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Abstract; 6:2 chlorinated polyfluorinated ether sulfonate, known as F-53B, is widely used as an important substi-
tute of perfluorooctane sulfonate (PFOS) in industry, which may bring serious environmental and health risks. In

this study, we will explore the potential hepatotoxic effects and related mechanism induced by F-53B in human
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hepatoma cells. Three perfluorinated compounds, including F-53B, PFOS and perfluorooctanoic acid (PFOA), were
selected to assess their effects on cell morphology, cell viability and apoptosis in HepG2 and Hep3B cells. Markers
of oxidative stress, such as reactive oxygen species (ROS), catalase (CAT), superoxide dismutase (SOD), were com-
pared among these three compounds. The protein levels of several apoptosis-related factors were also detected after
chemicals exposure. Treatment with F-53B resulted in strong dose-dependent decrease in hepatoma cell viability,
the effect of which was significantly higher than those obtained in the group treated with PFOS or PFOA. F-53B
induced ROS release and decreased the activity of antioxidant enzyme CAT. F-53B also caused cell apoptosis,
which was proved by the increased expression of pro-apoptotic factors (Bax, Caspase-3, PARP, Caspase-9) and de-
creased expression level of apoptotic factor Bcl-2. F-53B can induce hepatoma cell apoptosis and oxidative stress
through mitochondrial intrinsic pathway.
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490 % B it 2 (perfluorooctane sulfonate, PFOS)
SR AR KA L R R 2 RS
Wz —1 ) YRR, PFOS X A= Wik HAT AN B
WA PN BostESEY ) T IHE
AR, 1 R 3M A R 2 4 E 8k
PFOS, IR T — R 5 it PRl iz A & W i A= 7
AT S BOIE AR K X PFOS B AL i 75 R 1 o 3 ™!
6:2 S Z e FE ki 12 (6:2 chlorinated polyfluori-
nated ether sulfonate, & i 44 F-53B)/E A PFOS A9
PR Z — 78 1975 4| e v R LA
MLAR 2= B 55 B F & 91 S L 98 T 9 4170 25 551 il
U, HET F-53B 76 E A S M fl i g L S
HoAT AR = 200 20 ~ 30 t, Fiit AR SR 08 5 2k 1
Tt X F-53B 194 7 5 HE O 6 H AR 9 BR
il , B s HAE TR KA | IS5 PR A B A A
FEa R B4 DX vk B EE 2 = T PFOS,
WA BT B IR FERS B2 =2 B i PR di MR H AN BE Y
JHF R F s I 38 T AR BE Y F-53B, IESE F-53B B
PLHE BB AR Y, i@ ik COSMOtherm 35 5%
i) F-53B 5 PFOS Y 1E 2 /7K 73 it 5 50 Koy ) 3R
W],F-53B (A9 RARE Jy vl e T PFOS!'Y, F-
53B 7EREFL 48 W PRV S5 N ARRE i b 3 3 A
TS S N A I TE T F-53B Y R R A
99% , EFZ /KA 1.55 ~8.64 ng-mL™' Z [, 5
— TG ) & BRIV P F-53B ek B R 1.26
~334 ng-mL™", WL H] F-53B 5L% E IR & A
JOEL ] it 2 ] S AR DRk i B TN AR 0
B, H I F-53B B2 Al 53k 5.04 pg-mL™'*,
F-53B R 5 ) 2 K s ok T K R 58
AU

