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Electrochemical assessment of cytotoxicity of chlorophenols on MCF-7 cell
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Abstract ; In this paper, electrochemical response of lysed human cervical carcinoma (MCF-7) cells
on graphene modified electrode was_studied, using linear sweep voltammetry. The current was
confinmed to result from the oxidation of guanine and xanthine in the cytoplasm of MCF-7 cells. Then
the growth of MCEF-7/cells was followed by the electrochemical response. The cytotoxicity of
pentachlorophenol .( PCP) ,2/,4 ,6-trichlorophenol (TCP) and 2 ,4-dichlorophenol ( DCP) on MCF-7
cells were assessed ,and. the 50% inhibitory concentration were calculated, which were 77.62 wmol -L™",
174.08 wmol+L ™" and 449.78 wmol - ™", respectively. Furthermore, the results were compared with
those obtained from the methyl tetrazolium ( MTT) assay. The results implied that the chlorophenols
significantly inhibited the viability of MCF-7 cell. The order of toxicity obtained from the
electrochemical detection method and the MTT assay were both PCP > TCP > DCP, and the cell
electrochemical detection method was more sensitive.

Keywords : graphene, chlorophenols, cytotoxicity, electrochemical detection.
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o LUJE A RIE A4 25 AR 200 25 il T, e AM & e 250 Tk A AT 114 H 18] 7= 4. 7 I W) 3%
Be ACIEE A AR K A T T ARt nT BB SR B AT AR g e A L Sl kR O AN AR 4 A K Ak
IRBE 1R AR W 45 S 2 0 HL B (PCP) \2,4- % (DCP) F1 2,4, 6-= 50 (TCP) MR H R4 =
HEATKIREE 1 24k & e iee HRWIEAE W5 @t B W 5s & 48 TKAEAY , & a i AR, LT
FITA CPs #EA ARG TE MY EEE K ERWE 42 CPs* =80 %0 I &, FRixd K A A A 1 20
SRR KE ] CPs B E R N el 5% &7 PCP Al KAAYIF BEEMENKRER
£ EAREN B P2 RS, 51E MR A A Y. HAT, PCP TCP Al DCP 45 B 4% 3 [E PR 44 Je)
G AR wS e, FE R AR IR IO K AR UHE” (GB5749—2006) Hts PCP [ TCP F1 DCP %1l 4y #E
KR I E O R R S 2 TS e R A oY LA R L

FI ARG NE 57 20 M 25 BREE 75 Y WA T 8 A I, 8 B A ¥ 4 0 AW 000 R 2 4 P P 4003858 i FH 1)
FkZ—. DAEWESE i & DAAH MG B8 0E AHBRAE T 55 e b ol FH U F a0k (MTT) Pl ik 3
SCAMMEAE:  FLRR I S 7 G E0E GRS PR | P 2T G (0 1 ke R ) AT 1. X S T ik
DAY 20 M 45 A7 40 200 B B0 T A0 A Gkt i 5 A AN TR AR AE R AR KA S e b g A S B s fk
DA K 240 e S Ry S, TSI A A, EL YN T sk e LA 2 o (BRE R AR SR A AR
BRI 2 A I AT 3 T 10 4F Sk D4 1T Y BT 5 40 e AR A LB TR B
e RALEE R JCFEE P AR AR S TR A0 A B B — A S AR R B

A SCLANFLIE (MCF-7) 40 B A A | SR FH I i 4 1 S0 A i R, Lz FH 240 A v A A i i e
%% 7 PCP TCP F1 DCP %I MCF-7 # i &5 , T 58 FLAY MTT R T EUHK , 56 1E 240 Jfd i 1 2% 76 X IR 85
15 YL A L RE PR A DU (4 T AT ST 45 A S 2 TS e A M PPN SRR B T B

1 #E5S 7 ( Materials and methods)

1.1 AR 5]

LK2005 fEHL AL, KET 22 TR f i BOR A FR A w5 e i, SRS AR B R B A PR A
Al ; HH.CP-T B 5 fb k5 740 , Ll TE R AT R A B] 5 HH.W21.420 BUfE KBS, OUK &
RS YN

MCF-7 4Jfl, ZRAbMOll R AL Bl e B % s 5 85 R 75 % 2 . DMEM 537 5L OBy R) IRt 4 1
I A1 MTT, Gibco /A F] 3 PCP TCP \DEP, Jb 54k T EALA 88475 (GO) , KIE R T R A IRET 24 e 1% .

