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Abstract; Mouse embryonic fibroblasts (BALB/c 3T3) and Chinese hamster lung cells (V79) were used as model
cells. Electrochemical methods based on graphene quantum dots/glassy carbon electrode (RGOQDs/GCE) were
used to study the cytotoxicity of fluorene on BALB/c 3T3 and V79 cells, which were verified by MTT assay. The
results of time-effect showed that the optimal action time of fluorene on BALB/c 3T3 and V79 cells was 30 h. The
results of dose-response showed that the median inhibition concentration (IC,,) values of fluorene on BALB/c 3T3
and V79 cells measured by electrochemical method were 0.89 mmol-L™" and 0.25 mmol-L™", respectively. And the
IC,, values measured by MTT method were 1.34 mmol-L™" and 0.86 mmol-L™', respectively. It was suggested that
fluorene has stronger toxic effect on V79 cells, which may be due to the greater effect of fluorene on purine nucle-
otide metabolism of V79 cells. The results of electrochemical method were consistent with the results of MTT

method, and IC,, values were lower than that of MTT method, indicating that the electrochemical method used in
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this paper can evaluate the cytotoxicity of fluorene effectively and sensitively. The cytotoxicity mechanism may be

that p53 gene was activated in cells under the action of fluorene and then affected purine nucleotide metabolism.

The cytotoxicity of fluorene could be evaluated by the change of purine content in cells.

Keywords: fluorene; BALB/c 3T3; V79; cytotoxicity; purine nucleotide; electrochemistry
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1 # #1575 % (Materials and methods)
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ml (P ED; = 28K N S8 % A il ; DMEM K 5 5
(Dulbecco’ s modified eagle medium)4 [ 3€ [E Gibco
8] AR AT & FE R (nonessential amino acid) I H db
TURIEFRHEA PR Al () AR 4 R A 2k

fE LA {X(CHI 615, IRAEAX &5 A FRA A, ) 5
RGBS R B (G131 Agilent 1100, 22 HE/E R}
BABRA 7)) 5 Tl R A 2 460 { (Multiskan FC, 26
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2 Z55 (Results)
2.1 HPLC i€ BALB/c 3T3 Hl V79 4 fifd A
155 R IA

FI ] HPLC #Mp5E 4 % BALB/c 3T3 Hl V79
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Wi, 5 V79 4 M 2L i W (B 1 (c)) 1Y F& B8 I )
8.788 .13.962 #115.382 min JRYJ & , X i BALB/
¢ 3T3 A1 V79 ixX 2 Faifirh 5 UA .G fl X X
3P,
2.2 ZiVEFIRFEINT BALB/c 3T3 4l 45 0

i % N A /E H B R 1 mmol - L™ 2 X
BALB/c 3T3 #fijfd G/X % AU HL Yk 19 5% i, 45 21 AH
IR RS T] -0 S 2R o 18] 2 () Sk in 245 41 Fi kst BE 21 41
LAY G/X AR AU H B A s T A2 A P o 245 26 240
ML) G/X A AU FL S A T X0 B4, W BB 2 I AAAE
T T AL D G/X A 0 2 4 RN 6T RE 2 4
(1) G/X AU o Yt 24 Bt o 5% 53 F ] 1) 38 fin i 264
X HEZH ALY G/X AL HL 3% 9% 28 30 h 5P IR
FEAIG, T RE R R IR BE T 8 SR T IE AR R 5 N2 41
AN G/X ARG 24 h 55 R R, Hinzy
4 5 X} AT AN M) G/X 4R Ak e L 9 25 (B 7E 30 h B
Bk, FRNZY 4R IR 2 4 9 G/X B Ak s H 37
TR 2 A FIVE B 18] R A 4RI BE 1%, 4n &l 2 (b)
JIE 7, Biti o 25 A FH s [ %) 385 0 248 L 25 1 15 58, 76 30 h
Wb KRB e KA, Ry e A E RIS T]

121
32t (a) (b) ©)
9 L
=] S =] =] oT G
24+
< < <
2E X 2E ZE,| ua X
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i 2 16] gE gE
s UA = N g
% Z % Z 2250
X Z 8r S = 2
< < <
0
0 1 1 1 [ | 1 1 1 1 1 1 1 1
6 9 12 15 18 6 9 12 15 18 6 9 12 15 18
i} [8]/min i} [8]/min i} [8]/min
Time/min Time/min Time/min

1 FE#H &K HPLC B
71 (a) 35 pg-mL™ JRER(UA) 10 pg-mL™" I (G)H 10 pg-mL™" B (X)IAFRIERE S ; (b) BALB/c 3T3 AU,
AN T 4%10° cells-mL™" ;(c) V79 4N, AN 4%10° cells-mL™"
Fig. 1 HPLC chromatograms of different samples

Note: (a) the mixture of 35 wg-mL™" uric acid (UA), 10 pg-mL™" guanine (G) and 10 pg-mL™" xanthine (X);

