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电镜放射自显影研究浓缩铀 U02F2

在体内亚细胞水平的沉积.

朱寿彭汪潭最

〈苏州医学院〉

摘要

运用电镜放射自显影术探讨了可溶性浓缩铀 UOzFz 在机体内亚

细胞水平的蓄积动态。发现浓站铀 UOZF2 在内污染危害早期集中于
主要沉积器官肾脏，尤其呈选择性沉积于近曲细管土皮细胞核中和

胞质的线粒体内，以及曲细尿管基底膜处，从而可导致近曲细管土皮

细胞的变性、坏死和脱落。对肝组织细胞的电镜放射自显影观察表

明，浓缩铀 UOzFz 开始主要沉积到肝细胞核中以及胞浆中可溶性蛋

白质部位，随着观察时间的延长，浓缩铀 UOzFz 主要定位于肝细胞的

线粒体上，其次是溶酶体中.浓缩铀 UOzFz 在骨组织细胞中的沉积是

持续增升的，主要沉积在松质骨部位的骨细胞核和破骨细胞核中，而

在胞质中，尤其是线粒体中，也有浓集的放射自显影径迹颗粒呈现，

且其滞留期长，很难排除.

·网*(1然科学N.金赞助冒'凰



SfUDY ON THE ACCUMULATION OF ENRICHED URANIUM

U02F2 IN SUBC皿..LULAR LEVEL BY ELECTRON

MICROSCOPIC AUTORADIOGRAPHY

Zhu Sbωpens Wang Yuanchang
(SUZHOU MEDICAL COUEGE)

ABCfRAcr

The retentive peculiarity of soluble enriched uranium UO:rF :r in subcellular level

was studied by electron micr西α)J)ic autoradiography. The幅rly dynamic accumulation

of radi咀ctivity in the body showed 由at enriched uranium UO;rF :r was chiefly localized

in ki由町，臼pec:ially a∞umulated in nucleus of epicyte of kidney near-convoluted

tubule. In liver 臼Us ， enriched uranium UOzF:r at first de萨)Sited in the nucleus and the

cytoplasm , then a由umulated in mitochondria selectively and Iysωome as well. The

electr∞ micr西copic autoradi唱raphic study showed that the dynamic retention of ra­

di础etivity of enriched uranium UO;rFz in skeleton rωe steadily throughout the ex阴〉

sure. Enriched uranium UO:rF :r chiefly de防卫sited in nucleus and mit出hondria of the 西­

teoblast as well asω阳)Clast.

·四幅画咽!lie回四ppot'l创 by N.fio帽I N.III,.I Sci.nOll POll阳笛"而 or Chin.
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INTRODUCTION

Now 丽 the field of r甜iation medicine ,the enw∞mental polluti，回 and 也mage to

human beings by nuclear f田I and its f国i∞ produ嘟 released fr，ω) nucl姐r tests and

plants are much ∞ncerned by the 阳blic. Enriched uranium 田n be applied to nuel回r

fuel 部 well 画 nuclear w铺院)Jl，SO we paid attention to the metabolic peculiarity in or­

ganisrn[']. In recent years ， nucl阻r 归，wer plants are built continually , therefore ，蚀Ie u­

tilizatiOll of enriched uranium has r咽ched a ra回d development. With an incr回se in

production of enriched uranium，。恼rvations of the effect on envir佣ment and on hu­

man beings be旬me a significant task. SO it is nece岱ary to study the radiotoxi，ω1吨y of

enriched uranium[Z].

The soluble enriched uranium UQ,Fz w的 selectively accumulated in kidney , then

in skeleton and liver ,only a few of them were d咿lSited in othe~· t丽ues[J]. The dynamic

study of i饵 metabolismshowed that a饵umulationof enriched uranium UOzFz in kidney

and liver rapidly reached the high pc础，then gradualy redu臼d. However , the accumu恤，

tion in skeleton rose si回dily throughout the ex萨)$ure[·].ln the environment of produc­

lion planl，则由tIe enriched uranium∞刷刷ltaminate the human body lhrω.gh differ­

ent ways. The detrimental effect 曲owed a cl面;e relation with retentive peculiarity in

su以:ellular structure. No such 5t回国 were re萨)J1ed yet. SO we intended to study 由e

retentive peculiarity of enriched uranium U~Fz in subcellular structure by electron mi­

cr幅ωμc autoradi唱ra阶y.