F-53B VE R MR FHE A 40 248 (H

BEPEFGE IR AR D, A R B I A T8 4 B 5% SR
F-53B A fig & B IR 5 % . N o W ) fg ZE AL
U272 Rl A S E S SR R 4R Y F-53B
LA IR T | oh 2 3 M Al Rk B AR
FE 2013 AF B RARIE T F-53B 765 5 fo (1 vk
PE(LCyy g6, =15.5 mg- L™ A W58 i 3 1 17
R FRUN P9 1 2 A 7] 75 2 ) PFOS #1 F-53B, WL 4% 5]
F-53B ZH 33 B o Y g A= B R Ak, 3R W] F-53B H
At PFOS BT 7™ 5 1 #f 2 B P i I EAE A F-
S3B AEWERN B E 2 P R
ZRN TR B ARG LRI -2, HFRFE
B F-53B mI 8RR 6L — T 08 2 i
RUBFFE A 17 S IH [ % (serum total cholesterol, TC)
AT 1 H I = R (triglyceride, TG W FEAIE™
SRMAE DT — WA 5 iR 8 T A — B 45 51, TC
TG #[E T =2, 1 A — 2 S 09 V8 H AL
ANWE, WEAN, F-53B 0] G o o 1 1k A 1k A i A
14 B W) 18005 3% K (peroxisome proliferators-activated
receptors, PPARs)Fl1ZE4¢ X 5Z 1A (pregnane X receptor,
PXR)H 415 GRS (H 2R BE MM S 7 2
— A5, JF ARV F-53B 5 AR DR %S
BEAS ARSI E KT PFOS 5 HE G, R
#ii F-53B 1 PFOS 45 #4 B A RL1E , F-53B Al fE 2 5
&L PFOS R HFAEREPER . HET F-53B B9 fiF
JEEE PR IO 1 AN B , DR e X F-53B JF S AH OC B
PR B 2R L ARG T A 4 AL A
HepG2 il Hep3B, #4815 1~ F-53B 11 T4l i 75 14 S
TELENLH, A BLATEMY F-53B I8 XU $ (i 30 4%

1 ##57% (Materials and methods)
1.1 SEgiEs
FLAARG AR 15 IR A8 (H AR T 22w, MCO-
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20AIC), A=Wy AR (1 5 e 22 DL PG A W R B
/], BSC-110011A2-X), 4= K Z Dy RE MR X (€ [H
BioTek 7 7, Synergy HIM), {8 & & 73 5% (OLYM-
PUS F1EEIINAA 7], CKX53), /N & 5 550 HL
[ Eppendorf /A 1] ,5425), B B PCR 4L GBI hn 3%
Life 23 ], Proflex), »¢ ) &2 &t PCR X (G¥7 N3 Bio-
Rad /A 7], CFX96 Touch), X {4 21 41 %¢ 6 Wi 1% % 4t
(32 I& Bio-Rad 7~ F], ChemiDoc MP Imaging Sys-
tem), /K ¥ i (0 B 1 —fE R AT BR A ], BWS-
0505), 540 AT UL 43 50 B2 1 (35 EI#€ 8K €, Nanodrop
one) , 4z J& W (M K BRAL A BR 22 W) , DKT200-
2), TR U ([ 95 M DL v B P R A R A
PR3 W), CytoFLEX) , 40 M HEU (th RIVL 5 i A= 9
Bl FR2 ], JIMBIOCL),,
1.2 SEHHAH

NI 41 i HepG2 Al Hep3B Il [ 3¢ [ ATCC
/vw] , DMEM =y Wi 85 9 5L W R +h 22 v (PBS) i
A 17 (FBS) M 75 4% B3 R IR A W W) ¥ H 55 [
Gibco,F-53B 4] =99% , Wy [ H & V136 4= W B 4
FH PR/ ], PFOA PFOS 4% =99% , ¥l { H# [H
W2 VEAR/A W), Annexin V-PI J8 TR % & fl CCK-8
IR B b 0 R AR AR R A R
] ,SYBR Prime Script RT-PCR 5 &l [ 1 [E 5
TUEMERELE MR AR A IRA R 20,7 - O
AL (DCFH-DA) I A 8 J7 A Y B AT
FR S W], CAT  SOD 6 Ik 7] &5 W 1 v 1 e ot 2 B
H IR A BRZA F] L, T Bax Pt Bel-2 , Apoptosis Anti-
body Sampler Kit Il F 3¢ [ Cell Signaling Technolo-
gy Il
1.3 Ziffussse

HepG2 Fl Hep3B ZHHMIARRFHANA 10% FBS 100
U-mL ' HFEHZEM 100 pg-mL 4555 Z %) DMEM &5
FRFRHEHATER SR Wi FR 55 R 37 °C (5% CO,, 4 i
K& 80% ~90% I AR HEATIEIR, #£ 37 CKIBRHR
PR R RGR] B e s s R AL B PBS BRI 4
JiLJE I 0.25% 114 iR 2 1 I £, 002 21 200 Jf 5t 7%
JE AR FRIELZE 4,1 000 r-min™' B0 5 min,
F5 2 WO INAH 1 7R IR ST R A
F2 MG 2 ~ 3 R FAL T X6 B K 0T A 4 ot £ 7
AR AR N e S v O e R T Gl Dk S
PR S S AR AR
1.4 4HAETE i

