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STUDY ON THE ACCUMULATION OF ENRICHED URANIUM
UQO,F, IN SUBCELLULAR LEVEL BY ELECTRON
MICROSCOPIC AUTORADIOGRAPHY®

Zhu Shoupeng Wang Yuanchang
(SUZHOU MEDICAL COLLEGE)

ABCTRACT

The retentive peculiarity of soluble enriched uranium UOQO:F; in subcellular level
was studied by electron microscopic autoradiography. The early dynamic accumulation
of radicactivity in the body showed that enriched uranium UQO;F.: was chiefly localized
in kidney, especially accumulated in nucleus of epicyte of kidney near-convoluted
tubule. In liver cells,enriched uranium UO,F; at first deposited in the nucleus and the
cytoplasm, then accumulated in mitochondria selectively and lysosome as well. The
electron microscopic autoradiographic study showed that the dynamic retention of ra-
dioactivity of enriched uranium UO;F,; in skeleton rose steadily throughout the expo-
sure. Enriched uranium UOQ,F; chiefly deposited in nucleus and mitochondria of the os-

teoblast as well as osteoclast.

* The Subject supported by National N 1 Sci Foundation of China
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INTRODUCTION

Now in the field of radiation medicine,the environmental pollution and damage to
human beings by nuclear fuel and its fission products released from nuclear tests and
plants are much concerned by the public. Enriched uranium can be applied to nuclear
fuel as well as nuclear weapon,so we paid attention to the metabolic peculiarity in or-
ganism{'], In recent years,nuclear power plants are built continually, therefore, the u-
tilization of enriched uranium has reached a rapid development. With an increase in
production of enriched uranium, observations of the effect on environment and on hu-
man beings become a significant task. So it is necessary to study the radiotoxicology of
enriched uranium(?).

The soluble enriched uranium UQ;F; was sclectively accumulated in kidney ,then
in skeleton and liver ,only a few of them were deposited in othe: tissues{®), The dynamic
study of its metabolism showed that accumulation of enriched uranium UQ,F; in kidney
and liver rapidly reached the high peak,then gradualy reduced. However ,the accumula-
tion in skeleton rose steadily throughout the exposurel*. In the environment of produc-
tion plant,soluble enriched uranium could contaminate the human body through differ-
ent ways. The detrimental effect showed a close relation with retentive peculiarity in
subcellular structure. No such studies were reported yet. So we intended to study the
retentive peculiarity of enriched uranium UQO,F, in subcellular structure by electron mi-
croscopic autoradiography.

1 EXPERIMENTAL METHODS

1.1 Preparation of electron microscopic radioactive specimen and ultrathin sections
Enriched uranium UO,F, containing 18. 9% ?*U was used at a concentration of
60 mg/mL in this expetiment. Enriched uranium UO,F, was injected by i.v. 20 mg/
kg into 24 male Wistar rats weighing 1851412 g. Rats were killed by decapitation after
6,24,48,and 72 h respectively. The blood was heparinized and centrifuged so as to
obtain blood cells. The kidney, liver and spongy bone were removed quickly and cut
into pieces about 1 mm?. The small pieces of tissue were fixed in 1% osmium acid so-
lution which was made up with 0. 1 mol/L phosphate buffer at pH 7. 4 for 2h at 4°C.
Then the pieces were washed three times with physiological saline at the same tempera-
ture for 5 minutes each. The washed tissues were dehydrated with increasing concen-
tration of acetone from 30%,50%,70%,80%,90% to 100%. Then the tissues were
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infiltrated with a2 miscible liquid of both dehydrating agent and embeding agent,and fi-
nally replaced by the pure embeding agent. Epoxy resin 618 was used as embeding a-
gent. The embedded tissues were cut into ultrathin section with 0. 05 um thickness by
ultramicrotone from LKB. The sections were mounted on the copper grids which were
previously covered with support film of collodion. The water on the grids was absorbed
with filter-paper. The grids were placed on the supporting column and transferred to
the darkroom.

