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W E . JasEE LG 0 (short-chain chlorinated paraffins, SCCPs) J&— 21 Wi 5342 Z4 I EACIEM e ke, B Il A7 AE . SRMA
HAEHEHUIR A E B0 PR BT X Ag B XU B 1A, ASBIF9E R AT (8 1% — HR B BT % (LC-MS/MS) 3 BT He R BF5E T
ANFEFIEHY SCCPs 252 (0.,1.0.10.0 F1100.0 pg-L";C,,-CPs;55.0% C1) Xf AMAIT RS0 HepG2 BUMEACIS B St A g Iy
FRACIE A2, 3 5 i dee /N A ) 73BT (PLS-DA) 45 7l 45 2 AR = i 22 57, I 3 4> SCCPs 2 3 7l i 4 ¥ RE 8 55 %) IR 4
SE44r T, 2 SCCPs Ja W B g AENS 5 AN 1Sl s s Y i 2 2038 . SCCPs MR 2 22 55 7] BH 8 MK HepG2 20 iy %) & 3L iR
P, 5%t ERZAH E, SCCPs IR B R FR 4 (1.0 pg- L) 8535 3k P A5 R Bh I . (0 2 AN 22 &R 1Y) % & 10 3 ( P<0.05) FAIK,
MM i SCCPs(100.0 wg-L™) BRI T 4 A% 2 FE MR A A R (AR i T 202 TN 2R B MR i A i, 2R
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Abstract; Short chain chlorinated paraffins (SCCPs, C,, ;) are a large and complex group of polychlorinated n-al-
kanes, and ubiquitously found in the environment. However, very limited information is available for their toxicity
mechanism, limiting the evaluation of their health risks. In this study, liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) was adopted to investigate the influence of SCCPs exposure with different doses (0, 1.0,
10.0 and 100.0 wg-L™"; C,;-CPs; 55.0% Cl) on the metabolism of glucose, amino acids and fatty acids in human
hepatoma HepG2 cells. The result of partial least squares discriminant analysis (PLS-DA) showed that all SCCPs
exposure groups were clearly distinct from the control group, indicating a significant metabolic perturbation in-
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duced by SCCPs. Low-dose SCCPs exposure promoted the import of extracellular amino acids into cells. Com-

pared with the control group, the contents of glutamine, tryptophan and serine in the culture medium of low-dose

SCCPs exposure group (1.0 pg-L™") were significantly decreased (P<0.05). However, the high-dose SCCPs expo-

sure (100.0 wg-L™") inhibited the transport of amino acids and glucose into cells, and significantly up-regulated the

biosynthesis of lactic acid, alanine and cysteine. The disorder of amino acids metabolism would inevitably affect the

protein biosynthesis. Meanwhile, SCCPs perturbed the metabolism of unsaturated fatty acids, and markedly up-reg-

ulated the contents of polyunsaturated fatty acids. In order to make sure the mode of action of SCCPs, transcrip-

tomic and proteomic evidences on SCCPs toxicity should be further provided.

Keywords: SCCPs; HepG2; metabolites; amino acid metabolism; fatty acid metabolism