20 M 5 P A 38 3 4 40 7] & -8 (CCK-8)

JriaE . K8 K 1Y HepG2 F1 Hep3B 4i ity LA
5x10° 1.5x10° 4~ - fL™' FAl 75 96 FLAR b, Ff-fif HoAE
24 h, F-53B PFOA PFOS ] DMSO i fift e fil
1 mol - L7 AY BRI, KE 40 B 43 B 58 T 1000,
500,250 125 62.5 3125 .15.625 .7.812 3.906 wmol -
L'y PFOA .PFOS .F-53B /1 % FAHZFE T 0.1%
DMSO H (41 i 7 1 I 72 45 3R 7% 0.1% A9 DMSO
XTAMTCEEYE), BRI E 3 AT, A MR R
72 h )5, BEFLINA 10 pL 40236 1 & ik ) CCK-
8,4 96 FLHE T 37 CHEEFAETTIEE 2 h, (1 i
FRAAEWEIGRE 450 nm (9 2548 A 0 40 76 g, i
H Graphpad Prism 10 5t 20 0C R Ah £, 4 i AH
XHE F1(% AR

(0D, ~OD 1, )(OD 445 =OD )X 100%
1. OD .y, N S B2 WS BE{H ; ODy I %S TR
FEIEE ; OD P FRALW O E R,
1.5 ROS illsE

T PEAS HepG2 #1 Hep3B 4 i = Ak 1 1% 1
A K AR A 96 FLAR N, 11 J5 4 HL R B T A
WY %) F-53B  PFOA .PFOS H', %5 12 h 5,
T E IR E VR AE 3 3, A 100 wL ¥ A
10 pwmol-L™' ) DCFH-DA #£47ThEGHEF 30 min, ffi
FHZECREHR SN 22 28 Y8 98 00 5 5 41 e 5k
(1) FL AR AR X ROS K-,
1.6 CAT.SOD jill’E

K CAT(A007-1-1) , SOD(A001-1-2) 3% 4 6
o U O = R R P = o
HepG2 \Hep3B 4RI TE 6 FLAR Y , i 50 F 2
# T PFOA .PFOS F-53B "', %% 12 h J5, /i PBS
THUELNME 3 3, A 1 mL PBS WRITH5), 7E VKA 4%
PETF X5 20 48 MR A7 R 7R R iR A RS TE 4
C A ,10 000 r+min™ Z.0> 5 min FHUHE FIHHR .
Fi i CAT ,SOD 71 &5 v B 5 AR U A 54
SO R (PR SR 45 4. CAT ,SOD (3G %
1.7 WaH A s Hr

K H Annexin V-PI ## =187 & PFEAl I 1= %,
¥ HepG2 ., Hep3B 4fl fifd &fi #ie T 6 FL A 1, I ¢
HepG2 \Hep3B 43 H| %2 & T 100 pwmol- L™ ] PFOA |
PFOS F-53B 1 24 h J5., FI A& EDTA [ [ REH
££,1 300 r-min™" ,4 CE.L> 5 min YL ; HBS
) PBS Pk 2 RIFISCAE 2%x10° 41, H 100 wL
EEE G MR RN, B A Annexin V 1 PI
TAEMR(MER P FAMOANI , 4398 FUm A —Fh rge
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X954 F-53B 4 A4 HepG2 1 Hep3 B 11 41 L 2 1 S5 W i 5¢ 235

ekl TSR g i A IR ), S IREHEIFE 10
~ 15 min; B F 45 HJ5 B E A 400 pL % PBS, Jf
JRUPf It 2 4 A S T 240 L 9 T O
1.8 8 i A = s i

B T ¥4l HepG2 1 HepB3 4ii i ' RNA ik,
4 HepG2 ., Hep3B 43 Jill % #% T 100 pmol - L™ (¥
PFOA .PFOS .F-53B 1 12 h, f#i & RNA £
F) £ N 41 o 3R B RNA, I F 3 5 5%k ) &%
RNA 1¥fi %% 5 15 3] ¢DNA, L cDNA Jy #5 #i, ffi 1]
SYBR Green L% 28 £ PCR WAl I8 T4 G 3L A
fIZ%35 . {1 GAPDH 1E A NS 3R it 11 bR ifEfL
FH 2722 AR, TSI 1 s,
1.9 PR