1 EXPERIMENTAL METHODS

1.1 pr曹回ration of electr棚mI町倒E叩Ie ra侃侃dive 句_Imen and ultrathin艇ctlons

Enriched uranium UOzFz containing 18.9% 231U w剧"时 at a c∞centration of

60 mg/mL in this ex阳iment. Enriched uranium UOzFz was in如ted by i. v. 20 mgl
kg into 24 male Wistar rats weighing 185土 12 g. Rats were killed by de四pitatfon after

6 ,24 , 48 ,and 12 h r，回pectivelj'• The bl创拥If was heparinized and centrifu萨d 四 as to

obtain blood 饵:115. The kidney , liver and spongy bone were removed quickly and cut

into pi，回帽 about 1 mms• The small pie倒 of tissue were fixed in 1%osmium acid 静

lution which was made up with O. 1 mol/L ph田;phate buller at pH 7. 4 for 2 h at ""C.
Then the pi回国 were washed three tim回 with physiol唱i帽I saline at the 皿me tem庐ra­

ture for 5 minutes each. The washed ti跑出s were dehydrated with incr锦singωn饵n­

tralion of acetone from 30% ,50% ,70 % ,80% ,90%ω100%. Then the tlssu髓 were
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infiltrated wi由 a miscible liquid of be灿 dehydratingagent and embeding agent.and fi­

nally rep烛cedbythe 阴阳 embcding agent. Epoxy resin 618 was 四cd as embcding a­

gent. The embedded tissues wereωt into ultra'由in section with O. 05 Jim 由ickness by

ultramicrot创始 from LKB. 1be sections were m础ntcd on theα:»pper gri也 which were

previ创剧y ∞，vcrcd wi由 support film of ∞Bedion. The water on the grids w，槌 absorbed

with filter-归per. The g时也 W回e piaα地∞ the supporting 臼，lumn and transferred to

the 也rkr，∞，me

1. 2 pr叩..tlon of I翩翩归y哩!I' emulsion and m刷刷III

Fig.l. Pr，句lGuation of monolayer emulsion by

1创咿 method and mountinl
I 一一-Emu凶on HW-4 _ melled in WId时 balh at 40 'C and dilu时 by I I 5(V!V),
2一-The diluled emuls恤IHW-4_a剧创阳 low lemper81Ure waler b8ItI 81 Io'C ,
3-一-白帽阳IinUm I饵' 庸--回In and widldrawn I fOIII d回 dilut创酬ulliun 旬阳m IIIOIIOIayer emula闹'

4一-The mono崎回回咄棚 _moun刷刷 lbe CIC响let 1l'1d.

The .，目。lulion 幅paelty of electron micros∞'pic autoradi唱raphy was very high.

The special nuel四r emulsion HW-4 w，皿 appli~d. The diameter of silver crystals were

abσut 140 nm. The monolayer emulsion prepared by J∞，p method wa.~ then ex阳lISed to

the tiny radioactive so町cesln 白e subcellular structure(5). By using monolayer emul­

sion the latent images appeared only in the n回r西t silver crystals ,and not in the other

grains. SO the cr倒s and overlap images were reduced ,and the r醋。Jullon capacity in晴
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crea锺d. 白Ie monolayer emulsi曲 W蕾 prcpu唾d as follow哩:In也rktoom unc恼 safel蝴\t

nuel蜡创nuJsi铺 HW--4 w画 diluted with triple distilled water by 1 I 5 (V/町. and

was melted in water ba由 at 40 'C immediately. Then 阳 diluted emulsion ..αJOIed

to lO 'C in low temperatl田e water ba由. A diameter of 15 nun platinum or steel wire

lαlp was eli回Jed into the mel由1I emulsion. and the loop w黯 wid回rawn vertically at

I, ' speed. At this conditiOl四 then刚刚何时帽lu1sion over 岱回e loop was f饵'回d. Then

let the monolayer 四川si∞ film air回国Iy attached to the ar诅 be fallen 命回nd幡恤>P to

cover 笛Ie Jrid wholdy (Fig. 1). The mountinlar描s were put in a labeled 事cimen

box by tweezers lightly. Finally the 每回伽len boxes wereμ瓢时 in. 咿臼i.1 dry町 at

-i 'e for ex萨黯町唾.