Y £ S Ak A7 1 (short-chain chlorinated paraffins,
SCCPs) 25K A 10~ 13 ANk J5i 1, FALFE BEAE 30%
~T70% I AL A W L2 02 4, ELA e I B A B AT
Ry RS REAE R B S5 POPs Rl
2006 4F-, SCCPs i K ¥ 55 1 03 [ $2 1 N R APEA
BLI5 4 (POPs) e ¥ it , SCCPs 8% 1z HE 4 &
| R g W2 B B2 P S A 1 1 IS 9 1) =R 1 P9 d i
WRFNAE  FFAE AR = e A R R e AR  FE 4%
FHEREEA TR RER I E] SCCPs™, FEH L R
HuIX ,SCCPs 7E+ 4 iy & 50 57~189 ng-g” dw,
DR R & By 65~541 ng-g” dw, fE/KE AR
YIRS E R 1.6~7.0 ng-g" dw, BF5EFEM, SC-
CPs fEHBFK T I E LN 0~1.7 pg- L', A5
) NI ZLREAR Rk 8 T SCCPs, Hvk ol 49
~820 ng-g ' IRE", T EMILHEN, EE BEM
HZA T X SCCPs 1 A 245 AU F1 A AR i B XU 2E 17
TR, ©A iR a5 R W, SCCPs
B IG5 25 S I IE | FEUR I 5 I R ge s 1) &
I I 20 el AL T AR 38 4 ) s 66 I
£ 60 e DR R T MRS R R T R B 1 3 P 1S o
AT 5 350 3 v R ER B 8 R 184 -1 SCCPs X 7K
A Z I FEIERR  TE g - L AP i A 18 M2
RAOBE o AT Sl £ 1 0 P T R 2 R I 2 AU
i B HHETA 1k, SCCPs Y 75 M1 FA L] i A BH
i, RGP KRR Z |, ARG R T SC-
CPs (1478 7 R XU PP 3 S A 8

SCCPs X # 4L 2L LI RE | il 7% P F0 P 43 0 1 —
F R0 ] A S WA X A MR IR R R
BERILA NS R sE . Ak, BiE
A PR R AN W 52 35, DL RN o AR
WY F RTS8 & R, ARG 2 1 X 1458
TSP R EET TR B AR Y2 B L, BT
WA W B SCCPs A= Wy R AR 52 e (Y B 5%, AR 5K

R RE A A HepG2 i 32 140, #8151 3R 3%
WS SCCPs 55X A1 /N A 1) F AR
it XA 2 R AN R A QO L A PPA | 7
FRIEH )2 T8 75 SCCPs I EEVERU .

1 ##5 7% (Materials and methods)
1.1 SEge bRt

Yl 1% 37 2 (DMEM ) 1R 4 13 (FBS) W H 52
Gibco A\ Fl, 75 % % -55 % % W H Hyclone A ]
(Logan, UT), MTT (3-(4,5-—H JEWEME-2)-2 5-— K
FEDUZ MR ER) I [ 3E E AMRESCO 72 #], 40 & >
98% ; — H AR (DMSO) Al B i 5 HoAth Ak 22 3571 2
AR ART] . BE TR AR FLIR IRE A
ZEP AN H I SRR L LA R0 T JE B (MTBE) W A
VA 51 /A I a2 Wl 78571 A Ul AN E W9
ocw), g gl 25 F1 B BE I B Fisher 2\ W] (Fair
Lawn, NJ, USA), Firf #5286 HIZK 24128k H Milli-Q
Z Gt 1y 47k (Millipore, Billerica, MA, USA), FIf
SCCPs 4 C;-CP, S & 50 55% , 75 52 90 = 3 i) e
SR A N AR E ™
1.2 ZikEY

HepG2 41 L0 [ v [ Bb2= Be i A iy Bk 2= 0F
FEBE W S A A Y E G T AR 3R T
BB & 10% J6 4 17, 1% WL DMEM
(IRFR 00, BRORH B8 A= < 10 7 240 6L, PR I 2 1 0
TG W 2RO 2 3] 3x10° 4 g 4L, FiAs T 6 FL
Brgefh BT RFRENGT C, 5% CONEFE, 1
6 FLAR AT 80% J& W 7 IR 45 F 55, 4 I % A SCCPs
By 7R BB 5% 24 h, SCCPs it T DMSO 5] A
M KE 77 W, DMSO 7E 8 b i i & & B N
0.05% (IRFR53%00) ,4 A4 SCCPs % 143771 0 |
1.0.10.0 i1 100.0 pwg-L", B4 6 A~ F47kE, X8
2 H M ARFU R 0.05% 9 DMSO .,
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Galaxy 48 R % CO, 1% ## 44 (3¢ [#] New Bruns-
wick A F]), Tecan 2 I e il b1 1L (Tecan Genesis , Hi
++), Biofuge®© Stratos 4= fit 5 3 5 1 ¥4 5 B O L (1l ]
Heraeus 2\ 7)), TSQ-QuantumMax 155 % ¥k AH 0, 3% &
B 5% (HPLC-MS/MS) (3£ [E Thermo 23 7).,
1.4 S

