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Comet electrophoresis of blood nucleated cells 

in genotoxicity assessment 

GUO Ju-Yua~，TU Zeng—Honga(StateKey Laboratory ofDrug Rehash， 

ChineseAcademy ofSciences，Shanghai200031，C3u'na) 

KEY W ORDS agax gel eleetrophoresis；L4·-oxaly·- 

sine；lO-hydroxycamptothecin；no~ta'egnenes；dim劬 yl 

sulfo~ ；bleomycin；mitomycinC；lymphoeytes；oell 

survival 

AⅡⅡ． Genotoxicity evaluations of several different 

chemicals including L-4．oxalysine． 10一Hydro- 

xyeamptoOaecin(HCr)，19-norprogesteron(ST1435)， 

dt~ethyl sulfoxide(~le2SO)，bleomycin(BI．M)，and 

mitomycia C( )． M暇Ⅱ蜘 S：A】kaliDe c呲 t 

assay in vitro(single cell ge1)(scG)． RESULTS： 
L．4．oxalysine and HCT did not caIlse directly DNA 

damage． ST1435，the subdermal implant progestin， 

had no effectonDNA damage untilthe doselevel uDt0 

4 nnnol·L-。． M SO did notincreaseDNA dalllage 

at c0nce1l昀 d锄 below 2 ％ ，but showed a col~~enlra- 

tion-dependent DNA da皿age at≥4％ ． Bleomycin 

andmitomycin C demonstrated a strong dose—dependent 

DNA damage． CONCLUSl珊 ：Comet assay as a 

toolto testthe g即o【0xidty of suspected chemicals，is 

rapid， simple， sensitive， good reproducible， and 

inexpensive． 

Owing to the exquisite sens试vjtv。the low cost， 

reproducibility，and its application in measming DNA 

出I珈age in individual eells，the comet assay becomes all 

important tool in predic~g the genom~ of 

chemicals ． In this paper，MeeSO，L-4-oxalysine， 

HCT (10-hyda'oxycamptothecin)， STI~5 (19一 
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nortxogesteron)，bleomycin，and mitomycin C were 

tested for their ability to induce DNA 出I珈age in tat 

blood ceils in vitro using the alkaline COl1)et assay to 

further e瑚 据 the charactedstics oflifts raethod． 

Me2SO is a very commonly used solvent for 

chemicals As far a5 we know there is no pub~shed 

report about the genotoxicity of№ SO in the corrltet 

assay．We are interested in whet~ Me,SO induces 

DNA damage and what c0ncen昀 右0n is suitableto use 

as a solvent inthe corrmt assay． 

L4一Oxalysine，H2一( }一CH2一O-CI~-CtI(mt)2一 

COOH (a white powder，purity 99％ )was first 

isolatedfrom Streptomyces roseoviridofuacus 11．sp．at 
ow institute． rn s eompound couldinhibitthe growth 

of several kinds of experimentaltllⅡ10rsL Soit was 

ofinterest to酬 u砒e whether L_4-oxa1vs e acted Oil 

DNA． 

10-Hyda'oxyc,~malXOthecin(Hcr)wasfirstisolated 

from Camptotheca acwninata Deeaisne in China(a 

yellow fluid．purity >90％)． HCT has a dmlon— 

mated matica~cer effect both in animal exDedDx and 

clinical ueamaent~3．4J
．
Several reports show that HCT 

has strong genotoxicity ． Its anfic0a~er ftmetion is 

due to inhibition ofDNA topoisomere~ I【 ．without 

effects 1311DNA． 

ST1435，a synthetic progestin。is|皿 ineffective 

contraceptive when given orally【 ’ ’ 
．  is well 

lmown．all increased incidence of c|皿cel3 'm pituit~-y 

and mammary glands， and neoplastic changes in the 

liver are n10st commonly observed afterffealment wim 

esUDgell， progestogen， and ~ -pmgestogen in 

many rodent speciesLSJ
． h1 addition． Ⅲ steroidal 

drugs induces sister chromatid exchan (SCE)， 

dⅡD皿0 m aberrations (CA)。 and mier0~uclei 

(MN)[9J． 

In this study． investigated the genotoxic 

potential of MeeSO， L_4一oxalysine， HCT， STI~ 5 
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using the ~ line comet assay with rat blood white 

cells， osmg bleomycm and mit~nycin C as positive 

cc0a~ ls，and saline and blank as negative controls． 

0旧nicals and rats STl435，a white D0wder 

(叫 ty 99％)，was dissolved in so (E Merch， 
100 Darmstadt．FR Germany) at the designed 

