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Detection of DNA damage in peripheral lymphocytes by 7 compounds

using comet assay’
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AIM: To detect the DNA single strand breaks { SSB)
in peripheral lymphocytes of mice, rats, and human
induced by hydrogen peroxide {HyQy) . ethyl methane
sulphonate (EMS), dimethylnitrosamine { DMNA ),
mitomycin C (MMC), benzo (a) pyrene {BaP),
cyclophosphamide ( CP ), and 2-aminofluorene
(2-AF). METHODS: Alkaline single cell microgel
electrophoresis assay in vitre ( comet assay ).
RESULTS: All were positive with 2 exceptions:
EMS (0.97 mmol* L") in mice and MMC {30 pmol
*L~') in mice and human. The lowest concentrations
detectable were HyOp (1 pmol <L-1), EMS (0. 48
mmol - L™'), BaP (5.0 pmol - L~'), CP {2.0
mmol-L"1), MMC (10 pmol-L~!), DMNA (27.3
mmol* L™!), and 2-AF (62.5 pmol-L-!). CP,
BaP, and 2-AF were positive only in the presence of
metabolic  activation system. CONCLUSION:
H;0,, DMNA, BaP, CP, and 2-AF induce SSB in
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peripheral lymphocytes of mice, rats, and human
detected by comet assay, whereas MMC induces SSB
only in rats, and EMS in rats and human lymphocytes.

The single cell microgel electrophoresis assay
(SCGE, comet assay) can quantitatively detect DNA
single strand breaks (SSB) at the individual cell level
in virtually any eukaryote cell population both in vive
and in vire. With the advantage of need for
extremely small numbers of cells per sample without
radiation labeling, this sensitive, simple and cost-
effective novel technique is promising in fast screening
the genotoxicity of drug candidates’~7 . This study
aimed to investigate 7 compounds with different
genotoxic mechanisms for their potentialities to induce
SSB in peripheral blood lymphocytes of nmce, rats.
and human using iz vifre comet assay.

MATERIALS AND METHODS

Na,-odetic acid { Shanghai N¢ 1 Reagent Factory}, Tns,
Me, 30, trypan-blue {EMK}, Triton X-100 {Farco}. normal
melting point agarose { NMA, Sigma Type [-A. mp=88 T),
low melting point agarose {LMA. Promega, mp = 64 T ),
ethidium bromide ( Fluka}, lymphocyte seperation medivm
(LSM, Shanghai Huajing Biological Co), RPMI 1640 medium
(Giboo BRL), fetal bovine sera ( Sijiging Instituwte of
Biomaterials, Hangzhou) .

Fully frosted slides (25 nm x 75 mm), coverglass {25 mm
¥ 25 mm}, horizontal electrophoresis umit { Shanghai DP
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Organic Glassware Factory ). DY-A electrophoresis apparatus
{ Shanghai Institute of Biochemistry ), binocular fluorescent
microscope { Zeiss Axiolab, Germany) .

Test compounds  HyOp { Shanghai Taopu Chemical
Factory) . CP { Shanghai Ne 12 Pharmaceatical Factory ). EMS
{ E Merck) . and MMC { Kyowa, Japan} were dissolved in PBS.
BaP ( Sigma}, DMMNA (Sigma}, and 2-AF { Aldrich) were
dissolved in Me;SO.  All the compounds were prepared
immediately before use.

Isolation of lymphocytes Healthy human blood was
provided by Shanghai Blood Center. Kunming mouse and SD
rat blood samples were taken from the heart. Heparinized whole
blood 1.5 mL was mixed with 1.5 mL nommal saline, carefully
added onto the top of 1.5 mL LSM { density 1.077, 1.085,
1.087 kg » L~! for hwnan, mouse. and rat lymphocytes,
respectively) spun at 400 x ¢ for 30 min. The lymphocyte
fractiom was washed twice in 1.0 mL cold RPMI 1640,

