii
(BBt Bel-2 —Hi (i i), Caspase-9 —Hi (b
fl) JHRP Aric L2t % —H1 .GAPDH —Hi (%t i)
(Signalway Antibody, USA), Cyt ¢ —$t (% ¥ F).
Caspase-3 —PL(F P B ) (Cell Signalway Technology,
USA), Trizol i7(Thermo, USA),cDNA JZ % 57
% .PCR ¥ 141 | £ (TaKaRa, Japan), PI3K , AKT .
Bad ,Bcl-2 ,Caspase-9 ,Cyt ¢ #1 Caspase-3 5|%)J(TaKa-
Ra, Japan), DEPC(Sigma, USA), #A K &1 2.0 41
(Microfuge 22R ,Beckman coulter, USA), i, 1k % 5
JKE 1% & 48 (ChemiDoc XRS+, Bio-Tek, USA), PCR
P14 (iQ5 Multicolor, Bio-Tek, USA), PCR il &Y
(NANODROP 2000c¢, Bio-Tek, USA), J:2# . i34 (U-
RFL-T, Olympus, Japan),
1.3 TUNEL ¥EAGIN A B2 A A 0 727K

WAL R s KAGSS & RS K 37 °C I
16 10 min, TBS ¥t 3 W, MEH W, 37 CCE 30
min, AP RS B4 37 CTRCE 30 min,
TBS %t 3 ¥X. /il SABC,37 °CJi’# 30 min, TBS %t 4
K., DAB B Kk, HARRBRER )G, KUk, Ht
5 R, eE R AR T O, vk Al
TR ILSCHEk[16].,
1.4 gRT-PCR £l mRNA Fik

PIEUITF£H4 70 ~ 100 mg, il 4 °C ¥4 Trizol ¥,

30 s,-80 CUKFHLIT . WRESFES:, N4 CHid
05, EIE Y 15 s,4 °C 12 000 r-min™ B.0 15
min, B L3, B350 pL, ilA 4 CHld SR EE, &=
¥ , 8% 10 min,4 °C .12 000 r-min~' &[> 10 min, 3
3. AEUtiETR A 0.1% DEPC Bl 1Y 75%
LW PEA) 4 °C 7500 remin”' B0 5 min, 7 I,
TLEMIHANA 4 CHiYE 0.1% DEPC /K, $%2), HU1
RL, ZEFE Ay /Ay BILUAETE 1.8 ~2.2 Z [A] A it
A7 S Bt i S 3, TR ARV 0.1% DEPC KA B8
FH 5 240 1 W SCHER[16],

VEFE 20 wL R SRIAR  OSRAM R :37 C (15
min,85 °C 5 s, 153 cDNA #it, -80 °C vK4Hi {347
B, VRIKZREE N 25 wl, 51 1 R,
PCR JZ ¥ :95 CFiAEM: 30 s—95 °C7AE M 10 5,60 °C
1Bk 30 5,72 CHEMH 30 s, 3 50 PMEFR—60 °C 15 fif
15 s, 3L 71 83K, K Pfaffl 35204 H 59 2L [H
mRNA XK

HHARWT .

PIGHOE . E=(R, /R, )" A !
KA B RREY M AT EEEEA 2 48
R, Ry H A BIX2 SR IAE; C, Al Cp
A BIX2 BT C A,

mRNA A%} F 57K Ratio= E, * “4/E, * 0
X AC, FoRxTIRAL A Y FEN 5505540 B A9 3£
) CAHZ 25 AC, Fnit A NS EH 555K 4
WBENA C HZ 2, E, 6 H A A 183
R, E) ForRn NS I (B-actin) Y HECR
1.5 Western Blot 468 11 2534

UK BUIFZHZE 100 ~200 mg, $4 1THE 18 i B (2)
: RIPA ZU#(mL) M 1 = 10 AT ARFRZS 4 C
A B RIPA S W, vK K G WFBE A 3 4 °C |
12 000 r-min' B0 15 min, B4 Fig . BE LW E
4 pwgepl™ BB E W 5 min, BULAEE B -80
CUKFE &, g P DL SRk 161,

i 3 1 e —SDS-PAGE B Hi ik — %6 fii— 5t 4]
—>—PUIEE - YU E B, R H R
HH Image J 53 M4 (3E E NIH 22 53T K EE 4 HT,
/{1l