RIS % Whiley %™ €37 A9 /N TR
WO M5RER 24 h S K ARG SRR
Z2mL BOET,6 000 g x 4 CEMLTFELL 10
min, J 35 200 wL % T, A 400 pL MTBE %
TS IR HEHE L 20 min ; SR J5 A 260 pL #B4lK
1R27,10 000 g x 4 °C 4 F &0 15 min, B
350 L FHEMAE AR T, H 350 wL SIEE S,
Zeat 022 m PERE R U8 S T HEMC AL 50 19 2 #T
Pl AR5 FH T AP 2 4 B B, AR A 100 wL
MTBE H1 130 pL H £, 254 T #5E 20 min,
10 000 g x 4 CZ&F T &0 15 min, $2HUA R 2
53)2, L2 MTBE #H, T2 AW EE-KAH, WTZ
FEE- KA P 200 L £80d 0.22 wm AR U8,

BT 53 09 50 B & ECHT T AE 5 P i A
10 pL IR G WAR(ESZ R, +— R A+ LR, Wk
435K 200,54 F1 34 pmol -L™ IEFI K Z ).

Ui B3 R 107 2 21 4 0 43 A R I 6 5 A
Ufavour C8 #:(150 mmx2.1 mm, 3.0 wm); #3040 A
4 H,0,B K5 mmol « L' ZIREHIZNE,C MG
T ShAH B BE R (], B% , C% , i #): 0 ~ 5 min,
20% B,70% C,250 wL-min";7~15 min,20% B,
80% C,250 pL-min”;16~20 min,20% B,70% C,
300 pL - min™; A JR AR I A 40 C, HERE RN
10 L, FEiEBA ESI-MRM, BE% HL N
2 500 V;HIBIARR S psis 8530 30 psi; BAN ATt
FELE 20 min N 58 0, TF B 2 R R 41 43 1 3 B R
Atlantis C18 75 R AH €235 44 (waters, 150 mmx2.1
mm, 3.0 pm); FL I A 4 0.5% H R H,0, Jit st
B W H I R SIARAES B 4 .0~ 2 min,95% A Fll 5% B;
SRIGAE 3 min Z PN A /0K 40% , B BEMIN 60% ,
“4EFF 4 min; 7F 1 min P A B3 95% , 4E+F 8 min,
BTE R 200 pL-min™  BERERER 2 pL, G
B AN ESI(+)MRM 5 25 HL 283000V 5 i B <

F1 HEHS ST MS/MS 23

Table 1 The MS/MS parameters for polar fraction analysis
4K EEETT BN BEBSF/(m-z) FEFm-z") fill- 4% HE/eV BB LRV
Name Scan mode  Precursor ion/(m-z"') Product jon/(m-z"')  Collision energy/eV Tube lens voltage/V
H% /R Glycine + 76.0 30.7 12 51
NE & Alanine + 90.0 445 9 48
245 Serine + 106.0 60.5 11 68
Ji &2 Proline + 116.0 703 13 60
#i %R Valine + 118.0 722 7 68
JRZ 2 Threonine + 120.0 103.3 15 64
E %R Cysteine + 122.0 105.1 10 72
LA MR Leucine + 132.0 86.4 6 70
SEELG IR Tsoleucine + 132.0 86.4 6 70
1E5= & . Norleucine + 132.0 86.4 6 70
KA Asparagine + 133.0 744 5 60
KAH R Aspartate + 134.0 1162 6 86
HE B Glutamine + 147.0 130.2 16 72
WA Lysine + 147.0 843 16 84
AR Glutamate + 148.0 130.2 9 76
I &2 Methionine + 150.0 1332 5 73
#H %R Histidine + 156.0 1102 15 75
RN R Phenylalaine + 166.0 1202 11 70
K& Arginine + 175.0 704 22 72
fi% 2 iR Tyrosine + 182.0 136.1 11 78
4% "8 Tryptophan + 205.0 146.2 16 80
JR % Urea + 612 44.6 20 88
Hih Glycerol + 93.2 454 19 58
FLER Lactate + 91.1 454 9 30
T4 Glucose - 179.0 89.0 11 62
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Table 2 The MS/MS parameters for apolar fraction analysis