1.3 DeVeJ呵翩翩t.stoI制lIC.flxati帽 and 血恤E唱

After exposure.由e 曲velopment of specimen 曲ould be 臼rried out in the 也rk­

r∞m. The selected d凹'el句阳 W描 DIS' The tiny Silver grain was m'ωeαmpaet[I]. It is

suitable for locatioo of radioo皿lides in subcellular level<1]. The freshly prepared devel­

oper DII w国 po町ed into glass bowl. The specimen box was dill属企ly c:ippcd into the de­

veloper for 2 min at 20 'C. then rinsed in distilled wa阳 and st0PJ时 develo阴阳tin

3% a，臼tic acid 田，Iutian for 15 s. 1bc specimen w画 rinsed in distilled water a但面，

then fixed in 2.. % solution of sodium刷刷1肉ate f，叮 3 min. La阳 rin时 five tim目 in

distilled water for 1 m阳 per time. All pre庐lfed 阳，Iutions 曲。uld be kel现 at 20 'C [5].

n .e specimen w田 stained 嗣 follows: 四e experi四lentalcop伊rgri也 with speci­

men were immer回饵 2.5% aq四ωs uranyl acetate for 3 min at room阳n阳'sture in

the darkr∞，m.then rin揭dind画tilled water thoroughly. After dryinS.it was stained in

lead citrateωlUlioo for 30 min 由en rinsed in distilled water again. Af'阳 drying in d回t

free air. the grids weu stof1ed in dust free ∞'ntainer snd ready for at揭町valioo under

the el回tron micr咽∞pc H-600.

2 EXPERIMENTAL RESULTS

2.1 Autendl唱;raphy of kidney cells

Afti"!' enriched uranium U02F2 was absorbed in the body.its retention in sub臼1Iu­

lar structure of kidney wali ununiform. At first it w回 mainly de萨)Sited In e酬'吃yt国 d

renal proximalω，nvoluted tubule. Fig. 2 showed dense autoradi唱raphic tracks in nucle­
国 and mitochondria. Some alltoradiographic tracks appeared in basem四t membrane of

renal tubule(Fig. 3) and relative a few tracks in glom町ull 81 well 81 in other 阳tions

of renal tubule.
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Fi,. 2. Electron micr回臼刷c aut甸回同raphyof

唰cy恼。If renal pr，由1回国 tubl血 at 6 h afler

i. v. injection of enriched uranium UOzF. ShOWaI

more owner嘀酶 .utandiasr耐!hie trae:IlS in nuclc现路

and mitoc1lor由施.X JOOOO

.-.

FI,. 3. Electron mlcrOlCC刷c autoradlO8J'I阶yof 阳 buement membrane of

renal tubule at 24 h after I. v. 栩如tion of enriched uranium UOrF.

showed the retention of autorw.l1osraphlc t"ackl. X 20000



z.z Au阳回阳，刚Iy or Uwr-饵'‘
The autoradi唱m肉ic studies~ that at rll'st enriched uranium ~Fz 嗣S

mainlya回国nulatcd in the nucleus of liver 创Is，where clef田 autor回闯rapt即回cks

appear咽。'ig. 4). At lhe same 由院. some autorad网papllictra曲S COlD恤led with 叫­

uble 归回:eins appe部'cd in the cyt，鸣曲嚣n•

•

, ,

fiB·4. 曰ectron micl'CllC句蝇c autoradi唱m阶y

of liver cells at 6 h after i. v.

Injection of enrld时町anium UOzF2
showed dense autor刷刷sra肉ic tracks

In nucleωand soluble 庐创ans

within die 町toplasm. X 12000

Fig. 5. Electron mi町@明强c autor回i审呐y

ofliv町 cells at 24 h after I. v.

injmion of enriched uranium U02F,
showed more numero皿 autoradi咿画阶ic

tracks In mitoe:hond血. X 10000

With 由e prolonpti∞ of observing time.enriched uranium U02F2 was mainly de­

院副ted in mitochondria where more numerous autoradi咽;fa阶ic tracks appeared (Fig.

5). Autoradi鸣raphic ttacks simultaneously appeared in lys帽omes of liver cells as well

(Fig.6).