H 5 A 26k 1 = B W8 [ 2400 KB (A
WS R0 KA
1.6 it

1 SPSS 22.0(2 [E IBM A 1) #4752 56 45
G3HT. BERLL xxs Fow, LR 2 7 2243 1 (One-
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Way ANOVA), J5 2% 55 H] LSD-t ¥ 55, Jy 25 A 5%
Dunnett’ T3 5, #56 7K 1 «=0.05,

2 453 (Results)
2.1 TUNEL AN BRUH- 20 B Y A 7

WE 1 Frs  ACN AR rhRl A A TR 2
ACN 1%, Pl i 20 0 T 20 B S 0 B2 i 5 0 2 (P
<0.05); NAC 415 ACN &l 41UH He s T 20 i 4ioe
322 57(P>0.05),
2.2 ACN XK FRUHME PIBK/AKT {5530 #% (19 5 il
2.2.1 ACN XK EUTFHE PI3K/AKT 18 B8 AH 56 3L A
) 5% )

WA 2 Fr7s , mRNA A X 2 08 7K K6 2% 2 4
7R, ACN " i A B0 IR A pidk 61k /KF 3%
FEAIR(P<0.05); akt F357KF- ACN 5] £ 2H [ 1) 22 57
TG it 5 X (P>0.05), pidk Fl akt 723k 7KF NAC
5 ACN =AM A, 22 R G248 (P
>0.05),
2.2.2  ACN XK EUFAE PI3K/AKT 3 #% AH G 8 1
) 5 M)

B g2 BT VA (WB)I 2 B AR X 22 38 7KF 4 (&
3 7N, PI3K R iA 7K ACN F 5| 4 21 45 o iR 4 I
FFEK(P<0.05); p-PI3K . p-AKT 357K F ACN &
T A A0 REZH I SRR (P<0.05), AKT kK F-
ACN #5754l 8] 1) 22 % L4124 5 L (P>0.05),

PI3K KA /KF NAC 245 ACN = 77l i AR A
F T R(P<0.05),
2.3 ACN X KBTI T A 52 i
2.3.1  ACN X K B4 B T AH S DR A
mRNA AH % 2 35 74 I 25 SR an 18 4 s,
bad caspase-3 3% ik 7K ACN H57) & 2H B0 %) HR 240 i
FETHE(P<0.05), bel-2 Fih K- ACN K 5 2 30Xt
W 7K - 3 AR (P<0.05); eyt ¢ 157K F ACN
7 i ZH BN R W 2 T 151 (P<0.05), bel-2 3Rk K1
ACN Hh 5 i 20 000 FR 28 1 25 IR (P<0.05) ; bad 3k
JKF ACN oy 77 it 20 200 B2 Wk 38 T, bel-2 3Rk
JKF- ACN =5 771) 1 21 5 6 R 24 I 35 1K (P<0.05).,
bad Fi57KF- NAC ZH# ACN & 7 & 4H B Z AL (P
<0.05),
2.3.2  ACN X KB4 3 T AH G H A0 520
WB 2 8 A X R iR K5 R an ikl 5 s,
pro-Caspase-3 K 7K ACN IG5 5 21 2 %) B 2 &
F &AL (P<0.05), cleaved-Caspase-3 % iA 7K ACN
Rt 20 00 BR 2 i 3 5 (P<0.05); p-Bad |, pro-
Caspase-3 FiA/K P ACN HR5) i 2H &0t IR 4 I 5 F%
iK(P<0.05), Bad , Bax Fll Caspase-9,Cyt ¢ ik K
ACN i) i 21 5 % B A 8 3 T /5 (P<0.05), Bel-2/
Bax {5 ACN F 7| 41 45 %t B 2 i 28 [ AR (P<0.05) 5
p-Bad .Bcl-2 fil pro-Caspase-3 ik 7KF ACN &7 &=
ZH AN R 2H i 35 [ AR (P<0.05) , Bad . Bax . Caspase-9 .