HFR EEET 752N B F/(m-z") FEF/(m-z") zE Y ERLHLE/V

Name Scan mode  Precursor ion/(m-z"') Product ion/(m-z')  Collision energy/eV Tube lens voltage/V
C. X Hexanoic acid - 115 115 6 96
2% Octanoic acid - 143 143 5 66
Z&PR Capric acid - 171 171 6 82
+—%EfL Undecanoic acid - 185 185 10 73
+ iR Lauric acid - 199 199 8 55
+- DUz Myristic acid - 227 227 7 64
F75%ER Palmitic acid - 255 255 11 63
+/\B = J# R Linolenic acid - 277 277 6 40
+ /\Bk — M2 Linoleic acid - 279 279 10 51
I\ —R Oleic acid - 281 281 12 47
I /\JGElR Stearic acid - 283 283 5 54
+ JLEEMR Nonadecanoic acid - 297 297 18 91
iRk IR Eicosapentaenoic acid - 301 301 6 77
Z AR PUJATR Arachidonic acid - 303 303 12 58
% =R Epoxyeicosatrienoic acids - 305 305 9 46
% —JiMR Eicosadienoic acid - 307 307 7 46
- Bk—J R Eicosenoic acid - 309 309 15 98
ZHElR Arachidic acid - 311 311 15 77
—+ k7S KR Docosahexaenoic acid - 327 327 5 54
BV R Adrenic acid - 331 331 12 87
- PUsERR Tetracosanoic acid - 367 367 11 62

h 5 psi; BN 30 psi; AT AR 18 min NSERL,
1.5 HdlEab s

FIH Thermo fisher Xcalibur 2.1 Zx#E 4b ¥ 4k {4
PEATRE M, SPSS18 ZE it 4114 (SPSS Inc., Chica-
go, IL)H T H [ K 77 22 47 T (one way ANOVA), 5
0 21 a5 8 R ZH RO =2 ) 19 LR e/ N i 2 22
Wk (LSD) , P<0.05 ik o 2 i 35 M 22 57 i) Kl
P<0.015% 78 28 S 0 I 255 i B /Iy — 31 40 1 o M
(PLS-DA) & T M 48 7E 26 43T R 4t (http://www.meta-
boanalyst.ca/MetaboAnalyst/faces/Home.jsp).,

2 %53 (Results)
2.1 /N AT YIRS PLS-DA 23 #

RS SCCPs % #5 42 75 % HepG2 4 ffl iy 5%
M 3 53 %o AN [ 3] e 28 8 2 R X R 40 B 1) /N1
=BG AT T PLS-DA 4347, 3 i v A0 & 4R
—A~ 3 B 43 (component 1) F15E 4™ 3 Al 43 (compo-
nent 2)f%) 4 75 (AR 5 i 1 s, Hop g
BRI BERE S S R = 0.87 , F/n 15 AU T g
JISEL Q@ =0.65, FRIZALIZE R AT GE AN AEAE T
WAEIS ., IWIE 1AL, 3 4> SCCPs % #8411
REAS 5 0 HRZH I 58 X 73 T, R B SCCPs Ji 11 2 85 ik
{5 | 3B A LA 20 1 22 Ak, 458 4t /N o3 AR

