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Evaluation of DNA damage induced by perfluorooctanoic acid using acellular,
cellular, and ir vivo comet assays
WANG Qian', XU Tongguang®, WANG Tianwei', CHEN Huihui', ZHANG Wenzhong’
(1. School of Public Health, Weifang Medical University, Shandong Weifang 261000, China;
2. Wannan Medical College, Anhui Wuhu 241002, China)

Abstract: Objective To examine perfluorooctanoic acid (PFOA)-induced DNA damage using a combined in vivo and
in vitro experiment. Methods  Acellular nuclear DNA damage was used as a model to test the damage induced by
exposure to 0. 00, 0. 13, 0.25, and 0. 50 mmol/LL PFOA for 1 h. The YAC-1 cell was used as the research model. In the
cytotoxicity study, the effects of different dosages on cell activity were determined via CCK-8 assay. The final PFOA
concentrations were 0, 1.0x10%, 1.0x107, and 1. 0x10°mol/L. DNA damage was detected after 3 d of exposure. Rats
were gavage with 0, 10, 20, 40 mg/kg:BW PFOA twice. The liver, bone marrow, and peripheral blood of rats were
removed 6 h after the last administration. Alkaline and neutral comet assay were performed to measure DNA damage. The
micronucleus test was performed to measure bone marrow chromosome breakage. Results Compared with the control
group, acellular and cell alkaline DNA comet assay result showed that the tail DNA% of acellular nuclear DNA increased
significantly in each dose group (P<0.05) within dose response relationship. The acellular and cell neutral DNA comet
assay results showed no DNA breakage in each dose group (P>0.05). The tail DNA% of each dose group in the alkaline
comel assay was significantly higher than that of the control group (P<0.05) , showing a dose-response relationship. No
significant difference was observed in the neutral comet assay (P>0.05). Compared with the control group, the alkaline
and neutral comet assay results showed that the tail DNA% of bone marrow, liver, and peripheral blood cells group showed
no DNA breakage in each dose group (P>0.05). Compared with the control group, the test of bone marrow micronucleus
was negative (P>0.05). Conclusion PFOA can cause DNA single-strand breakage at the subcellular level in vitro, and

exposure does not induce DNA and chromosome breakage in rats after oral exposure.
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Figure 1 Images of Acellular alkaline comets with different concentrations of PFOA
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Figure 2 Acellular alkaline comet assay results of different

concentrations of PFOA
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Figure 3 Effects of different concentrations of PFOA on the
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Figure 4  Cellular alkaline comet images with different

concentrations of PFOA
B HEE R
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Table 2

2.4.1

The results of comet assay in rat bone marrow cells

with different concentrations of PFOA

e R /(mg/kgBW) s/ H fill DNA% T DNA%

activity of YAC-1 cells 0 10 4.54+1.08  4.57+1.26

F 1 AFRIHEE PFOA (1940 j £ 5 X 1 45 e 10 10 4.55+0.94 4.57+1.12

o 20 10 447+1.09  4.53x1.21

Table 1  Acellular comet assay results with different

’ 40 10 4.56+0.98  4.59+1.14

concentrations of PFOA 40 mg/kg BW CP 10 89.25+8.15°  4.56+1.17

e /(mol /1) i DNA% " DNA% 0 10 4.55+1.03  4.54+1.10

0 471091 4.50+1.07 i 10 10 4.48+1.09  4.55+1.15

1.0x10™ 8.29+1.05" 4.50+0.95 ) 20 10 4.54+1.05  4.54x1.00

1.0x107 8.76+0.91" 4.50+1.04 40 10 456+1.07  4.52+1.16

1.0x10°° 16.72+1.05" 4.531.04 40 mg/kg+BW CP 10 88.46+8.90°  4.54+1.09
T DNA% 275 B 1k 25 2 035 2 DNA 35 41 1 DNA % 2R v 1k 2 T BB DN A% 278 Bl PE 25 12 4086 F& DNA 5 4k s A DNA G 2 o 1k

B DNA 4k 5+ 378 5 X B AH 1L, P<0.05 SIS FE DNA &5 4k 5+ 78 5 X B AR 1L, P<0.05
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VE AR B4 ;B PFOA 10 mg/kg: BW ;C: PFOA 20 mg/kg- BW;D: PFOA 40 mg/kg-BW ; E: CP 40 markg- BW ; 57 3k Jif 45 £ 5L R
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K5 N [E e BE PROA A9 B B 1 25 2 1

