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Abstract Hllman peripheral blood exposcd witll 188Reoi at vari011s radloa(一

tivities fbr 54 h w．as exarllined to obscrve the chroIIlosome aⅡd chromatin abcrratioIls

at metap}lases iⅡthe咖tosis oflympllocytes．The矗ndiogs indicatc如at￡llere is an

iIlcreasing tendency 0t the aberration yields of both types with incrcasiIlg 188Reoi
concentration and a dose dependency could be obtained．The aherration yicld was beHt

丘tted bv a auadrat记modcl．ChroHlatin aberrations．aberration cclls and chro¨losoHlE

i’ragments were矗tted into a linear-regressioⅡmodel
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1 INTRoDUCTION

A10ng with the recent development on radi叩harmaceuticals，the radionuclides of

rhenium are widelv used for cllre of tumor and pain—reduci工19 of cancer patients wlth

bone metastases．Because of its exceⅡent nuclear property，rhenjum一188 have been taken

into account Inuch more iIl肌clear nledicine and were used fbr treatment of cancer The

h越Ufe of 188Re is 16 9 h Its beta ray energy is suitable for tumor therapy with a
range in tissue of 4 mm Its smaU锄ount of low energy g甜nma ray is approPriate for

gamma camera imag血g to observe t啪or size or locate the position，but not血creasing
the body dose． 188Re．1abelled radiopharmaceuticals c越maillly accmnulate in tumor

tissue to dbtain the curati、re efE龟ct throu譬h its beta ray Juweid⋯I印orted nle results of

11 patients with gastrointestiIl出caIlcer treated by 188Re—labeⅡed MN．14IgG，including

its phmarcokinetics，dosimetry and to】(icity etc．After injected 740～2886 MBq of博8Re—

MN．14IgG，the most accum砌ations were fbund in Uver，spleen弧d kidney tissues in

these patients．The biologjcal decay values fbr 188Re—MN一14IgG jn blood and urine were

8．2士4．1 h and 98．O士37 8 h，respectively． The absorbed doses to wh01e body and red

marrow were o．135士o．014mGy／MBq and o 973士o 27mGy／MBq，respectiVely Inhibited

red marro啊was occurred onlv when the to】【ic dose level reached． The tolerated dose

was 2．22 GBq Pahnedo【2]treated 22 cases of cancer with bone metastases usinE 188Re—

HEDP and jts efrective rate was 75％．The dose in treatment was 1295～4440 MBq and
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the maxi工11um toleration dose was 3．33GBq． The most血port aIlt side e仃ects were the
thombo and leukoperLia．Oh例studied patients i11jected with 370 MBq of 188Re—DTPA．
Who王e body im89i工lg after 28 h showed the radjation absorpation doses of thyroid and

“dney were o．753 mGy／MBq and 0，685如Gy／MBq瑚pectjveJy，but the d05e of whoJe
body was 0 0208mGy／MBq only．We can see that ra出orhenium．188 is a kind of safe
and eHbctive radioisotope and its widespread appncatjon has been explored

The dose is very hportallt in radiation cHIlic．Only control the accuTate irradiation
dose，c扯l the eH色ctive ther印y be achieved，To g“an accurate knowledge of dosage，it
is necessary to investigate the bi010百cal genetic e珏bcts of 188Re Radiobi0109lc越Inethod
has the advantage of measllring the dose on a more basic level with hjgh precisjon The

chromosome ab盯ration is used in this work for jndicating the e仟bcts of ionizing radia—

tion and otherⅡmtagenesis factors on mar衄aUan In thjs stud y’the relation between
radioactivity and c}Lromosome aberratio“yield were疗tted with regression equation s

Corresponding radia“on dose could then be g“ned from the chromosome aberration

rate，thus the use of radiopharmaceu“c出s wou!d be more precjse，e抒鲁ctive and safe

2 MATERIALS AND METHoDS

2．1 Materials

Nal88Re04 was obtained from Shangh越Ke盖ing Pharmaceutjcal Co．CuItllre medium

“1640”was pllrchased from Jap aIl Phytohmag对utinin(PHA)was gamed from hsthte
of Radiation Medjcine，Shanghai Medical UIliverslty． VituliTle serum was supplied by

Shanghai Institute of CeU Bi0109y．Mlcroscope was bought from OLYMPUS，Japan

2．2 Methods

2．2．1 Making up 168Reoi solution of diⅡ毛rent radioactivity
Cultivation hqllid was constructed by j 0injng‘1640”c11ltjvatlon radix with 20％

VituUne se儿眦，and sllitable quantity of PHA，penicillium and streptomycin Radioactive
stock hquid was produced by addition of 188ReO了into cultjvation 1iquid，and then diluted

with none—radioactive cultivation liqujd usinE hamand—half method C山tivation liquid

contaim‘曙Vafious concentration of 188ReOi was prepared a玎d was loaded 5 mL per vJal

2．2．2 Preparation and analysis of chronlosome samples
Four cases of venous blood sanlples weTe taken from 11ealthv vohlⅡteers f 2 males and

2 females，respectively)． 0．3ⅡlL venous blood was added to aforementioned cLdtivated

V“．B esides contr01 group，seven dose酽oups were estabhshed Theh initial 188ReOi
radioactivities per vial were 0 137～8 695 MBq，respectively．

They were cultivated fbr 48 h at 37。C．then were added to colclncine f矗na】concen—

tration was O．2pg／mL)and were further cultivated for 6h，Chromosome samples were

prepared from the coUected ceIk according to conventional method．Metaphase叫tosis
of 2n=46士1 w町e checked in oil一lens bv double-bli工ldness method in tenn of BucktoIl

standard of dlro：[nosome dberration analysis． Experimental data were analyzed usjng
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least square regression卸d were丘tted into actiVity response curVes