x1 BFEASIMFIRTERE

Table 1 Primer sequence and product size of each gene
e # PR 319 ElL/2) P HIK B fop
Genes Primers Sequences Product size/bp
itk Forward 57 -AGCTCCTGGAAGCCATTGAGAA-3’ 177
Reverse 57 -AGTCGGCGAGATAGCGTTTGA-3’
akt Forward 5’ -ATGGACTTCCGGTCAGGTTCA-3’ 126
Reverse 5’ -GCCCTTGCCCAGTAGCTTCA-3’
bad Forward 5’ -CCAGAGTTTGAGCCGAGTGAG-3’ 130
Reverse 57 -GCTGCTGCTGAACGATGCT-3’
bel.2 Forward 5’ -GACTGAGTACCTGAACCGGCATC-3’ 135
Reverse 57 -CTGAGCAGCGTCTTCAGAGACA-3’
Forward 5’ -TGATCCTTTGTGGTGTTGACCAG-3’
e Reverse 5’ -GACCATGGAGGTTTGGTCCAGT-3’ 140
caspase-3 Forward 5’ -GAGACAGACAGTGGAACTGACGATG-3’ 147
Reverse 5’ -GGCGCAAAGTGACTGGATGA-3’
Forward 5’ -GGAGATTACTGCCCTGGCTCCTA-3’
B-actin 150

Reverse

57 -GACTCATCGTACTCCTGCTTGCTG-3’
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B1 AHEE(ACN)BKRFAASDHEMAAT/KE(TUNEL &Y F) (5 KEE.400%)

e XA L, * P<0.05 ; [ (a) g X BEAH 8] (b) Ik ACN ZH(11.5 mg-kg™"), El(c) k" ACN ZH(23.0 mg-kg™"), ¥l (d)H 7 ACN ZH
46.0 mg-kg™"), #l(e)l N-ZBEH 2K HEZ R (NAC)Z (300 mg-kg™' NAC+H6.0 mg-kg™ ACN), () U8 1= B 40 M 55, v8 T/ IMALE I v

i kAnsR  BOALEEHL s AR T/ MAAN B BRI, BN 3,

Fig. 1  Acrylonitrile (ACN)-induced apoptosis in rat liver tissue (TUNEL staining) (magnification: 400x)

Note: Compared with the control group, * P<0.05; (a) shows the control group, (b) shows the low ACN group (11.5 mg-kg™"),
(c) shows the middle ACN group (23.0 mg-kg™"), (d) shows the high ACN group (46.0 mg-kg™"), (e) shows the N-acetylcysteine (NAC)
group (300 mg-kg™' NAC+46.0 mg-kg™' ACN), (f) shows the number of apoptotic positive cells; apoptotic bodies were marked by arrows

in the figure; five visual fields of each film were randomly selected to count the number of apoptotic bodies, and the average value is taken; n=3.

pi3k mRNAMINFF K-

pi3k mRNA relative expression level

(@) x (b)
1.op ! N 1 E 20
s =
08F H% 2 ,T
® 8 1.5F
(=5
0.6 F ﬁé Z
=2 10f
0.4F <Z< ks
T Z:
02F EZ 05p
: 52
5
0.0 re—~ 2 00 r—
Fo B Fo B
Py P P T O Py Py Fe T I
P T o s T8 Ve IS s T
SIS AR 8Y LY RV XY
R R $ ¥ ¥ & F
¢ s & ¢ S
V ., V .,
¥ ¥

2 ACN 3tk BRAFRE pi3k 0 akt mRNA 4833 R3E 7K F RIS (n=6)
o+ 50 AL L, P<0.05 5 () pi3k mRNA FIXFRIAKT, El(b)A akt mRNA HIX k7K
Fig. 2 Effect of ACN on the relative expression level of pi3k and akt mRNA in rat liver (n=6)
Note: Compared with the control group, * P<0.05; (a) shows the relative expression level of pi3k mRNA,
and (b) shows the relative expression level of akt mRNA.
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(al) NAC 300 mg-kg™

+
ACN
Control o mg-kg™!
11.5 23.0 46.0 46.0
85 KD e s s Pk
37 kD e GAPDH
NAC 300 mg-kg™
(b1) +
ACN ACN
Control mg kg
11.5 23.0 46.0 46.0
60 kD W S —— KT
60kD o W "SR o AKT
37kD GAPDH

E3 ACN X kR AFRE PI3K/AKT & BB X EARMHEMRE

(@2) =%l Control group

3 fIlRACN4] Low ACN group
= 'FACNZ] Middle ACN group
= = ACN4] High ACN group

25T @m NACHL NAC group  «

2.0F

iaid

PIBK

B R ik

Relative protein expression

p-PI3K
(b2) 3 XHE4] Control group

23 fIlACNZ] Low ACN group
@ 'ACNZ] Middle ACN group
2.0r wm £ ACNZ] High ACN group
@ NACZ NAC group

o ﬂﬁ*m_

AKT p-AKT

W

M RIR
Relative protein expression
=

YN (n=6)