KA, 183 A SCCPs H i 7 2 b () 21
(1.0 pg-L") A4 (10.0 pg- L) EE 2K
A BHES, AR5 & A 24 (100.0 pg L")
X5 TF , 228 SCCPs Xt 4l /N TR 1) T3 A7

B Control
4 < @ 1pgLt
| A l0pgL!
100 pg-L!
2 —
A
(g} — . u
=
s, B
f;j 2 - A
S A ®
Qo
A o
2 -
o4
T | T | T | T I T | T
6 -4 2 0 2 4 6
F R

Component 1

1 SCCps REASXMRA/NG FRE™Y
# PLS-DA B4 &
Fig. 1 PLS-DA score plot of metabolites

for control and SCCPs exposure groups
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TE— & W U PE
2.2 NI R 2L o b

Xf 22 Fip bt 2 AR AR NGy AU AT R 2R 4y
B, SR ANE 2 ez, AR AR E R 3
PR LS, SxEIRAUA L, IR A AN R AR TR
DIRCE e 2R, Y A R, 4 R , 3L N A 0 A
SCCPs Z& Gl S IUIG ks e, 1A IR , n 2%
F£(10:0), T —hEfR(12:0), T 7S LEMR(16:0), 1 /\BE R
(18:0)F1 — ¥ M2 (20:0), Bl SCCPs % & 571 12 {3 in
I AR S AR A e MARGR 4 2 b R A
FRE TR & Ak 3R S AR S T, >4 2% 58 71
HHINE] 100.0 pg- L SR MIRTE, 553 40
FERAR, AR, 5 28R, RNATR , 222 W, i
R, ORI RN , 5% B A H, 3k 26415
PEMITEAR T 3 > SCCPs 2 55 I i 41 44 52 I P A%
FEE N

TEAEYR N RN WS 5 2R R

1 pgL!

Control
123 456

10 pg'L!

WE 52 208 5 a0y A8 b2 2 IR R A AR
PAPHF RN KR X — R AR L 2 s £
FHGE" AT B SCCPs % % 77l it (1) 3%
i, B S S LR A I R % A Bk S 0F R AR
PSR RN KBRS I 7E SCCPs 3 E1E
THEATT AR, XA REJE T SCCPs By £
BRI MR S5 R . 5i4b, 32 B/ i
A ERNES , A2 T0E N, 72 R — B[R]
PR 7= A R T 3kt 2 40 AR sl ) SR A
2.3 X &4 L 2 R S S R A 1 R e

K3 /R T SCCPs 752 24 h JF LN EHER
R R FE AR AR AL, Hrb i A 2 e | £
SRR RN 22 28 1% R 210 B 35 5 R v s I ) 3 R 5 3L
MR YR A IR RN Y- IOk 202 A 240 e 6 1) Jo i
WG FLIR RN TN 2 R 2 WE I i i b A - . 5
X HRAAAH LY, SCCPs fmy 71 5 % 5 2H 1% 5 48 W 7K1 B
AT, B R A 2 WA R I 2 e i LR

100 pg-L-!

20:5

Lactate 2
Cysteine
Alanine 1
18:1

18:2 0
18:3

Valine -1
Glucose

12:0

10:0

20:0

18:0

16:0

Glutamate
Threonine
Isoleucine
Phenylalaine
Serine
Glutamine
Lysine
Tryptophan

El2 SCCPs REJ5 22 MERREPYHAEMRESTER
T 6 R BRI A AT R B IR E &
Fig. 2 Heat map clustering analysis result of the 22 significantly changed metabolites after SCCPs exposure