ToK s FARET AN B T B IR A B EUIR AT AR R | SRR R = A R
(0.05 um 0.3 pm Fl 1.0 pm) R A4l BEIR Ry a5 4l By /K3 IR B = IR ZE IR K.
1.2 43S Wede

MCF-7 40 js $LE%E T DMEM B2 & T A i 3246 78 37 °C 1HIR 5% CO,.100% 1t
N SRS

HRA RS RAF R 4H AR IR 0.25% B8 26 I AL WRFT 20 FTH B | 35— e VR B3R T2
i DMEM 3592 5L 535 ML 8 T 37 °C fHIR 5% CO, . 100% FRFINGEEE S50 — S8 Ak 354 v, — &
), S SR L B35 5% 38 91 pH 7.4 BERRER 22 oS W (PBS) thise 3 IR, #:3E FEIMA — & (R Y
pH 7.4 PBS, & T 50 °C {EIR/KIEFE T INFREL#E 30 min, 27520 2L
1.3 o Sl M Fa A P il

BB R GO ByARM S A HUT REEKH 15 GO TREMR. FRUER AW — 2 AR GO TREW ,
ELH TR B MBI (GCE) R ZLAMT 1 T 5 K2 2 %R, SRETERRYE PBS W H 1H Ha A7 ik
Ji GO 1B (B AR L | B A A B0 A T B Ak FEL AR ( Gr-GCE) . Gr-GCE ff I FTE T pH 7.4 () PBS th £
WAEFMR 2295 (0.0—0.8 V) P H 2T FE SR E.
1.4 AR

HLAESA R DL Gr-GCE i TAE MR, Ag/AgCl S 5 Fb HLI , 1 22 FE B R X AR, M i AR 22 1
(LSV) VLR R 0.0—0.8 V, F33 3R K 50 mV-s™" JRE 25 °C. [F—FE Sk, RE S — R EdE.
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TSI 3 ASFATRE. F BT AR 40 M a5

MFENE = [ (Logpue— Lo )/ T 1 X100%
T g A2 T HE 2L 200 22 PR R A P AL, e S U B 2T 0 L 2L VR 11 0 L, 3 11
1.5 MTT X%

FH 0.25% JHREE P BERE 5 75 0 169 40 T Ak 25 18] B B6F , WCFT 807 J5 FH % 75 VR0 79 4 IR VR o 1.0%

10* cells-mL ™", Ffi B W v W A0 BBV 45 200 WL 4220 T 96 FLAR PN, 55 3% 5 05 43 S et BR 4 Fjin 24
YeTRA I ngy. 4kEe 9% 24 h 5 LI 20 WL MTT ¥, 4RSEE5 5% 4 b W RREG 9% VS, BEFLInA
150 L DMSO F- 784341 5 V5 A 15 28 (A T . 30 min PN SE LI ROGEEE (A) , A2 P K h 490 nm. FF:
PR R A R B AN A

MMM = [ (A= Ay ) /Ay ] X100%
Ay T BEFL IR BE A, Ay R Y T L RO A

2 5 59798 (Results and discussion)

2.1 2R ) FR AL A T oA R

DI EL Gr-GCE R T AR AR MCF-7 20 i SR A T8t IR 2 Al , 25 R an &l 1. Gr-GCE
BT 5% FEL T A E A A S 38 ER1 Ay o B s A6 M b A 52 17 1 A % T AR K 4R LR £ MCF-7
Y 2L LA K Gr-GCE 7E PBS H ¥4 oK A6 I 21 8 £k 2% Wi 17 5 Gr-GCE 7E MCF-7 4 jd 24 fff i T
+0.686 VAN ZIHH 4 B 5 (0 A Ak | s FRL VAR 13.16 A, 13 76 B A7 A 43 X MCF-7 40 i 24 i e vh 1 v,
TEEY B B B E AL AR VE L. TR R B Gr-GCE £E MGE-7 40 il 246 W b 28 M 4 55 — W a8 Ak
VATl I B0 R e MR i A 0 b 2 BN R R R R T IR M A R R A
FALY TG TR R I BT T R IR A . WS R A MWNTs/GCE &l &5 SR 47 T Heds, k3t
A1 SRIGAB IR 2R S8 10 R AR T 50% , i E B IH R T4 SR bR EA i S T 25 6 A B
R b AR R ) R RS R AR s