T XA L, * R P<0.05; [El(al) (b1)53 51 PI3K p-PI3K Hl AKT p-AKT # 1545, [£1(a2) . (b2) 4} 414 PIBK
.p-PB3K Fl AKT ,p-AKT & I Kk i,
Fig. 3 Effect of ACN on the relative expression of PI3K/AKT pathway related proteins in rat liver (n=6)
Note: Compared with the control, * represents P<0.05; (al) show PI3K and p-PI3K protein bands, and (bl) show AKT and p-AKT protein bands;

(a2) and (b2) show the relative expression levels of PI3K and p-PI3K, AKT and p-AKT proteins respectively.

Cyt ¢ Fil cleaved-Caspase-3 ik 7KF ACN =5 & 41
BT R4 183 T (P<0.05) , Bel-2/Bax {H ACN = 7
2 AU IRAH B FER(P<0.05), p-Bad ,pro-Caspase-
3 FKKF NAC 4 ACN 5 7 1 241 B 3 TH 5 (P<
0.05), Bax , Caspase-9 Fil cleaved-Caspase-3 3 ik 7K -
NAC 214 ACN =74 i 3 AR (P<0.05).,

3 1118 ( Discussion)
3.1 ACN WS R A AR T T

AT, K ACN 4435 28 d Jo, AT 4 i -
Wz, DRI A B, 5 X REAH AR L3, T2
bel-2 mRNA AHXF R IAKCF7E ACN IR il i
HB A0 3 FEAIK ; bad mRNA AHXF R IEKF-7E ACN fIX,
{2 f 5 caspase-3 mRNA AH X 2R3k K F-
15 ACN IR & 2H 35 19 55 5 oyt ¢ mRNA A Xf R ik
KFFE ACN Hfll a2l i s, WB 455 R, 5
Xt BRZHAH 552, 40 I pro-Caspase-3 25 FAH X 2 ik
JKEAE ACN I v 57 8 4H AR B 35 PR AIK ; cleaved-
Caspase-3 & FIAHXT K K- 76 ACN ik, & 7l a4l
b E 4 s Bad 8 AR R IEKEAE ACN w7l

S W E NG Bax &R (AR X R K K AE ACN i
15 70 2H I 35 1 R Caspase-9 85 A X 22 3k K A
£ ACN =550 i 4 B 2845 57 Cyt ¢ B AT R IR
JKEAE ACN W i 5] i 41 5 35 4 7 ; p-Bad 25 1 4H
XFFRIRACEAE ACN | (i il it 2 b 25 R A1 s Bel-2 2R
FIAR X 338 /K 76 ACN =5 751 4 41 4 3% B A 5 Bel-2/
Bax W FE ACN i 5 5 20 24 b 25 IR, X i
B, ACN AT i JHF- 448 e i ol 9 1 ) R G PR 1) 2R ik
ZEAE, AR TR A S R B S, XS
TUNEL £ 0 & B8 T~ 20 f i 2 i 45 R AW &, A
FEARSEIG 254, AN T2 E 719 mRNA AT
FEIR KRR (AR ST 3 3R 7K X ACN 71 42 A iUk
PEAH AN,

NAC ZZ IR L bt 2 i F1 4 bk H BK (GSH)
() AL T AR B, HAE TSR P 53, 5 0klR]
N I R O AV =~ S N D T
ROS, # #z Jp 267} 3, NAC W] i i3 Bt A 1k it
ACN 5| & 1 S JU 40 B3 05 A ORI VE . ok i v
EI LI NAC T U5 n #5450 ACN 175 5 K B 21
SR A AN 2 e S HGE NAC TREIE ACN
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Fig. 4 Effect of ACN on the relative expression levels of bad, bcl-2, cyt ¢ and caspase-3 mRNA in rat liver (n=6)

