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Low dose efrects on cultured mamnlalian cells
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Abstract The low dose e丹kcts induced bv carboIl ions oIl Chinese harnstcr V79

cells aⅡd珊uri丑e mel a】如衄a B16 ce】】s were investigated iⅡthis paper．Both cell ljIles

were divided into four group8 for irr喇iation：(1)control，(2)o．02Gy or o．05Gy(D1)，

(3)l Gy(D2)1(4)D1+D2．Thc survivors and micronuclei were studied as biological
endpoints．The results of group(1)and group(2)showed that there were no obvi—
ous diHbrences on microⅡucleus丘equency but there were si皿ni6cant increases when

hadiation dose was O．02Gy on colony formation e伍cieⅡcy． Althou曲10w dose ion
irradiation could not contribute to DNA d猢a旦e8，it could cⅡhance the c010nv fbrma．
tion emcien。y IⅡthe study of group(3)aⅡd(4)，when the ion dosc was 0．02 G y’thre
were evident increases on surviving fractioⅡaⅡd decrease8 on r11icronucleus trequencv，

but there were no statistical changes on these eⅡdpoiⅡts when the io工l dose was 0 05Gy

This Inean七that high工ET radiation could indl】ce the adaptive respoⅡse of cuItured

ceUs，fhrtherrrlore，in the rangc of inducing ion dose．10w dose irradiation was IllorP

Dro矗table than high dose one．
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1 INTRoDUCTIoN

It is weⅡknown that i皿izing radiation caIl iIlduce many deleterious effbcts ill ceUs，
fbr hstance，chromatid aberrati0Ⅱs，nmtations and kiuing of ceUs But in 1980s，it was

found that low level of ionizinE radiation c011ld stiInulate the growth，prohferation of anj—

mals，plants and 111icrobes(Luckey，1980)¨Human lymphocytes treated with a low d。se

of ioniziⅡg iⅡadiatiml prior to a lIigh dose exposure collld have fewer chromatid aber．

rations than expected(Olivieri，1984)【2J，this phenomenon had been termed as adaptiVe

response to io工lizing radiation，and has been observed by a lot of scientists Most of the打

work focused on low上ET radiations，su出as X，7 and卢rays，as for lIigh三ET radiations

few investigations have been done．It was reported that pre—exposure of lymphocytes to

x—rays c01dd reduce the cllromosomal damages induced by a particks(wol正1991)∽In
1992，Brooks[4J iniected radioisotope 239Pu，w王lich irradiates IIi譬h三ET n particles，into

Chjnese hamsters，at 30th aⅡd 410th day，也ey observed the bone maTrow ceUs after 2 Gy

wh01e body 1一ray irradiation．The Teslllts showed that there was remarkable decrease on
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c上lromosomal exchanges at 30th day，but not at 410th day．Recently，it was reported that

pre．expos眦e of mouse testis to a low dose of 1608+beams rendered the 0rgan of mouse

Ⅱ∞re resistant to subsequent kgh dose irradiation(zhang，1998)B This suggested that

hj曲三E?heavy ions could induce the adaptive response of mouse．These reslllts made
it very interesting to study the e丹bcts of Iow dose of heavy ions fhrther．

In this studv．the survivors and血cToImclei of cultured Chjnese hamster V79 ceUs

alld如山-iIle melanoma B16 ceUs after irradiated with low doses of 12C6+beams were

investiEated．

2 MATERIALS AND METHoD

2．1 CeUs and cell culture

The ceU血les for test were Chinese h锄ster V79 cells and mllrine melanoma B 16
ceus(p11rchased from Institute of cancer Research，Be巧ing)． ceus were subcllltwed

every 3d in RMPI．1640 medium(Gibco，E11rope)with 10％newbom calf serum The

cllltllres weTe m撕ntained at 370C iIl a h1】加jdi丘ed iIlcubator cont aining 5％C02 Before

iⅡadiation，cens were plated in≯35n】m Petri．dishes at a concentration of 5×104 ceUs／n1L

and cuhuTed for 24h．

2．2 Irradiation

Accordjng to the UNSCEAR report in 1986，ldw level of ionizing radiation weTe

these doses which Were not hi曲er than 0．2Gy oflow工ET rad主ation or 0．05Gy of hj曲
工ET radiation．So in tMs study，o．02 and O 05 Gy(D1)were chosen as 10w doses at a

dose rate of 0．08 Gy／Injn approxjmately，1 Gy(D2)as subsequent high dose at a dose

rate of 2 Gy／血n．Four gfoups for each type 0f irra山ation were diVided as(1)control，
(2)D1，(3)D2，(4)Dl+D2，m group(4)，befbre irradiated with hjgh dose of D2，ceⅡs
were incubated f曲4h at 37。C．

The irradjation was performed at the Heavy Ion Researcll Facility in Lan Zhou

(HIRFL)in dishes attached to 2越m thjn Mylar fⅡ1．CeHs were exposed to 12C6+beams

with ene79y of 50 MeV／u．

2．3 Survival assay

After irradjation，ceUs were trypsimzed and plated虹妒60mm plates at 100 ceUs per

plate to assay the colony forIlling abmty．After incubation for 8 d，ceUs were stajned with