2.1 Au'阳"怕"向y of bone celli

τ'he inωke of enriched uranium UOzF2 in the body was mainly deposited in .阴JrJgy

胁ne. Figure 7 showed the mωnumerousautoradi唱raphic tracks were accumulated in
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PO... 6. Electron m阳酬JIliC avtar挝钮'罩phy of Ii'晴钮lis 副 24 h after i. v. in，如etion of

四E挺bed uranium UOzF,1howaI SOlI隐刷tend阳e在前ie: trac:b in Iys翩翩悟.X9000
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FII. 7. Electron mic:rOlCC刷e: autoradlosraphy

ofal归田:1臼IS from 句娼physl， or the tibia

at 72 h ai'阳 I.v. In如ctJOIl of enrie:hed

uranium Uo,F,showed 侃nse autoradl唱raptlle:

Ira饨， In nucleus.and more numerous tracks

appeared In mitochondria within the

c:yto例组m as well. X 10000

Fil.8. EI'回民lfI Mic:r，倡"刷e: autoradi锦ra阶y

of 唰幌市lastI at ... 8 h after I. v.

栩如剧。n of enrle:hed uranium UOzF,
showed selective retention of autoradlOll'aJ睛lie

tracks In whole nue:1饨..and 民me track,
aPJ黯ared In thin cyto肉.m as well. X J6000
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the n町Ieus of 西teoc恼Is from cJ后physis of the ti恤. Mare numero幅翩翩回魄"庐 ic

tracks 鸭"剧创时 in mitoe:hondria within the cytop恒SIn. As shown in F忌.8 the au­

tor回i鸣raphictra啤s selectively 创:ewnulaωd in whole nuch:四d 幅幅d归国swi由intbe

Jacun:酶. and more numerous autarad阳g在民ic: trae也 also 吨'回ReI in the thin cyt，。

plasm arow踊 nucleus.

A幢幢...审·抽y of llIOOd饵:lis

Aft町 absmpti倒 of enriched 田anium \JO,Fz into the bkx蝠， it appeared rapidly in

the fanni唱eIemen也 ofbl侃d. As shown in F忌. 9. especially 阳哥ythrocy施.WIleR

more nUll'lerOl踊 aulor'adiClll理协ic trac:b a阴阳町回. A few auklndi唱:npbic tracks ap­
pean:d in De咄咄曲.
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FI.. 9. Electron mic:rCllCOP曲c .utar画画啼aphy of blood cells a' 6 h .fter

i. v. in如etJon of enridlcd UJ'IU]lwn UOsFaallowed more numerClUl If饵"

in 笛)'Ihr饵)'ta.而Iy a few tracks响...回 in ncutrCIJ刷II. XJOOOO

DISCUSSION

At present, the pc跚:ibilitiea of the αlIJtamination by the 臼Iluble enriched uranium

U02F2 to the human boeU国 is incrl幅sins. Enriched uranium UO,F2 W，帽 mainly .ceu­

mulated in kidney cells at 回fly stage. 白Ie electron microscopic autoradi唱raphic stue:ι

in showed that enriched uranium UO,F2 w圃 selectively de院lIited in 唰cyle of proxi-

'
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malα)Il¥Oluted tubule of kidDe), r回叫"咱 in dmat皿ali俑，翩翩回is and shcddins of

e目cyte of the prox阳"lube曲，缸naJly 但因鸣anuria.

In Ii'¥!町c:dls ，at first幅融融d uranium tJO,F1 ..咽..mlyclepc回ted in n皿捡回and

soluble Ill'回ems of cytq:翩翩.La恼， it w回剧创iwly 10饵，ted 画 mitodaon创a ，thcn in

Iy割跚跚跚， may r回lllin&画面回der of biol唱iCaI oxidali倒 and the functional red皿­

lion of hy由oIylic: en町me.rma1ly e.u由1I 1iv田-kidney syr由帽leo

τbe 句namic retenlian of r回阳削Mty of em划时 uranium tJO,F1 in skeleton

StCi翻lily J'OR lhrCM唱haul the 饵萨lSUreO Enr油画田'allium Uo,Fz W回曲蛇fly de归国ted

in nucleus and mitoehor由ia of ClIICOI油田Isas well as 帽"咽均臼ISwi由阳吨刚!&Y bone. Its

R忧nliClll pericxl ... quite 10000 ,and it WIIS eli筒ωIt to excrete ,so as to ind回哩 harmful

effect to 岱Ie bone 臼:11s may res砸出咯叫limale1y 回币'咱阳帽由and terate‘回盲目i$CI-le].
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