concentrations． L4-oxalysineandHCTwegefrom our 

institute． Bleomycin and mitomycin C v陀 bought 

from Nippen Kayako Co， and I ㈣ RIld∞ Kogyo 

Co，Tokyo，Japan，respectively．Bleomycin(BuⅥ)， 

mitomycJnC(MMC)+L-4-oxalysine．andH were 

dissolved in Dllysiologic I1ime at needed concentration 

~vemy SD rats(Grade 11，№ 117，7—8 wk， 

n=20． 1舯 一 200 g weight) obtained from the 

ExOelin．eIl切d Animal Center of Shanghai Institute of 

Ma aMedica，CI1irlese Academy of Sciences． Rats 

housed in cages 血stainless steel倒 tops and 

n00rsin a帕om of 25±2℃ ．humidity 55—70％ ， 

andlight Oil 8：00—2o：00． Diet andtap water w 

SUl~lied 硒 by hopper． 胁 w∽ 
ramdomly to eitherthe controlor~eallllentgroups． 

rats received a 7一d acclimatization before lh experi— 

ment． 

Alkaline a叫 ．et assay n1e rats we alles- 

thetized by in~aperimneal eclion of penmbarbit,~l 

s(]diuin(~l'va)at 40mg‘kg～ 1be alXk~linal aorta 

blo0d was collectexl in a h∞arin ed vacu~ainer． ．Ihe 

bloodwasthen aliquotinto 0．5InL staplesIn1．5mL 

centrifuge mbes． Wh0le bloodwas廿己am。dfor1 h 吐l 

the subst~ees at 37℃，and口ro噬 immediately 

in the S0G 忙st 

SCG was peff~mexl as described byHarmlann 

and Speit~10J 山 minor mod d 0ns
． ceU 1， i般 ， 

DNA m~winding．and elecwopl~resisw perfa~ ea at 

4 ℃ aIId analysed usiⅡg a fl~rescence microseage 

(Leitz Diaplan) (excitation filters 53O 一 560， 

suppressionfilter 580，didⅡoIl1atic nlirror 580)witt~ 

24h． Ima暨es of 100 randoraly蚓ected cells(n=3 

replicate slides)we ．皿mvzed from each samD】e at 

250-foldmagnification． Cellswefe gra~ t by eyeinto 

2 categories corresp~ Ung to the amollnts of DNA In 

： no damaged (<5％ )， and aamagea 

(5—95％)accordingtotbe teria ofDAnderson~11J 

(Fig1)． 

Fig 1． Fh岫“嗒。enoe唧 net 目ge of嘣 b唧 ho 忙 

atba鞠llevel(A)0r wjnlalong础 (B)． 

S舡lt蠡：t al nle也0ds Analysis was mrfa~ l 

by a slide reader(G】Y)，and tested for si明访can∞ 

( =0．05．tWO tails)using chi-squafetest． 

Cell vjal呦 assay After a 1-h~ealment of 
the bl00d cells with 00nⅡom s the cell viability 

wastested usingmypan blue dye(Cl~ma)exclusion． 

The cell viability of each扛B Dd group w鹤 II帕犯 

岫 如 ％ ． 

．Ihe extended DNA lⅡi 面 加 of cells 叩0s。d to 

physiologic saⅡne and in the blank control w盯c not 

raueh~fferent(P>0．0s)．s0We o0lnbjⅡ。d吐m  as a 

controllx~idve DNA 出 rate：4 ％ ±0．3 ％ ，its 

95％ confideaceintervalw鹪 3％ 一5％ ． 

Me,SO ≤2 ％ did not produce any DNA 

damage，whereas the coneenlratio~ 咖  “g缸 m 4 ％ 

to 40％ induced DNA 也Im (P(0．05)in a 

concentration-dependent n1aⅢ1er． 

hK耐珀ses in 【)NA dama驿 w盯c als0 s嘲  

forM Ic at concentrations of 

2—6mmol·L～ ，andforBLM at concentrations ofl0- 

57tarsi‘L (Fig 2)． 

Noincrease ofDNA damr雌rcwas seeninliltblc~t 

cells after~eallnent 吐l L4．oxalysine andHCT．ev印 

at concenlratio~s as hi as 370 r~nol·L_。and 22．8 

删 ‘L respectively(Fig3)． 
s1 435 was f soluble in water． aad so 2 ％ 
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Fig 2-Rate of damage缸ratblood cells cSCGtestJ 

treated with Me2SO c solvent)．MM ．and BLM 

{pes~tive cmtr~s)． n=3×100 replicate slides． 

±s． >O．05，lP 0．05掰 蜘 叫 ． 

Me2SO was used as solvent． ST1435 below 3 mmol· 

L一 did notincreaseDNA damage
， butitincreased山e 

damage at concentrations of 4—22 mmol·L一 (P < 

O．05，Fig3)． 

DIScUsSION 

Comet assay，as atool to test the genotoxicity 
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Fjg3．Rate ofdsflll~gein ratblood cells《s( test) 