1% HepG2 .Hep3B 73Jil| %% T 100 wmol - L™ Y
PFOA .PFOS \F-53B "7 12 h, i F B il 4 i RIPA %4
il VR it A L SRR TR A W K L 246% 30 min,
F 4,12 000 r-min”' Z.0> 5 min, ffH BSA &
45 B VR, IRl i SDS-PAGE 435, 43
Y B FRE O % B2 21 3R e — 98 & M B (polyvinylidene
fluoride), FH 5% AR W55 WAL P4 1 h, B AR B i) —
PUTE 4 CHIRMATIE RIS , b5 H TBST Pkt
MZPE IR E 1 h, M ECL WM 4, 7E5E
e AGA SR FF 0 B B 11 4%t . (] Imaged )1
X EE A5 AT o
1.10  SEitsrtr

DL SEER I E 3 NS AT R B T AT 4K

PR LA E e A5 fE 223k 7R . i H GraphPad Prism 10
B 2 KA AT B R 7 22 430 (Ordinary one-
way ANOVA)K L3 e AR 22 0] 11 22 S 4 5 B 5 >Rk
Tukey K30 filF 5 22 8 LUEL ; #7 P<0.05, RIS R A
WEWZES

2  Z55 (Results)
2.1 F-53BiASHIMES

FH0.10,100 wmol-L™" f) PFOA  PFOS  F-53B
439175 S HepG2 . Hep3B 4l 12 h, SR J5 76 81 & i
s TS24k, GnEl 1 Fos , 7 DMSO
STHRZH Y HepG2 41 il &2 3k 1E H B % M0 %, I 52 I
Huf K £ 10 wmol - L™ 4 3 Flfb & WAL FE S | XF 41
ML, WK 1 FTR, 78 100 pmol - L™
ABFETT 3 2 24 ) 248 ] BT 14 A, A il 2R
A, AN 2 AN 5%, R R FLJE AR, F-53B
SRR AN AR 100 wmol - L™ 20 Jifa %% 2 22 i sk /0>, 40
M TCEE R R A= K, Al AT & %) Hep3B 41 i 19 12
A5 X AN LS AN, SR 2 A0 i e s | 4n i
B RS A0 A
2.2 YIS I IEAL

F-53B .PFOS .PFOA Ffl| 8500 2 45 SR WKL 2.,
XFF F-53B, 71 i S 1 (il 28 3 28 b 7R T e AR
PR, 76 2 PP A=, 408 M AF 60 pumol - L™
L SR AE RV E R (0 ~ 15 umol-L "), F-53B
XoF 4 R T3 JLP- IR S 255 72 h S 6 3 kS

®1 RATIMREEEREGEEN KM (RT-PCR) B35 #1751

Table 1 Primer sequences used for real-time polymerase chain reaction (RT-PCR)
M 519 G ~37)
Gene Primer Sequence (5” ~37)
1E 1] Forward GTCTCCTCTGACTTCAACAGCG
GAPDH
JZ 1] Reverse ACCACCCTGTTGCTGTAGCCAA
B 1E 1] Forward TCAGGATGCGTCCACCAAGAAG
ax
JZ 1] Reverse TGTGTCCACGGCGGCAATCATC
Bel 1E 4] Forward ATCGCCCTGTGGATGACTGAGT
cl-
JZ ] Reverse GCCAGGAGAAATCAAACAGAGGC
PARP iF Iff) Forward CCAAGCCAGTTCAGGACCTCAT
JZ 1] Reverse GGATCTGCCTTTTGCTCAGCTTC
iF I Forward GGAAGCGAATCAATGGACTCTGG
Caspase-3
J Iii] Reverse GCATCGACATCTGTACCAGACC
iF Iff) Forward GTTTGAGGACCTTCGACCAGCT
Caspase-9

JZ [i] Reverse
1E 7] Forward
JZ [i] Reverse

P53

CAACGTACCAGGCCACTCTT
CCTCAGCATCTTATCCGAGTGG
TGGATGGTGGTACAGTCAGAGC
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AEXT AR %
Relative number of
live HepG2 cells/%

AR A%

Relative number of
live Hep3B cells/%

DMSOPFOA PFOS F-53B

1 ZSHESRIEEBEER(F-53B) . &R EREE(PFOS) . £ 5% (PFOA) 25 /5 HepG2 #1 Hep3B HIHAT &
4 : DMSO 7R Z B (4 F B AR HE2E (n=3) 3 * * P<0.01 ,* P<0.05,