5

or

Current/uA

02 0.4 0.6 08
EIN vs. Ag/AgCl

B1 ZeMaiERzE
(a) ZNMIZARAERR R DI L IL=44T R, (b) PBS(pH=7.4) 76 A SIGEMEMir ki fb17 0,
(c) 20 LA e A BRI 1B U fe A L B AR A=A T . MR 2 3.3 % 10° cells-mL™!
Fig.1 Linear sweep voltammograms (LSVs) of bare GC electrode in the lysed MCF-7 cell suspension (a) ,
the Gr-GC electrode in pH 7.4 PBS (b) ,the Gr-GC electrode in the lysed MCF-7 cell suspension(c).

Cell concentration,3.3x10° cells-mL™"

2.2 2SR S RS AR A AR AT O LR

EL A 5T 2, 41 H F T o o7 >f VR Ay 200 A S5 1 W Ay R A ) SR AR S T L R T
MCF-7 240 A () e M AR 2 i A T, A 50K S sy | B IEERS DL S EATTR B IR 2Tk 5
YRR IR AT AT T oA, 5 R DL IR 2. BIEERS | I IR 2 9 R 5 VA TR 43 i HE +0.696 V|
+0.689 VAHI+0.697 V &b Hi3 T 0A W 1 481k 1g | 5 MCF-7 4 St B AL I f 7+ 0.686 V AR —F. i
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B] MCF-7 240 0 A 0 1) PR A2 7 15 5 ()RR 0T 2 i v ) 55 I AR 8 IR A S A BB {HL MCF-7
290 M 22 T ) SR P L0755 R b oA it R LU B 1) T X LA T ] R T 2 2 5 S 4 i
2N S BRI A B A0 RO 5 R 2 M SR pH (E BRI AR, AT MCF-7 40 g 22
ST W D9 L 7 7 e, 37 ) S /N 2 e

0F

Current/uA

0.2 l 0.I4 I 0.6 ‘ 0.8
E/V vs. Ag/AgCl
B2 20 R TR AR v o 2R M AR 22 5]
(a)1.3 pg-mL™"EEES, (b) 1.5 pg-mL™ SEES () B BETR A1, (d) MCF-7 20 24 .
2T S 14.5%10° cells mIL™!
Fig.2 LSVs of 1.3 pg-mL™" xanthine (a),1.5 wg-mL™" guanine (b) ,thesmixture of xanthine and guanine(c) ,
and the lysed MCF-7 cell suspension (d). Cell concentration,4.5%10° cells+mL™"'

2.3 AR ik

WA RARAE RAF (9 MCF-7 AR TR FR L BRI 6.3%10° cells-mL™" 5557 6 h 4 i RE
J& B AR B SRS ARSI SR IS N O h FFUR A 6 h B EST B AL A I P47 EA T AR T4 DA
MCF-7 £ 60 2 g Y0 FEL A 2 A T 0 b, 37 A o 22 o) ) 200 R A < T 288 L] 3. Bt o 5 7 TR 3 K 4 284 o T
A FLTAEANIFTIE A, 30 h Bk Bl A, XV R Al 78 75 43 78 JE AU A5 1F R AN A Ko B H i &2
AL PN FEL TSP T BB R 1 . AR R IR, A0 L T T I TR A B R R P AR A A R R T S 3R
YRG0 T BEEL A PR T AN Ah SR S M AR T A 1 20 A K SR — K. U A R Ak
21k RS A A1 M b 5 2k R i BR R 0 AE RS R IR A A0 B A A i 2K