Note: The colors from gray to black indicate the fold changes of metabolite contents from low to high.
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2 JCHR 3 Fh 7 2 W B AR AR AR B, D — T
200 i P A SRR TR VT DA Ry AR i, [l A
FLIR . FLER AR AR EY), leiﬁﬂ’\qj
fe i SCCPs 1Y % 5% i FLIWR 1% A il 1 5 % IR 4

n\\/

FESEIn T 1A 3400 i LR AT mT RE X & it i JiZT#

SEMTEEAE T, T34k, R 4 K P75 w5 5 #2 SC-
CPs Zxfs MR RFHE I, A 2B AT =R

Z 5 A ML 10 B B I, A E R Ay
28 M A A 2R, I it — 2l A R
l e G A A - B R N =IRIR AR, S A

Glucose Glutamine Tryptophan Serine
90 60 2. 0 8-
75 50 %
1. 54 N 6]
60+ 40 i
T 45d 30 1o 44
= 30 20
T, £ 0.5 24
= 2 15 104
* N
5 £ 0-+— T T T 0 0.0 T T T 0+— T T T
£ .9
2B 0 1 10 100 100 110 0 1 10 100
1
i S 25 Alanine 7.5 Lactate 45 Glutamate 0. 104 Cysteine 4
& 5 *% W .
£ 2.0 | 0. 081 ok
2 5. (4 )
1.5 0. 064
Lo 0. 0H
2.5
0. 54 0. 02
0.0 0.0 : . ; 0. 00— ; ; .
100 10 100 0 1 10 100 0 1 10 100
SCCPs R FEWREE/ (g L)
SCCPs exposure concentration/(ug-L7)
B3 SCCPs X! HepG2 4HE & #8  ZLEE TN S BB A BRI 220D
: * P<0.05, ** P<0.01, 5% HZHAHLL
Fig. 3  Effect of SCCPs on the metabolism of glucose, lactic acid and amino acids in HepG2 cells
Note:* P<0.05, ** P<0.01,compared with control.
18:1 18:2 18:3 20:5
44 0. 6, 0. 06 o 0. 6,
*% *k
. *% *k *% * *%
34 *%
0. 4| 0. 0+ 0. 4 "
L 2]
- 0. 2 0. 024 0. 2
-2 14
KR
& R
2 s 045 - : - 0. 04— - —_ 0. 00— : : - 0. 04— - - :
iz 0 1 10 100 0 1 10 100 0 1 10 100 0 10 100
R 10:0 12:0 16:0 :
N : : : 18:0
W 50,95, 0.5, 124 44
{% o
= a:; 5 *k
£ 0.20; . 0. 4| ol 2
(&) sk *% *%k *%
0. 15 0. 3
6| 2
0. 104 0.
0. 05] 0.4 31 L
0. 00+ T T 0. 04— T T T 04— T T T 0
0 1 10 100 0 1 10 100 0 1 10 100 100

SCCPs R FIRIE/(ng'L)
SCCPs exposure concentration/(pug- L)

B4 SCCPs £t HepG2 A A EA X i B9 R4 08
. * P<0.05, ** P<0.01, 5% EZHAH L,
Fig. 4 Effect of SCCPs on fatty acid metabolism in HepG2 cells
Note: * P<0.05, ** P<0.01, compared with control.
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WKy 55 < S A AT 2R B 0 HepG2 4 i Qi ) 521 121

PRt BT RE . 5 X R AR LE 45 2
JHe KA SCCPs H Ik 7% 5 7 1t 20 1 2 A1, 156 ] o
fIGFI I /K P11 SCCPs g % 412 1 20 M XoT 2 24 I g 1)
W, {H24 SCCPs ¥k FE 3 TN E] 100.0 pwg- LI, &5
AT KT A 1N, R B sk FE SCCPs i) 1 448
JHOXF 2 2 i ) e, B SCCPs # 5 711 it 1Y 3
A &K 2 R R A a5 AR I, e iR
i N T 6 R N 22 B R W) S A B4
2.4 XHARRLAR DT RR A B 5 R