(b) BALB/c 3T3 cell suspension, cell concentration 4x10° cells-mL™"; (c) V79 cell suspension, cell concentration 4x10° cells-mL™".
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() G/X SR AU HL L AT, 100 P it 400 % 35 34 05 vp
200 5 03 OIN, AH RE Y R R A% T R AR T Bk o
BALB/c 3T3 4y G/X & s /b, Hh A5 & 2
YEH™ BALB/c 3T3 4Ry G/X A fbide i i AR fb 15
ST Y B 1 il 4, F B0 R0 R B (IC, ) 18
4 0.89 mmol-L™", F|H%ET RGOQDs/GCE K4 fifl

0 -
0 ()
—
40 |
o
S5
# % ~
= g 20t
§5
0F
0 10 20 30 40
IS [a]/h
Time/h

B2 FiEmAREx Nz AN RAMEMEWIERRAFE (a) X5 BALB/c 3T3 fHFHAXE (b)
TEARE 0.6.,12.,18 .24 30 Fl 36 h X B AL A~ 2R IR, Al 3RAI R B 2.0%10° cells-mL™"
Fig. 2  Effect of culture time on cell oxidation peak currents in the drug group and control group (a) and relationship
between fluorene action time and the cytotoxicity to BALB/c 3T3 cells (b)

Note: The inset diagram is the corresponding electrochemical curve at 0, 6, 12, 18, 24, 30 and 36 h; cell inoculation

concentration is 2.0x10° cells-mL™".

6L
<% st
Es
£ 5
® 3
O 4t
0.4 06 08
3| E/V vs. Ag/AgCl
S S

2 2 3

e EE /(mmol- L)
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AL REE %

80 -
(b)
MTT

60 |
- —1 sk
> / Electrochemical
S 40+
#
S /!
S
>~
© o0t /[

0k

2 3
e B /(mmol- L)
Concentration/(mmol-L")

B3 AREFEHX BALB/c 3T3 HMASLIERRHIRN (a) LR B UEFEN MTT &5
%t BALB/c 3T3 HfaHI FHHLLE (D)
Tt E 0 ~ 3.8 mmol- L™ 2545 F N X LAY i Ak~ 4R 155 4R 2 ik BE 2.0x10° cells-mL™" 5 25/ HIBS[A] 30 h,
Fig. 3 Effect of fluorene at different doses on the oxidation peak currents of BALB/c 3T3 cells (a), and cytotoxicity curves of
fluorene acted on BALB/c 3T3 cells by the electrochemical method and MTT assay (b)

Note: The inset diagram is the corresponding electrochemical curve at 0 ~3.8 mmol-L™" concentration of fluorene;

cell inoculation concentration is 2.0x10° cells-mL™"; fluorene-treated time is 30 h.
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PAHSs [0 B BRI A5, ZER S MM 52 5 7
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AL R IR I 0 RO [a] B | B I BT R ROR
JHie 3 - F L EBEORN N- 6N i - N0 A B A5 2
TV AL REEUEA TR ST & B, BALB/c 3T3 4lIffEIAS
IMAAREE L RS, H A Bl R AR 15X 22 4 5 1T 45
P I A s T, Colacei 28 WFgE T 3-H1 3
JIH 3 R4 3T [a] 26 % BALB/c 3T3 A31-1-1 4 i fiy
“CEHEONT, RIURTEE AL RS2 Fiik

60 1)

50 / t
40

30|

20 |

IR/ %
Cytotoxicity/%

Il L L 1

0 6 12 18 24 30 36
I ] /h
Time/h

G800 (a) 5 V79 HREEHERIX R (b)

WA R 0.6.12,18 .24 30 F136 h X R (4 L fb 24 M 26 P, AR A 3 b e B 2.0%10° cells=mL™"

Fig. 4 Effect of culture time on cell oxidation peak currents in the drug group and control group (a) and relationship

between fluorene action time and the cytotoxicity to V79 cells (b)

Note: The inset diagram is the corresponding electrochemical curve at 0, 6, 12, 18, 24, 30 and 36 h; cell inoculation

concentration is 2.0x10° cells-mL™".
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\E E/V vs. Ag/AgCl
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E5 AREFEZ V79 AREH R IESBR

) Hyfbo
Electrochemical
S ——
0.6} A
¥ /{
o5 }/} MTT
E ? 0.4+ /
7B
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F 5 02k
0.0r
0.0 0.4 0.8 1.2 1.6

e /(mmol- L)
Concentration/(mmol-L")

IR0 (a) AR EBLZFIET MTT E T3 V79 AR HE LR (b)

E AR EH 0 ~ 1.5 mmol - L™ 254 FH T X 107 14 i Ab 2% i 2R 1] 5 0 O3 Rk B 2.0 10° cells-mL™" 5 25 £ HIH 1] 30 h,
Fig. 5 Effect of fluorene at different doses on the oxidation peak currents of V79 cells (a), and cytotoxicity curves of fluorene

acted on V79 cells by the electrochemical method and MTT assay (b)

Note: The inset diagram is the corresponding electrochemical curve at 0 ~ 1.5 mmol-L™! concentration of fluorene;

cell inoculation concentration is 2.0x10° cells-mL™'; fluorene-treated time is 30 h.
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