181 5
a\/l/;
15 14
x X
3 nf 1?5
L 12 E
or / 8
L /l
11
of
T L 1 ' | ) 1 L 1 ) !
0 10 20 30 40 50

th

B3 MCF-7 4fffak K 2
(a) Hfb2ATE, (b) AUNITHECE  AVMIE R :6.3% 10% cellsmL™!
Fig.3 MCF-7 cell growth curve obtained by the electrochemical method (a)

and the cell counting method (b). Cell inoculation concentration,6.3x10° cells-mL ™

2.4 SIS A M 7 P Y AR 2 A

WEFE T 23 2875 e P e B AE B TR) X MCF-7 200 b 28 g Y 1) L Al 07 () s ([T 4) . 25 3R R B,
3 AT 44 (PCP .70 pmol - L™, TCP ;100 wmol L™, DCP :400 pmol-L™") YLBEAb IR )5 | i 25 B 55
(] AR 3, A0 ] 1720 T A, ANDT IR A T 0 SR B, XoF R 2 0 4 75 A 40 R A YR %) FL Ak 2 i 11555 AN T
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FER 30 h B IR BIERCR, BEJG T4 T B SRR 7E T A0 B SR 0 5720 iR W AETR S, S B i A KR8
BLRILT. ZREHIE  VEHE 30 h o fip A AL S A S i b BT [R]. (i % S B 2 T ey Ak BHLZH R A2 i
07 W FEL UAE 5 0 R LA L 22 R R

6Lt o v o0y IR N

0 6 12 18 24 30 36
t/h

B4 MCF-7 2 A% 0 Fi A i) 1o -5 S RE A IR 1] A5G &
(a) XTHR4L, (b) TCP YL%E4, (c) PCP 434, (d) DCP Yeiidl
Fig.4 Dependence of the electrochemical responses of the lysed MCF-7 cell suspension on the

exposure time in control group (a) ,TCP treatment group (b) ,PCP treatment group (c¢),DCP treatment group (d)

IANERTSE T Sy 275 Y By Ye 3 /E 7 (PCP .0 ,29.3 .46.9.75.0.,120.0.192.0 pmol - L™ ; TCP .0,
49.0 .85.7 .150.0.262.5 .459.4 pmol-L™';DCP:0,199.6.319.4 511.0,817.6,1308.2 pumol - L™") % MCF-7
2 i, Lot R A 2 B Y S (BT 5 ) . G SRR B R 3R S 26 S e MR B DG I (BT 5 a—f R
), MCF-7 4 2R v S Ak e vl 3 220 S22 B Il S 8 i, b FH Sl 19 2175 e W 3 ] LA B e i 4 ] MCF-7

S 0 %) 185 1 S 0 R 3G R, HLAMRIAE A 7 8 . %0 B AH L, 3 ol 1 2875 e W 5 vk FE AR
255 B ¥ (P<0.05 5{ P<0.01).

DCP
0 -

Current/uA
Current/pA
Current/pA
%

|
[=2)

0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

0.2 0.4 0.6 0.8
EIV vs. Ag/AgCl E/V vs. Ag/AgCl

EIV vs. Ag/AgCl
5 ORI B G TS Ye Y d AL B MCF-7 20 v i 2R e AR 22 1
A . 6.5%10° cells-mL™" ; e EE/E IS E] . 30 h
(a—f;PCP;0,29.3.46.9.75.0,120.0,192.0 pmol-L™";TCP;0.49.0.85.7.150.0 ,262.5.459.4 wmol-L.™";
DCP:0.199.6.319.4 511.0 .817.6,1308.2 pmol-L™")
Fig.5 LSVs of the lysed MCF-7 cell suspension treated with CPs of various concentrations