Note: Compared with the control, * represents P<0.05; (a) shows the relative expression level of bad mRNA, (b) shows the relative expression level

of bcl-2 mRNA, (c) shows the relative expression level of cyt ¢ mRNA, (d) shows the relative expression level of caspase-3 mRNA.
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Fig. 5 Effect of ACN on the expression of apoptosis-related proteins in rat liver cells (n=6)
Note: Compared with the control, * represents P<0.05; (al) show Bad and p-Bad protein bands, (bl) show Bcl-2 and Bax protein bands,
(c1) show Caspase-9 and Cyt ¢ protein bands, (d1) show pro-Caspase-3 and cleaved-Caspase-3 protein bands; (a2), (b2), (¢2) and (d2) show

the relative expression levels of Bad and p-Bad, Bcl-2 and Bax, Caspase-9 and Cyt ¢, pro-Caspase-3 and cleaved-Caspase-3 proteins respectively.



354 s #F

i

Fook 18 &

ARFF TS5 oR, 5 X R4 AH H, ACN Hr)
21 pi3k mRNA A X & ik K S i 2 B A%, PI3K 25
AHAF KK 2 FAAIG ; ACN TR 7724 pi3k mRNA
AR5 7K 2 2 BRI, p-PI3K | p-AKT 25 H AH Xt
TR EREAR, XAR/R )5 ACN Y455 52
T pi3k mRNA FIE KA, &l 5 ACN B 8 52
T pi3k mRNA F1 p-PI3K . p-AKT % 4 % i5; ACN
SR B i R = AR f b N T 2 T N s R 4
PE” BTFTA IR IRAMIGY, NAC 4 PI3K £ AT
TP ) ACN 4 B &, B e
KEPUEAFIERS , 7T ACN X} PI3K 4 14
XFFEIB K-, X AR ACN X R BRI B 3k
AL PBK/AKT 15 5 ), 28 w4 o 1 4
ML T

FEARSERG 2T, KRR 217 A4 T 9 B2 ok
5 MIE N AR A Sl R4 AR A R il
TEMETH T A 20 A SURRE MR, A B H AR
L, N S BT . ACN 1l 5K B
i E ALK T, NAC Al 848 ACN 51 A R BUF
EE AT, R, ACN 55 A A AL 4 PI3K/
AKT {5538 5% A 190 61 R0 £ A A 8 T2 38 428 1) 8% v
ABJE ACN EK B4 5 45 1) = ZEHLAH

BEEBEN T2 21962—), &, %+ 2%, LA H
CEES LY

£ 2 ik ( References) ;

[1] Cole P, Mandel J S, Collins J J. Acrylonitrile and cancer:
A review of the epidemiology [J]. Regulatory Toxicology
and Pharmacology, 2008, 52(3): 342-351

Poustkova I, Poustka J, Babicka L, et al. Acrylonitrile in
food contact materials - Two different legislative approa-
ches: Comparison of direct determination with indirect e-
valuation using migration into food simulants [J]. Czech
Journal of Food Sciences, 2007, 25(5): 265-271

Nazaroff W W, Singer B C. Inhalation of hazardous air
pollutants from environmental tobacco smoke in US resi-
dences [J]. Journal of Exposure Analysis and Environ-
mental Epidemiology, 2004, 14(Suppl 1): S71-S77
Ventura K, Eisner A, Adam M. Determination of acrylo-
nitrile in materials in contact with foodstuffs [J]. Central
European Journal of Public Health, 2004, 12 Suppl: S86-
S89

LLIEGHE, 490, 25 AR %0, 5. VAR X/ BRUIT 20 205 o
i E AL R R e [T, 2 2R AR, 2011, 25(5): 357-

[5]

[6]

(9]

(1]

(13]

[14]

[16]

(7]

360

Ma G Y, Jin N, Li F L, et al. Effects of acrylonitrile on
lipid peroxidation in the liver tissues of mice [J]. Journal
of Toxicology, 2011, 25(5): 357-360 (in Chinese)

W, B, WL AF. NI S A S A B EON KB
JETEE PN J5i 090 3 3845 5 3 i 9 52 T 7). AR S B J 22 4,
2018, 13(2): 77-83

Pan L, Wei Q, Gao X, et al. Effects of acrylonitrile-in-
duced oxidative damage on endoplasmic reticulum stress
signaling pathway in rats’ liver [J]. Asian Journal of Eco-
toxicology, 2018, 13(2): 77-83 (in Chinese)

Mendoza M C, Er E E, Blenis J. The Ras-ERK and PI3K-
mTOR pathways: Cross-talk and compensation [J]. Trends
in Biochemical Sciences, 2011, 36(6): 320-328