Preparation of rat microsome metabolic enzyme
system (S, Mix): SD rats { §. 180 — 200 g, Shanghai
Experimental Animal Center, Chinese Academy of Sclences,
Certificate No 005) were killed on d 5 after ip aroclor 1254 (500
mg-kg~'}, the livers were washed with 3-fold volume of cold
KC1 150 mmol * L1 { containing PBS 10 mmol-L~?, pH 7.4)
and homoginized in sterile condition. The mixture was spun at
Q000 % g for 10 min, the supematant collected as Sy was stored
at —70 T. The S Mix was prepared by 1.5 mL S, co-
enzyme I 21.0 mg (70 %}, and G-6-P 7.6 mg, adjusted to
5.0 mL by sterile water.

SCGE protocol Cells {1 x 10°/L PBS) were weated in
vitro in a shaking water-bath at 37 C for 1 h.  Each test was
performed with a negative { solvent) control, a positive control,
ard 2 - 3 concentrations of test compound. A 1 % Me, SO and
3% S Mix were adkled when needed.  Viability was
determined by 0.4 % trypan-blue  staining before and
immediately after incubation and calculating the survival rate
compared to correspording solvent controls. At the end of
treatrneti, the cells were pelleted, washed with cold PES, mixed
wAth molien 0.5 % LMA., and maintained at 37 °C .

Microge! electrophoresis was done basically according to
[3] with some modifications, Breadly, on the frosted shide, the
first layer was 0.5 % NMA (50 pL/slide}, the second, mixture
of cells and 0.5 % LMA {30 pl/slide} and the thid. LMA
without cells. The cells were lysed in the cold fresh solution
{NaCl 2.5 mol-L~!, Na,-edetic acid 100 mmol-L~!, Tds 10
mmol- L', pH 10, with fresh 1 % Triton X-100 and 10 %
Me,50 added} for 1 h. then placed in fresh electrophoresis
buffer { Na,-edetic acid 1, NaCOH 300 mmol+L-'}. The DNA
was allowed to unwind for 20 min and then subjected to
electrophoresis at 25 ¥V, 300 mA for 20 min. All steps were
performed under deem red light.  After the electrophoresis was
completed, the slides were neutralized with Tris 0.4 mol- L~ for
3 x5 min, stained with ethidium bromide {20 mg-L"!, 35 pL/

slide). and observed at 400 x magnification with an excitation
filter of 515 nm— 560 nm, and a barmier fitter of 590 nm. The
comet il length { TL, pm) was measured using a calibrated
scale in the ocular of the microscope from 100 randomly caphured
cells per slide, 3 slides per concentration. The calculated value
of median TL in test minus control {T — C) was a direct
reflection of induced damage. Positive results were defined as
increases in the T— C > 12.5 um in reproduced experiments.
The data obtained were transformed by namral log to normalize
distributions and to generate data for a one tailed r-test.

RESULTS

In negative control groups, the cell viabilities in
lvmphocytes of mice, rats, and human were 92 %
+5% (n=14),89 % +4 % {(n=11), and 87 %
+6 % (n=9), respectively.

All were positive with 2 exceptions: EMS 0.97
mmol*L~! in mice and MMC 30 pmol* L' in mice
and human {Tab 1, Fig 1, Plate 2).

The lowest concentrations detectable were HyQOs 1
pmol * L°!', EMS 0.48 mmol-L™!, BaP 5.0
pmol-L™', CP 2.0 mmol-L"!, MMC 10 pmol-L"!,
DMNA 27.3 mmol L~ and 2-AF 62.5 gmol-L-!.
CP. BaP and 2-AF were positive only in the presence
of metsbolic activation system. The difference of
DMNA { without Sq Mix)- and CP ( with S Mix }-
induced DNA damage to buman lymphocytes was
shown from the distibution of comet tail length
(Fig 27,

175
200 DMNA/
mmai-L~"'

Fig2. Distribution of comet tail length among human
blood lymphocytes exposed to DMNA { without S, Mix) ,
CP (with S, Mix). Data based on 100 cells per dose
group.