treatedwithL-4-mmb~ne．Her。and ST1435． n：3 

x100 replicate slides． 霉 ±s． >0
． 05．1P<0．0s 

t c劬 nI． 

0f sI】spect。d chemicals， is rapid， simple
， sensitive． 

good reproducible，and inexpensi,,~e
． 

Me2SO did not increase DNA damage until 

concentrations as great as 4 ％ w盯e tested．So when 

using Me2SO as the solvent
， the concen~ fion  sb0u】d 

be≤2 ％ ． 

BLM WaS more sensitive than MMC when lls．mg 

comet assay t0 test DNA damage． BLM iI1【iIJoed 

marked cell damage at10 ／Lmol·L一 whileMMC at 2 

mmol-L_。． 
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L-4-oxalysine inh／bited the growth of several 5 Potineehl M， c Eom · From bench research to 

different kinds of e did not 
6 M

Ca

．

nce rRes1994；5

M
4： 43A1一 

show any geno tox! activity 一·Our pr~：v1OI,I,S 。tudy sl1b出IⅡ 血npIant【eiea曲培Ⅱ 曜 血 5"I"1435：OVarian 
showedthatthelC∞of L一4一oxalysineforCHL cellwas fI 0n'bleeding p臼m。ms，and side effects Ferfil Steril 

18 mmol·L～ ．but only at 4 mmol·L一 ．the cell 1992；58：114,7．一7 

rnetamase w如 。 。d ． 王n V 。f tl1e州de Heikin
嗍

tleim oO,

如

Nc

僻

e Grapi,H

d

au kkamaa M ’

j ：：_ 
dismn~ be~veen l 蛆d the obseIv。d mempI naoep咖 1994；50：275—89

． 

d【lses， no alter notion of circular dichroism DNA 8 DI Ⅱ∞ vs， Ohi~on Ⅸ ． Ge~ oxlcity eval~ ion of 

spectra(m]and mability in inducement of DNA damage Il0m te| ∞e∞ № Res 1996；367：1—10- 

as shown |n this study，the mechanism of action is1eft ’ 。
l 

咖  

叩 朗 - 10 HanmannA．Spen G． GcnoO~c effects of che~calsin 

HCT，an antitumor dmg，induced chromosomal the r e cell gel(SO3) with human blood cells in 

aberrationsinCHO cellN]withan lgso of0
．

59mg·L relation to the induction of sister-clwccnafid exchanges 

(1．62fanol J)．Atthis d0se，HCTinhibimd cen ll 2 器 一P 
division completely；at 0．125 nag‘L (0_34／anol‘ 幽 of 0IIs d躺 aI．d 0tI盯 瑚difyiI1g agents oll 

L一 )，the cells app@．al'ed good me／aptmse~3,4]，without 哪 ra吼 geI鞠锄白d DNA出 in htmmn lymplm- 

effect on circular dichroism DNA sp~ an[ 
．  

In this 皓 in 。瞪嗽 asmy· MutatRes】994；3町 ：舫l一7l_ 

sⅫy，l 4 (0．5 Ing )and 22 8 ml- H
of

Y ’ Imque

Ⅲ

~ e o

i 

f 

L did not show anyincrease ofDNA daⅡ】age． HCT 咖由
．
c抓抽嚷 RI劬 MI岬 1995；7：332—5 

was suwo~d to induce genotoxicity only in dividing 13 Hall mmaM，Laurikl~a-Rouni M，ne,~nje2moO．Moo- 

cells． Rat blood nucleated cells are n mauv in Go Yoang A． C．~ oR with sulxlenn~ releas~ 

， 

bjⅡ衄 of Topoisomemse I iS of 5。A虹  _ 

question- 7 一}7 
ST1435 did notinduce significantincreaseinDNA 

damage at concenU'afion oflessthan 4mmol·L一 (P< 

O．05) much big~r than the senlin ~on~ Wation 
／nhibiting ovulation 56-139 pmol·L一 [ 

．  
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平上EhNA的损伤情况．方法：体外彗星实验．结 

果：￡4氧代赖氨酸及 10-羟基喜树碱不能直接引起 

DNA的损伤．ST1435剂量高达 4 nm~ol-L 时才能 

对 DNA产生损伤．二甲基亚砜，作为一种常用溶 

剂，当其浓度小于2％时，不增加对 DNA的损伤， 

但当浓度≥4％时，可产生具有剂量一效应关系的 

DNA损伤．博莱霉素和丝裂霉素对DNA有强的剂 

量一效应关系．结论：慧星实验作为检测可疑化合物 

遗传毒性的工具，具有快速，灵敏，简单，重复性好 

及价廉的优点． (责任鳊辑 周向华) 
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