Figure 5 Bone marrow alkaline comet images with different concentrations of PFOA
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Table 3 The results of comet assay in rat liver cells with

different concentrations of PFOA

TR s/ (mg/kg-BW) sh¥%/H B DNA% H DNA%
0 10 457+1.11  4.49+1.17

" 10 10 4.54+1.04  4.53+1.35
20 10 4.58+1.22  4.53+1.16

40 10 451+1.11  4.47+1.28

40 mg/kg*BW CP 10 4.55+1.12 4.49+1.20

0 10 4.51£1.06  4.43+1.08

) 10 10 4.52+1.22 4.42+1.13
e 20 10 447+130  4.46+1.07
40 10 459+1.10  4.48+1.05

40 mg/kg-BW CP 10 452+1.15  4.45+1.08

2 58 DN A% 75 Mk £ B 055 2 DNA & & 5 th DNA% R R h itk £
AR DNA & &
2.4.3  HhE I E AR

Ab T it e Pk £ R R A P v R A5 OR
78, PFOA &5 412 DNA & & 5% M4 A e B
F2EF(P>0.05)(F£ 4).

4 AFHSE PFOA By R BRAM A I 240 1 £ a2 i 6 45 2R
Table 4 The results of comet assay in rat peripheral blood cells

with different concentrations of PFOA

PSSRl (mg/kg-BW) S8/ i DNA% 11 DNA%
0 10 4.45+1.30  4.42+1.17

i 10 10 4.42+1.29  4.40+1.07
20 10 4.46+1.14  4.47+1.31

40 10 4.46+1.14  4.47=+1.21

40 mg/kg-BW CP 10 4.45+1.19  4.44+1.17

0 10 4.43+1.26  4.48+1.08

. 10 10 4.42+1.17  4.51+1.04
. 20 10 4.48+1.21 4.44+1.24
40 10 4.40+1.08  4.48+1.12

40 mg/kg-BW CP 10 4.44+1.16  4.47+1.10

T - B DN A% 3% B0 M 25 5050 2 DNA & 5 5 1 DNA% R OR &
SRR DNA 5 &
2.5 HHEHAZ IR

BB O I 45 R WoR &R A 2 Y2 A
Jfl (Polychromatic Erythrocytes, PCE) i PCE il 1F 4
21 41 8 (Normochromatic Erythrocyte, NCE) f%) Lt {& FlI
BH X IR 40 PCE/(PCE+NCE) H Al 5 % IR 40 Lol =2
2E/NT 20%., PFOA #% 5l & 2H i #% (Micronucleus,
MN) 2 555 B AH b TG 25 25 5 (P>0. 05) , BA M
FEZH MN 3R 5 3% /3 T X IR 4 (P<0. 05) (R 5,8 6) .

#5 KREHEE PFOA (B 56 0% R 56 &5 51

Table 5 Bone marrow micronucleus test results of different concentrations of PFOA

51 F 4 /(mg/kg  BW) s/ 1 PCE/4~/H PCE/(PCE+NCE)/(%o) MN % /%o
0 10 2000 52.50 2.95+0.96
i 10 10 2000 52.55 3.45+0.76
20 10 2000 53.00 3.40+0.86
40 10 2000 52.75 2.75+0.87
40 mg/kg-BW CP 10 2000 47.65 24.20+1.83"
0 10 2000 53.10 2.85+0.71
e 10 10 2000 52.60 3.20+0.84
20 10 2000 53.00 2.55+1.11
40 10 2000 52.60 3.35+1.00
40 mg/kg-BW CP 10 2000 47.55 25.00+2.06"
T R 50 I A L, P<0.05
* i N A kS e
; P ¢ 2 :»8;:': it S s & e". 1 ve s
- & Tl y ©
e ® o v 8 o :
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5 .5 g 4 t( ~ LT A 2 Wioret Q‘G s e %
Y e B g e C gﬁl’”f‘ realihcs X ik

TEAEFIXIEAL;B: 10 mg/kg-BW PFOA;C: 20 mg/kg-BW PFOA;D: 40 mg/kg-BW PFOA;E: 40 mg/kg-BW CP; i 3k A 35 M iM%
El 6 AN EE PRFOA M) il i i 56 I/ |

Figure 6 Micronucleus test pictures of different concentrations of PFOA
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6 Jil iy /N B 8 24 .48 1 72 h 5 HE AT E RS o
55 A BORE PR 5 A R I, R R R Y £ K 5 05 09 IR
i BUTENHOFF %50 R Gi k25 A £ W PFOA
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