Fig. 1

Cell morphology of HepG2 and Hep3B after exposure to 6:2 chlorinated polyfluorinated ether sulfonate (F-53B),

perfluorooctane sulfonate (PFOS), and perfluorooctanoic acid (PFOA)
Note: DMSO stands for dimethyl sulfoxide; the value is the means+SD (n=3); * * P<0.01, * P<0.05.
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o
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2 F-53B.PFOS #1 PFOA £ 72 h X HepG2(a) #1 Hep3B(b) A& H B 0H
Fig. 2 Effect of F-53B, PFOS and PFOA exposure for 72 h on the viability of HepG2 (a) and Hep3B (b) cells

WV BE AT R B A B 5 A0 RS (A AT AR
PRI A F-53B (M il e B 1C, g = 1017
pmol L™ ICy; 155 =96.6 pmol-L™' ;PFOS f2Fil
WPE 1Cs) yepe = 212.3 pmol + L' ICy; 05 = 167.0
pmol- L™ ; PFOA {1 2 411 il ¥ FE 1Cy, yepey = 263.5
pmol- L™ [ 1Cy) ionp =220.2 pmol - L™ FEJGEEL K
IRV BE 19 1C, #EAT 258, XF F-53B Y IC,,
By R 100 mol - L™ PE1 T 7255 .
2.3 R A B AR PG T3

TE#/R T F-53B . PFOS .PFOA %} 2 Ffi 4 Jifd (1) 241
JELTG 52 I R A i 2 Al MR i — 2B 9 T3 3
A/ DO O A 0 PR (1 < e 5 N ¢
HepG2 #Hfifi H* F-53B PFOS ,PFOA iX 3 4Ry 5%
I35 M : (23.25 £3.445)% (8.99 £3.14)%  (2.91 +
1.52)% , 5xF R4 L, F-53B Ab R 41X 40 i 7 1=

SN R (P<0.05); 7 Hep3B 4,3 445 W %f
NPT A S HepG2 S EUAH[A] 1 4% F-53B .
PFOS ,PFOA iX 3 A8 T-543 50+ (12.9£2.63)% |
(8.84+1.69)% (521+2.27)% , MKV, 7E 2 Fhal
Jfarf, F-53B X 40 IH T 5 e K,
2.4 ROS .CAT H1 SOD HPEA

HE— P T 3 A YR EE 12 h J5 XA
N ROS 4 i, . CAT #1 SOD Fiff i £ Ay R0 , 4 /&l 4
JER  ZEARVEE 50 wmol - L™ Y282 T, 5 % R ZHAH
Ll 0 P A LT A AE 46 7E 100 wmol - L7125
wmol- L™ ) F-53B, PFOS, PFOA 4 ', 1] LI F |
ROS @ E NN, CAT Mi%EHERE F-53B . PFOS .PFOA
WREE B M B W BEAR, HAEM R M ELM T, 5
PFOS Hil PFOA #H [t., F-53B AbJH2H CAT i i M i
FRER(P<0.01); K 4 Tl LA F], 24 F-53B PFOS |
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PFOA ¢ & #X{KIH(O ~ 100 wmol-L™"), SOD 7iFi 4 3
ARAAE AE 125 wmol - L™ 200 wmol - L™ Bif I 2 1
. 25 F-53B 85| A AL T il & ROS
=
2.5 FEEBERIE AT

JH 100 pmol-L™' 4 F-53B ,PFOS H PFOA 433l
ARFE 12 hJE 0 T A T AR DG IR AR Ak
FH GAPDH fE R H—fk ¥, Qg 5 fros, 78 2 Fb
A R SRR T B9 40 8 T AR DS A R A
(Bax , Caspase-3 ., Cleaved-Caspase-3 ., PARP | Cleaved-
PARP) K R4k & 9 1 b 38w 386 1, 4% 51 2 F-53B Ab
FHZH ) Bax ,Caspase-3 .PARP fil Caspase-9 B i &= T
Xf BEZH 1T Bel-2 2 11 K7W 4 R B (P<0.05), & W]
F-53B fi£i% S HepG2 il Hep3B 4N H T,
2.6 SEEFPOGE R PCR 43T

AL F-53B PFOS . PFOA %% )5 HepG2 il
Hep3B Al rh 8 T AH G HE A 1 3R 38, AR WFoE kA7
QPCR il &, WK 6 i/, 78 HepG2 A rh, 5
DMSO &b %) %) iR 2H #H Lt , F-53B . PFOS . PFOA 4t
FRZH 1Y) Bax, TP53 . PARP. Caspase-9 Fl Caspase-3 I
mRNA /KF-H 5 FF5  F-53B 2019 Bax il TP53 ()3

HepG2

AP = T PFOS 40 Al PFOA 4, #1 #fil 7 7= 3% A
Bel-2 1 5 KT PFOS 41 il PFOA 41 (P<0.05), 7
Hep3B 4f g v, LB A 2] F-53B Ab L 1Y Bax il
Caspase-3 i E 14N, Bel-2 5 Z &AL .