Cell inoculation concentration,6.5x10° cells-mL™"; CPs treatment time,30 h

K FH AL AT MTT 3540 0 F 598 1 3 P 2505 JL %k MCF-7 20 L i) 24, 45 R ANl 6 om.
3 MRS TS YL X MCF-7 20 0 JE M AE HTS4 Bit s G 5 0] e Imi i ol R |0 C R B, R 1 90
7 PCP TCP 1 DCP X MCF-7 ZH L 2P (1) 70 5 20007 G 38 J7 i B 50 il 580 vk B2 (1C, ) 1B, AT 260 44t A
HLAL 5545 PCP TCP I DCP %t MCF-7 4L i) 1C,, 43314 77.62 (174.08 449.78 pmol - L. MTT i
2 LT L 5 R APF 5 b 200 T P AR 0 v R 1, SR D B T 00 M A 18 ok Ak b B A R A R I A
fitg , AT ARNA JFIR 0 MTT, ZE40ML 38 C PERTT , AR il 68 (B 25 60) RV K i H B, JF DT RRAE
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A SEAN T D RE , Bt 2 ARG IR AR D3R AR TN A A vk R
DA 00 200 A T A i e T 7 A M e B 114 5 A S I 00 A% PR A T 7, 32 1 3 7 A % P K
ANPGRS Y e T AR AR T RIS  1C, R MTT 22 A5 04 1C,, {8 LL e BT
MR T 1C o (B3N, HLIRR D7 15041 3 MGl 5 Q% MCF-7 200 5 1k A P LA 2 . PCP
> TCP > DCP X —&55R 5 DI 275 PR MERT ST 45 R A — B, FROIESE 5 8 2835 Qe W Ry
5 HALE Y b B SUSFB0% DIAR OG22 S WYY 40 L P A 30 3 1 200 30 A RS 0 5 1 2 75 e
NIRRT I ATHY, HAS S0 MTT IEAH LE , 4R FL A0k B S AR D) SR AR

80T pep B o1cp a 80 pep .
a a
L T B L
b b
L 60 1 b T
60 60 -
* 1L
S L S S
> > st ST
8 8 8
g 40 8 g 40|
e e 8
g | EU 3L
20 20
15 |
ok 0L ok
IS I S I E—— — | YR NS T N R | INPU [N SR NN S (N SN N
0 50 100 150 200 0 100 200 300 400 500 0 300 600 900 1200 1500
Concentration/(umol-L™") Concentration/(umol-L™") Concentration/(umol-L™")
6 SAm2is X MCE-7 4 2t th £k
(a) BLAE2A3%, (b) MTT . MR BE . 6.5%10° cells-mL ™! ; JeRE A FHE AT . 30 h
Fig.6 Cytotoxicity of PCP,TCP,DCP on MCE-7 cells measured by the electrochemical method(a),
the MTT assay(b). Cell inoculation concentration,6.5x10° cells+mL™"; CPs treatment time,30 h
F1 A IS SPXT MCF-7 400 1) #:04
Table 1° The cytotoxicity of CPs on MCF-7 cells
AL Electrochemical method MTT 7% MTT assay
Al FI R K F 1% 7 8 Contelati EHcm FI RN K 7 AHIC R AL L Hcm
CPs Dose-effect ” \ff' ct;)rze ; ton WOV e FE Dose-effect Correlation A3 R
relationship PR Y 1C5y/ ( pumol - L") relationship coefficent (r) 1C5y/ ( wmol - L")
pCpP Y=66.87 X-76.38 0.9939 77.62 Y=62.15 X-72.44 0.9975 93.33
TCP Y=56.76 X-77.18 0.9960 174.08 Y=47.76 X-63.01 0.9931 232.27
DCP Y=54.31 X-94.10 0.9942 449.78 Y=48.39 X-79.45 0.9873 473.15

LY R X BRI IR A (0<Y<100) FISEYZET5 YLy XS HUH. Y and X represent the percentage of inhibition effect

(0<Y=<100) and the numerical value of chlorophenol concentration,respectively.

3 %52 ( Conclusion)

PL Gr-GCE Ry TAEHAR , WF5E T MCF-7 40 i e Ak 2447 R SRR, 7 FH 200 B 36 PG 0 11 Hl e 2 v pF
5% PCP TCP F1 DCP JLFEAE i ) F/E F A% MCF-7 40 M 3% PRS2, g T 3 Rl 2875 4 i
YA REYE. BT B 3 RS STE Y%t MCF-7 20 A 25 2 (4 B[R] 5500 A0 s i G &R i 3. HLAn A
b2k 5% MTT 0045 3 Fhaa s 2805 YW e 0y — 2, BRIk PCP > TCP > DCP, H X} F ] —i5 4
Yy, PR BT A 1C, R A 0. 1 BH SR FH 20 B FE Ak 22 0k DA S 2815 G 0 0 B B P 2 T A T 19
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