3 RESUITS

Vc)1-11

Varjous types of chromosome abeⅡation were thu8 produced from hlLnlan peripll一

eral blood lymphocytes irradiated by 188ReOi of various doses(Table 1) Both of the

stable and unstable abe玎ation of chToIrlosome were increased obviously with increaslng

188ReOi radjoactive concentration，the chromatin deletion was柏s。increased． Ringed

chTomosome or chTomati工l exchange were not analyzed because of their aberration Tate

was too law．Relations between aberration and radioactivity of otheT aberratlons were aU

丘tted bv d诳毡rent mathematical models．The㈣ers of aberration 0f ceUs，fTagments
and dicentric plus centric rinEs were best丘tted by quadTatic models(Tabk 2)

1HBReO■No of Chromosorne ab㈣t101l C}Ⅱomatln Bberra‘l¨1l Abcnatl¨11

／MBq ceUs Dic印tⅢ Acenmc C帆tⅢ Fr89m∞t Inten ChromatIn Ch0IIIat⋯f L’clls
nng n“g 出mlg。 dekti⋯xdlmlB。 ／％

C。ntrol 1100 一 4 2 5

0 36士0 002 018士O OOl 0 45iO u67

0137 2405 5 — 23 — 22 — 46

0 20士0 OOl — U 02土0 002 0 88土0 002 1 84士0 o。3

0 274 2282 3 — 30 27 48

013士O 001 — 1 31土0 002 1 18士0 002 2 10士O uu3

0 544 2467 7 — 49 1 29 76

0 28士0 001 l 99士0 003 0 04±O 001117土0 002 3 08±0(Ⅲ4

l 088 1849 18 64 3 55 11)5

0 00士0 OU2 — 3 46士0 004 016土0 00l 2 97士0 004 5 68士O uu5

2176 1344 21 2 1 84 7 51 133

1 56士0 003 015士0 001 0 07士0 00l 6 25土0 007 O 52土U U02 3 70士0 005 0 9u士0 0()s

4 348 1455 103 14 1 297 14 127 3 354

7 D8士O 007 0 9G士0 0030 07土0 00l 20 41土O 007 0 96士0 003 8 73土0 017 0 21士O 001 24 33士I)ull

8 605 730 151 19 2 459 36 152 7 410

20 68士0 017 2 60土0 006 0．27士0 002 62 88士0 007 4 03土0 008 20 82士0 46 0 96土0 004 56 10±0 u18

Thble 2 Results of矗￡ting珊athematicalⅡ王od。ls for vari。u5 abcrm￡ion yield8
yiJl penpjleI—

ver8us acnvi七ies A of 188nOi

y=口+6^ y=一u 66+2 34×102^ r=u 905【1

Dicentn【+centrk rmgy=Ⅱ+6^+c^2 y=014+8
82^+3 6l×102^2 189 42>晶01【?jl

n89rIl僦 y=Ⅱ+bA+c^2 y=o 58+o 67 x102^+8 32×102^2 356 83>R ol《2二)

y=d+b^ y=一2．86+2 58×102A r=0 98
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4 DISCUSSToN

275

In our studv of the rates of the chromosome aberration ill huma肌peripheral blood

lynlphocytes induced by 188ReOi irradiation，some。bvious f色atures were seen on¨1e

radjation—response curves ofthe aberrations，but had not been reported previously These

radjation response curve offbred a rnicroscopic bjogenetjc foundation fbr the deternljna

t1。n of the 188Re dosage apphed．CoInpared with external irradiations，the charactersf c‘

of 188Ite induced abertations and their radjation resDonse curve can be sununarize c1 as

foUows

1．Both chromatin deletion and chromatin exchange weTe increased obviouslv wI“1

increasillg 188Re dosage丘om’rable 1． They were dj舵rent丘om those caused by iTra

diation with low LET X or 7一rays，in the latter case lymphocytes irradiated were only

those in the period of Go wherea5 188ReOi was a sustain血g internal radiati。n souI ce

in whole irradiation period，so not omy lymphocyte of period of Go，but also the lym—

phocytes of periods S and G2，wldch sphtted under the excitation by PHA，showed

chromatin aberration In addjtion to the irradiation．che血cal factor c01lld be another
cause of aberration

2 For the dicentric plus centric ring in the double hit products，caused both by l。w

LET rays and by 188Re，the relation between the induced aberration with the quantlty

oi‘radiations was best fitted by a quadra“c model On the other hand，fbr single hlt

products，the quaiLratic model seemed better than a linear one to those induced by 188Re；

for 10w LET rays induced single hjt products，only Unear—regression could be used WheIl

a linear．regression y=Ⅱ+6A was used to矗t the yields 0f ceU aberrations，chromosome

fragments and deletions，parameterⅡwere always negative(r=o．99，p<o 001)
3．The yield of chTomosome fra舯ent were 3～5 times more than the yield of centnc，

no matter how much radioactivities(the quantity ofradiations)of 188Re were used，which
was cormect to the nuclear properties of 188Re：85％卢rays of eneTgy 2．12 MeV，15％7

rays of energy 155keV only，砌1dl 10wer than the en盯gy of eoCo了-rays，。r the 8 MeV X

raⅣs from the 1iIIear．accelerator and 14】ⅥeV neutrons卜^J．

These results wiu be use柚for chIlical application of rhenjum-188 1abened r；1c|io—
Dharmaceuticals
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