1. 2 Preparation of monolayer emulsion and mounting
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Fig. 1. Preparation of monolayer emulsion by

loop method and mounting
I——Emulsion HW-4 was melted in water bath at 40°C and diluted by 1 1+ 5(V/V),
2——The diluted emulsion HW-4 was cooled in low temperature water bath at 10T
3——The platinum loop was dipped in and withdrawn from the diluted emulsion to form monolayer emulsion ;
4--—The monolayer emulsion was mounted on the copper grid.

The resolution capacity of electron microscopic autoradiography was very high.

The special nuclear emulsion HW-4 was applied. The diameter of silver crystals were

about 140 nm. The monolayer emulsion prepared by loop method was then exposed to

the tiny radioactive sources in the subcellular structurel®), By using monolayer emul-

sion the latent images appeared only in the nearest silver crystals,and not in the other

grains. So the cross and overlap images were reduced,and the resolution capacity in-
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creased. The monolayer emulsion was prepared as follows;: In darkroom under safelight
nuclear emulsion HW-4 was diluted with triple distilled water by 1 : 5 (V/V), and
was melted in water bath at 40°C immediately. Then the diluted emulsion was coofed
to 10C in low temperature water bath. A diameter of 15 mm platinum or steel wire
loop was dipped into the melting emulsion, and the loop was withdrawn vertically at
Ic ' speed. At this conditions the monolayer emulsion over the loop was formed. Then
let the monolayer emulsion film already attached to the grid be fallen from the loop to
cover the grid wholely (Fig. 1). The mounting grids were put in a labeled specimen
box by tweezers lightly. Finally the specimen boxes were placed in a special dryer at
4°C for exposure. .
1.3 Development,stopping , fixation and staining

After exposure, the development of specimen should be carried out in the dark-
room. The selected developer was D;y. The tiny silver grain was more compact{®]. It is
suitable for location of radionuclides in subccllular levell’). The freshly prepared devel-
oper D,y was poured into glass bowl. The specimen box was directly Gipped into the de-
veloper for 2 min at 20°C, then rinsed in distilled water and stopped development in
39% acetic acid solution for 15 s. The specimen was rinsed in distilled water again,
then fixed in 24% solution of sodium thiosulphate for 3 min. Later rinsed five limes in
distilled water for 1 min per time. All prepared solutions should be kept at 20°C(5).

The specimen was stained as follows: The experimental copper grids with speci-
men were immersed in 2. 5% aqueous uranyl acetate for 3 min at room temperature in
the darkroom,then rinsed in distilled water thoroughly. After drying,it was stained in
lead citrate solution for 30 min then rinsed in distilled water again. After drying in dust
free air, the grids were stored in dust free container and ready for observation under
the electron microscope H-600.

2 EXPERIMENTAL RESULTS

2.1 Autoradiography of kidney cells

After enriched uranium UQO,F, was absorbed in the body,its retention in subcellu-
lar structure of kidney was ununiform. At first it was mainly deposited in epizytes of
renal proximal convoluted tubule. Fig. 2 showed dense autoradiographic tracks in nucle-
us and mitochondria. Some autoradiographic tracks appeared in basement membrane of
renal tubule(Fig. 3) and relative a few tracks in glomeruli as well as in other portions
of renal tubule,



Fig. 2. Electron microscopic autoradiography of
epicytes of renal proximal tubule at 6 h after
i. v. injection of enriched uranium UG,F, showed
more numerous autoradiographic tracks in nucleus
and mitochondria, X 10000

Fig. 3. Electron microscopic autoradiography of the basement membrane of
renal tubule at 24 h after i. v. injection of enriched uranium UO,F.
showed the retention of autoradiographic tracks, X 20000



2.2 Autoradiography of liver cells

The autoradiographic studies showed that at first enriched uranium UOQO,F, was
mainly accumulated in the nucleus of liver cells, where dense autoradiographic tracks
appeared (Fig. 4). At the same time, some autoradiographic tracks combined with sol-
uble proteins appeared in the cytoplasm.