DISCUSSION

The cell viability and TL in negative control
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Tab 1. Comet assay of mouse, rat, and human lymphocytes exposed to 7 tested compounds.
Mouse lymphocytes Rat lymphocytes Human Iymphocytes
Teeatment Vishiliy”  Median TLy_c  Viability — Median TLy_c  Viabity  Median TLr_c
abs/rel (%) TLpm* o’ absred (%) TLpm  pm  abs/rel (%) TLypm  pm
PBS 10 L tube 59100 27 847100 25 88/100 3
H, O 1 pmol-L™" 8596 46 19 90,107 57 32 78/89 41 8
3.3 83/93 65 38 B0/95 88 63 74/84 57 24
10 81,98 109 a2 7690 156 131 69,78 01 58
PBS 10 L tube 90/100 29 95,100 25 90,100 35
EMS 0.24 mmol L7 82/9 32 3 8T/ 35 0 BO/89 a5 0
0.48 B6/96 33 4 T0/74 77 52 73/81 55 20
0.9 7684 41 12 81/85 56 31 70,78 | 49
HO: 10 pmol-L™! BOABY 77 48 7687 84 40 8291 95 o0
PBS 5 pL/tube 96100 28 oL/100 2% 84100 3
MMC 3.3 umol-1-1 8791 36 8 093/102 36 10 867102 36 4
10 80-83 32 4 8593 39 13 78/93 40 )
30 82/85 39 11 78/86 54 28 7083 45 11
HO; 10 pmol L7} 90404 85 57 B4/02 97 T 77792 88 52
Me,50 5 uLstube 59100 25 85100 29 93./100 29
DMNA 273 mmol'L~! 84794 42 17 7993 33 4 88/05 40 11
55 79/89 68 43 8L/99 42 13 79/85 74 45
109 67/75 i1 58 857100 53 24 70/75 136 107
HO: 10 pmol+ L™ 80790 | 66 a0/ 62 33 8501 81 52
PBS 10 pL/tube 867100 28 85/100 31 50/100 31
CP 2 mmet'L"? 89/103 44 16 90106 42 11 81/93 50 19 .
8 82/05 61 33 8499 84 53 77486 68 37
32 TR 101 73 77/90 % 68 79/88 125 !
PBS 5 pl/ube 96100 30 97/100 27 894100 35
2-AF 156 ymol L~ T9/82 35 5 9093 36 9 8191 41 6
62.5 B3/86 42 12 8487 50 23 7685 16 11
250 70,73 78 48 76/78 141 114 84/84 51 16
CP 8 mmol-L ™! 84808 92 62 0194 77 50 8191 66 3L
MeSO 5 plube 97/100 25 89/100 24 94,100 28
BaP 5.0 pmol<1.-1 9003 30 5 67/75 26 2 87793 41 13
45.0 85/88 50 25 B4 57 33 a0/85 48 20
4050 79/81 121 9% T1/86 40 25 /82 55 27
cr 8 mol L™ 91,54 77 52 8697 & 45 B6/91 61 33

* Absolute Mo of viable cells n relation to total Ne of cells, as determined by trypan-blue exclusion; relative No of viable cells based on

100 % survival in the comrol.

§ Values were calculated from 100 cells per slide, 3 slides per defermination.

t *positive” when TLy_¢>12.5 pm.

groups were in accordance with those (95.4 %
+2.3 %, 29+ 6 pm)™, showing that the experiment
condition was stable. In most of the treated groups,
the cell viabilities were >75 %, indicating that the
cytotoxicity level was low.

CP. BaP, and 2-AF were indirect mutagens,
therefore were posiuve only in the presence of

metabolic activation system. The negative result of
MMC may be due two that the mice and human
lymphocytes were less sensitive to this compound.

The result was clear enough when TL was used as
DINA damage indicator, although comet tail moment
(TL x fluorescent strength of comet tail) was more
useful if image analysis system was available.
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