3 112 ( Discussion)

1YY R IS R AR LR N & R 2
AR E  WATIR S A3 SE Sk 95 R W] F-53B 268
5 IR T REAF 7R K 2, (HH 5 | ke i) JHF 2k AL L
TR FEAL TR By B, e itE— 20 X g M e A T IPAl
DU HT, N FH G 5 2 sl R R & 30 F-53B 1] LLS 301
kg #AE AR Zhang 058 & B F-53B W55
BCAE/IN RS540 B A RLAR B, H. F-53B
Lt PFOS R T 5 H LR . 7E— TR S)
2%% E/‘JB{‘% EF 7/{@]‘ ICSOF-SSB <IC50PFOS <IC50PFOA29] ° Z'K
WF9E3%E+$% T PFOA 1 PFOS 5 F-53B [a] i} yEA7 851
A, 24 3 Ak &9 22 8% T HepG2 il Hep3B 4ilfiET,
F-53B 20 B B AR Y 1C,, , 5 SR B0 BF 58 45 9 —
2, R W H X HepG2 1 Hep3B 4 ifd A4 1% 1 5% Wi 5
K, Et F-53B X A fidt 5 114 52 M iy 12 32 3] vy B O
T IRAF T Hag b S ML SR b B

1
(a) HepG2
- DMSO PFOA(100 pmol-L") PFOS(100 pumol L) F-53B(100 umol L") 11 30
Q1 Q2 7 4 74 o
L o b | 10 s @ |10 2 107 o @ & *k
3 1 10°7 1093 2
=1 o & 20+
B 10°4 o X =
2 10°7 : o -2
£ Mz
5 10 " ]
2 10 1 5, s
g L
E 10° 4 10°4 ]’ﬂg %
01 & Q3 —_—
_10° 3987 e 0.61 g u(jé 01 12,31 =
L Ty B U s o 0
0 104 105 10° 107 0 104 105 10° 107 10° 105 10° 107
. 0 10° 10° 10° 107 $0 Qo?* %0% &
Annexin V-FITC N /DR’
i Hep3B
(b) DMSO PFOA(100 pmol-L™) PFOS(100 pmol-L") F-53B(100pmol-L)  ii s  Hep3B
1073Q1 Q2 107+q1 Q | 1074q, Q 1074q1 2 O\\o
3044 0.67 3174 441 31.04 8.01 6.62 1.2 (5}
1]
g 10 10°4 10°] 104 S o ok
-i 104 10°+ 10°4 10°3 M’S Hk
E He |
2 L
.g 107 104_ 10"_ 104 Eg‘ %
. 1034 Q3 ]01:04 101104 Q3 107504 a3 3
976 127 933" % 90.§ 0.9 10 06 T 160 © o R > R
10 ¥ R e ] 2 i 109 T T T T T v
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Fig. 3 Results of flow analysis of apoptosis in HepG2 (a) and Hep3B (b) cells exposed to F-53B, PFOS, and PFOA for 24 h
Note: (i) Flow cell profile labeled with annexin V-fluorescein isothiocyanate (FITC) fluorescence and propidium iodide (PI);

(ii) Apoptosis rate (% ), the sum of Q2 and Q3; the value is the means+SD (n=3); * * P<0.01, * P<0.05.
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Fig. 4 Effect of F-53B, PFOS, and PFOA on reactive oxygen species (ROS) generation, catalase (CAT) enzyme activity,
and superoxide dismutase (SOD) enzyme activity in HepG2 (a) and Hep3B (b) cells

Note: The value is the means+SD (n=3); * * P<0.01, * P<0.05.
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Fig. 5 Effect of F-53B, PFOS, and PFOA after exposure on apoptosis-related proteins in HepG2 (a) and Hep3B (b) cells
Note: All data were compared with the controls (DMSO); the value is the means+SEM (n=4); * * P<0.01, * P<0.05.
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Fig. 6 Changes in mRNA levels in HepG2 (a) and Hep3B (b) cells after F-53B, PFOS and PFOA exposure
Note: All data were compared with the controls (DMSO), and the value is the means+SD (n=4); * * P< 0.01, * P<0.05.
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