Fig. 4. Electron microscopic autoradiography Fig. 5. Electron microscopic autoradiography

of liver cells at 6 h after i. v. of liver cells at 24 h after i. v.
injection of enriched uranium UO,F, injection of enriched uranium UO,F,
showed dense autoradiographic tracks showed more numerous autoradiographic

in nucleus and soluble proteins tracks in mitochondria, X 10000

within the cytoplasm, X 12000

With the prolongation of observing time,enriched uranium UQ,F, was mainly de-
posited in mitochondria where more numerous autoradiographic tracks appeared (Fig.
5). Autoradiographic tsacks simultaneously appeared in lysosomes of liver cells as well
(Fig. 6).

2.3 Autoradiography of bone cells

The intake of enriched uranium UQyF; in the body was mainly deposited in spongy

bone. Figure 7 showed the most numerous autoradiographic tracks were accumulated in
7



Fig. 6.

Electron microscopic autoradiography of liver cells at 24 h after i. v. injection of

enriched uranium UO,F, showed some uutondmpluc tracks in lysosomes X 9000

Electron microscopic autoradiography
of osteoclasts from epiphysis of the tibia
at 72 h after i. v. injection of enriched
uranium UOyF; showed dense autoradiographic
tracks in nucleus,and more numerous tracks
appeared in mitochondria within the
cytoplasm as well, X 10000

Fig. 7.
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Electron Microscopic autoradiography
of osteoblasts at 48 h after i. v.
injection of enriched uranium UO;F,
showed selective retention of autoradiographic
tracks in whole nucleus,and some tracks
appeared in thin cytoplasm as well, X 16000

Fig. 8.



the nucleus of osteoclasts from epiphysis of the tibia. More numerous autoradiographic
tracks were retented in mitochondria within the cytoplasm. As shown in Fig. 8 the au-
toradiographic tracks selectively accumulated in whole nucleus of osteoblasts within the
lacunae, and more numerous autoradiographic tracks also appeared in the thin cyto-
plasm around nucleus.
2. 4 Autoradiography of biood cells

After absorption of enriched uranium UO,F; into the blood, it appeared rapidly in
the forming elements of blood. As shown in Fig. 9. especially in erythrocytes, where
more numerous autoradiographic tracks appeared. A few autoradiographic tracks ap-
peared in neutrophils.
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Fig. 9. Electron microscopic autoradiography of biood cells at 6 h after
i. v. injection of enriched uranium UO,F; showed more numerous tracks
in erythrocytes,only a few tracks appeared in neutrophils, X 10000

3 DISCUSSION

At present, the possibilities of the contamination by the soluble enriched uranium
UO,F; to the human bodies is increasing. Enriched uranium UO,F; was mainly accu-
mulated in kidney cells at early stage. The electron microscopic autoradiographic stud-
ies showed that enriched uranium UQ,F, was selectively deposited in epicyte of proxi-
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mal convoluted tubule of kidney , resulting in denaturation, necrosis and shedding of
epicyte of the proximal tubule,finally causing anuria.

In liver celis, at first enriched uranium UO,F, was mainly deposited in nucleus and
soluble proteins of cytoplasm. Later, it was selectively located in mitochondria , then in
lysosomes, may resulting in disorder of biological oxidation and the functional reduc-
tion of hydrolytic enzyme.,.finally causing liver-kidney syndrome.

The dynamic retention of radioactivity of enriched uranium UQ,F: in skeleton
steadily rose throughout the exposure. Enriched uranium UQ,F, was chiefly deposited
in pucleus and mitochondria of osteoblasts as well as osteoclasts within spongy bone. Its
retention period was quite long,and it was difficult to excrete,so as to induce harmful
cffect to the bone cells may resulting ultimately carcinogenesis and teratogenesist®~'%).
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