W 4 Fros , ARG DR & & 1E 3 /1> SCCPs
FREEHIA LR, SXTRA ML, /i — % R 7E
SCCPs #1571 22 i 21 A e 3534 hn, +/\ ik = W& R AE
SCCPs Hh 1) f: il e 371 e 2 o 4 W 28 L) 5 o1/ e —
SR RN — i FR R ) AR Ao 2, BV AE IR i
TR INE BN, 7E 3 AN EAL R, A
R ARk S e — 3, R ISERRAG, S5 T, e
TR, 5XF A, 22 2(10:0), T —hEiR
(12:0) . 7S LEBR(16:0) 1/ \ e iR (18:0) 7E IR 2 2 5%
R RS2 1 (A S ERS  1 fy  = h S
FRH AW TR, BRNTIR & (%) 022 RE A5 52 e 41
P A MBI 1, X6 20 M ) 3G 58 oA 7 AE AN R

3 iFi8 (Discussion)

FNHAT M 1R, XF SCCPs 114 {5 KBS PEAL R 22 2%
BT XS i) s B AR R A, RS A L S 5 AT
FARD, CAHMIF LI, B BE SCCPs 1K I 2 7
XK A EE A E RN O KB TS AT WA A K
SE-(NOAEL) A 10 mg-d ™' -kg'"” {H SCCPs 7F pg-L"
IR K A A Wy B 18 PR 3 MRV, Thompson
MBS T SCCPs (Cogyss 58% C1) X 4F (mysid
shrimp ) FIKHY 55 (Daphnia magna)fEEEAER , & 38 96
h BPREOSON R B 4308 14 R 18 pg-L', ASSEER LA
HepG2 A T4 55 T 5 i /K7 SCCPs
XA N A TR ] . 45 R 3R] SCCPs
F&#5 )5 , HepG2 4L/ N R4 5 %t B2 AH L A W]
ARk AR A | IR A I R M 7 £ a5
Ji T R HEAN IR EE R ZE L

WA A 22 ot frie £ Qg A 200 B i £ 1) 2 AR
A, A A R IE AR S Hr 45 R SR T AR
SCCPs A il 2 X 2o A 2 SR A0 W AL, 17T >4 22 25 71
RN 100.0 pg- L7, SCCPs £ 31l 4 Jifa % 455 55
S A AR 2 A R W, AR
PR A D A0 M B b R A B e o [
B AT A LR . 4 S e P 3 e — R R A 24 A 24

PRAEH R S R AR, =R SCCPs & #E T,
20 %o A AT 2 S TP T RIS | AR e A R 25 2 Tk
FEA R T RE R ], 3 — 75 Ak T BB 2 1 200 M P o
HELEAN IR, DTS2 e 40 Jf 1) AE A 38 8 RN oAk, [RIR,
290 X T P W WAV L 1) 2 b £ Wi 40 i P 2
FRIGA IR, ASBFFEIE K B, S W B i A AT RE 2
RH, (HZLRR Y 7= A A S 1, B s 440 M 75 24 B
HAb AR it S A FLIR LR 2 4 i 7 VR H
(R TERR ", SN AR LR 2 %o e A s A —
PEE TR AR . 3 — 45 5 5 SOk i 28 Y I B X
HepG2 4 f Gt T e — 2™,

I FT BRI 0 o A 4 L v A S %o T i 0 i e
Thie PR ek e R NG B o A it Ak
KA A5 e %5 B4 FH ., SCCPs 14 %% 25 fifi 1 Fn
e Wi K25 L , AT R IE 5 R /K S L3, 5 A 2
MR8, Hh T Sl 40 A 20 M J5 i o s o R
AT AR R Y 25 52, A AN AT RN A s i 7
St SCCPs 2 52 751 K2k A0 348 ot it 38 o 5 [ el s 39 e 2
YRR D R & FERR AR, 26 B SCCPs 1] BEXT 41 i AT
PUHTER , S35 A0 B B0 B M B AR, X 1T R 4l s
BT RERAR M) EZLF N, SCCPs 7E4: # ik
PR R A R e A AR B A P 2 S 8— 2 O SR
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