Gjelllsa d”，c0】01Ⅱes that had more than 50 ceUs、耽re scored as survjvors，The colony
foHnation emciency(GFE)was determmed by foⅡowing equation：

cFE(％)二(Ⅳ；／Ⅳ)×100％

hereⅣx was the nttrnber of colonjes，Ⅳwas the nurnber of ceus plated

The s11rvival fraction(sF)was calculated by fouowiIlg equation：
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sF(％)=(sI／so)×100％
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文was colorLy fomation emciency。f irradiated ceUsl氏was c010ny formation e吊ciency
of control_

2．4Micronucleus assay

At the same time of survival assay，trypsi工lized cem were plated in≯35ⅡⅡn dishes

at appr叩riate dihltions and c11ltured for 24 h，the proportion of cells with IIlicronuclei in

total ceU population was deteⅡnjned using a fhlorescence Inicroscope

3 RESULTS AND DISCUSSION 4

In the study ofgroup(1)and(2)，the diⅡbrences ofnlicronucleus frequency were not

obvious，this was under our expectaIlce，siⅡce the low dose was too low to contribute to

DNA damages．But there were signmcant血creases on colony formation emciency when

the dose was 0．02G y，as sh。wn iIL Table 1

It was reported fslIlith’1992州that exposure of lmman劬roblasts to low dose of 7一

rays caused an increase on c010ny f曲mation emciency'but there were no such phenomena

in human硒roblast删tants wlIich were d面cient i工l DNA repair，so it was deduced
that low dose c011ld not contribute to DNA dama即，but c0111d induce e训haIlced co工ony

formation e伍ciency with a new type of DNA repair mechanism

The adaptive response of cllltllred ceus was studied加group(3)and(4)．The reslllts

of s11rvivin譬fraction ofboth ceⅡlines were shown in Table 2．The surviving fractions of

cells pre—exposed to 0 02 Gy were siglli矗cant higher th姐the results of ceⅡs which were

only exposed to lGy．No signmcant difrerences、vere fbund bet、耽en ceUs prBexposed to

O 05Gy and exposed to 1Gy a10ne．

Table 1 The colony formation e伍ciency(％)

of v79 and B16 cell8 in group(1)and(2)

cell Dose／Gy

Hne (oIltrol O 02 0．05

B16 25土1．8 42士2 4f1) 25士2，0(2)

Data shown in this table were rnean volumes

of 4 indepeⅡdeIlt culture dishes．(1)Sign讯cant

}leight，p<O、05．cor印ared with the results of

∞ntrol，(2)No sign访cant di舶reⅡce，p>0．05}

compared with the results of contr01

Table 2 The surviviIlg fractlon(％)of V79

and B16 cells in gro“p(3)Ⅻd(4)

cen Dose／Gy

hne 1 (o 02+1) (0 05+1)

弋丽—而五百1正面可r1西面刁可-
B16 56士5．2 78士5．2(11 45士10 0(2)

Data sh(料n iIl thi8 table were mean vohlnlcs

0f4 indepcndent culture di8hcs(1)SignihcaI扎

heightj p<0．05，compared with岫e resulb

of 1G弘(2)No sigⅡi矗cant di讯rence．p>【)05

compared with the results of 1 Cy
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V79 B16

Fig．1 Micronucleus frcqucncy of V79 ceIls

a11d B16 cells irradiated by carboIl io T1s

The results of功icronucleus矗equency

of group(3)aIld(4)were shown in Fig．1．
One thousand ceUs were scored fbr ev—

ery point． The rnjcronucleus frequen。y

of ceUs pre．exposed to 0 02 Gy decreased

38％(p<o．05)and 35％(p<o 05)in V70

and B 16 cells，respectively． Meanwhjle，

the ITlicronucleus frequencv of cel】s pre—

exposed to 0．05 Gy increased 4％(p>o 05)

and 11％(P>0．05)in V79 and B16 cells，

respectivelv Although these increases

were not sigILi矗cant，pre-exposure cells to

0．05 Gv had shown more serious ir“uries

hI the study of Brooks，at 30th day after injection of 209Pu，the absarbed dose D l

equivalent of Ch血ese hamster was 0 1 Sv，there was adaptive response on ckomosomal

exchanges At 410 th day，the absorbed d08e D1 equivalent was 1．44 Sv，no adaptiVe

response was found hl our experiment，s姐ples were irradiated with the plateau of
carbon ions，in this case，the且BE of heavy ions was about 2，so 0．02 Gy and 0 05(；y

were eq uivalent to 0 04 Sv and O 1 Sv，respectively．Our results showed that 0．02 Gy could

induce s盯vival and rnjcronucleus adaptive re印onse while 0．05 Gy comd not Thjs agreed

with the results of Brooks that iIL the ranEe of inducing ion dose，low dose irradiation

was more pro矗table to induce ada口tive response than high dose one．

On the other h aTld，although whole body irradjation of O 05 Gy oxygen ion5 could

induce adaptive response 0f曲ce in the expeTiment of zhan巨’s扎o．05 Gv of ca丁bon ioI、s

c01dd not induce adaptlve response of cllltuTed ceⅡs，this rnjght due to the di抒爵ent

condition between vivo and vitro．or kind of ions and so on

From the reslllts of all above，we conclude that 10w level of mgh LEI’irradiation

such as 0 02 Gy carbon ions could enhance the cok咀y formation emciency and induce

survival and nljcronucleus adaptlve response of cultured ceUs
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