Lam L, Hu X Y, Aktary Z, et al. Tamoxifen and ICI 182,
780 increase Bcl-2 levels and inhibit growth of breast car-
cinoma cells by modulating PI3K/AKT, ERK and IGF-1R
pathways independent of ERa [J]. Breast Cancer Research
and Treatment, 2009, 118(3): 605-621

West K A, Sianna Castillo S, Dennis P A. Activation of
the PI3K/Akt pathway and chemotherapeutic resistance
[J]. Drug Resistance Updates, 2002, 5(6): 234-248

Chong Z Z, Li F Q, Maiese K. Oxidative stress in the
brain: Novel cellular targets that govern survival during
neurodegenerative disease [J]. Progress in Neurobiology,
2005, 75(3): 207-246

Schiirmann A, Mooney A F, Sanders L C, et al. p21-acti-
vated kinase 1 phosphorylates the death agonist bad and
protects cells from apoptosis [J]. Molecular and Cellular
Biology, 2000, 20(2): 453-461

Datta S R, Dudek H, Tao X, et al. Akt phosphorylation of
BAD couples survival signals to the cell-intrinsic death
machinery [J]. Cell, 1997, 91(2): 231-241

Valera A, Pujol A, Gregori X, et al. Evidence from trans-
genic mice that myc regulates hepatic glycolysis [J].
FASEB Journal: Official Publication of the Federation of
American Societies for Experimental Biology, 1995, 9
(11): 1067-1078

Nogueira V, Park Y, Chen C C, et al. Akt determines rep-
licative senescence and oxidative or oncogenic premature
senescence and sensitizes cells to oxidative apoptosis [J].
Cancer Cell, 2008, 14(6): 458-470

e, BB, A8, . GG I 2b: e 3 BOR BUIT
405 B LT RE WL R[], 55 B2 22 7, 2020, 34(1):
10-14

K8 . PLK/AKT {5 ¢ 16 PN s i 175 3 19 K Sl AT 400
H g T BRI D). 22 229 R7E, 2019: 1-37
RS, B, W, 55, I I 75 S 00 U On



42

KR 25 - U I BOR UM AR # 00  PRKVAKCT 55 1 B ) £ ] 355

KR I NF-xB {5530 5 (10 5200 (1], A 25 8 HLAE AR,
2016, 11(4): 155-160

Zhao Q L, Luo B Y, Pan L, et al. Effects of oxidative
stress induced via acrylonitrile on NF-«B signaling path-
way in rats testis [J]. Asian Journal of Ecotoxicology,
2016, 11(4): 155-160 (in Chinese)

TKEGE, LA, R R, 4. NS B8R NF-«B {55
T PSS S R BN 4 2 AR A N R[], AR A T A AR,
2020, 15(6): 186-194

Zhang R P, Wei Q, Gao X, et al. Acrylonitrile exposure
induced oxidative stress in rat brain tissues through the
NF-«B signaling pathway [J]. Asian Journal of Ecotoxi-
cology, 2020, 15(6): 186-194 (in Chinese)

T, ik B, EBT, . TG R R K BG4 4
10 Bz iINOS/p38 MAPK {5553 [ B 2 1 Rk 1 3
M [J]. ASFFEHR, 2018, 13(2): 84-90

[20]

(21]

Luo BY, Zhang R P, Wang K, et al. The effects of acrylo-
nitrile-exposure on brain tissue and the key protein ex-
pression of iNOS/p38 MAPK signaling pathway in rats
[J]. Asian Journal of Ecotoxicology, 2018, 13(2): 84-90
(in Chinese)

Suo L D, Kang K, Wang X, et al. Carvacrol alleviates is-
chemia reperfusion injury by regulating the PI3K-Akt
pathway in rats [J]. PLoS One, 2014, 9(8): ¢104043

Song G, Ouyang G L, Bao S D. The activation of Akt/
PKB signaling pathway and cell survival [J]. Journal of
Cellular and Molecular Medicine, 2005, 9(1): 59-71

Yang P, Zhao J Y, Hou LY, et al. Vitamin E succinate in-
duces apoptosis via the PI3K/AKT signaling pathways in
EC109 esophageal cancer cells [J]. Molecular Medicine
Reports, 2016, 14(2): 1531-1537 L 2



