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ABSTRACT

~ The morphological changes of the mouse lens at 15 months after

“heavy charged particles and x-rays irradiations are described.

Radiation treatment, administered to the heads or upper bodies of 4

40

month old mice, includes 0.05, 0.3, and 0.9 Gy of plateau Ar and

20\e particles, 0.1, 3.2 Gy of stopping 12, particles, and 0.5,
1.5, and 3.0 of 220 KVp x-rays. The changes in other additional groups
bf mice were evaluated at 4 months after éxposed to 0.05, 0.3, and

20

0.9 Gy of plateau “"Ne particles and at 30 months after exposed to

40

0.1 and 1.0 Gy of "“Ar stopping particles. A morphological compar—

ison is made between the effect of the similar doseS"of'hohstopping

(plateau) and stopping 40

Ar particles at 24 months after irradiation.
Morphologic differences between cataracts in irradiated and age-matched
controls are also described.

At the age that corresponded with 4 months after irradiation,
control mice showed 15tt1e evidence of lens fiber degeneration. At 15
months, lens fibers showed a swollen cytoplasm only in the superficial
layers of both the anterior and the postefior regons. At 30 months,

degenerative changes_in lens fibers appeared at the deep region of the

cortex. In the irradiated animals, fragmentation of epithelial nuclei

2ONe ions

in the bow region was seen at 4 months after plateau
eprsure and persisted to'15 months. The lens fibers degeneration was
found distinctly at 15 months-after exposed to both charged particles
and x-rays. These changes inc]dded.permanentvdisruption of the lens

bow. The cortex was abnormal, as evidence by swollen cells and degen-

erated nuclei and lysosomal-like structures. These degenerative



vi

changes became progressively more severe at later times (24-30 months)

v40Ar particles,

after irradiation. At 24 months after exposure to
mice exposed in the plateau portion of the Bragg curve'(LET = 100
Kev/um) showed more severe lens fiber damage than mice exposed to ' w,
stopping particles (LET = 500-700 KeV/um). In general, the results

indicate that:' 1) the degree of degenerative chéngeslin lens fibers

increase with increasing radiation dose and sampling time; 2) there

were no qualitative differences in damage produced by heavy charged

particles and x-rays atv15 months after irfadiation; however, the

heavy charged particles were considerably more effectivé than x-rays

for inducing morphological changes; 3) radiation-induced injury in the

lens fibers showéd an LET-dependence when the jonizing density was

less than 100 KeV/um; 4) cataracts produced by heavy charged pértic]es

differed in certain morphological features from spontaneous cataracts.
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INTRODUCTION
The prospect of manned space mission of extended duration poées'a
number of problems (1). One'is the hazard that’might occur due
to high energy heavy ion partic]eS (HZE) to which personnel in space
will be exposed in a complex radiation environment. The effects of
space radiation exposure on the lens epithelial cells of the eye may

be of particular concern since this tissue appears to sustain a greater

degree of irreparable radiation damage than any other superficial

tissues. Although there is a rather extenSive body of information on
cataractogenesis'fol]owingvlow linear enefgy transfer (LET) radiation
(2-8) and high-LET neutfon radiation (9-15), only limited data are
avai]ab]e‘on'such effects on the lens after exposure to'HZE particies
(16). No previous mbrpho]ogic comparison has involved x-rays and HZE
particles characterized.by different (dose averaged) LETs where lens
changes were the endpoint.

The BEVALAC, a heavy ion linear accelerator at the Lawrence
Berkeley Laboratory (LBL), is a unique facility that can provide the
"man made" cosmic rays. A study at LBL has been designed to explore
the LET-dependence of the cataractogenic produced by HZE particles from
the BEVALAC (17). This report emphasizes the morphological changes in
the crystalline lens of the CBGF1 mouse after HZE particles irrad—v
iation. The purpose of this study is to determine if the radiation
damage produced by HZE particles and x-rays is similar, and to assess
any morphological differences between radiation-induced and spontaneous

(age associated) cataracts.



MATERIALS AND METHODS.

Female CBGF1 mice, 4 months old, were given head‘or upper body
exposures to heavy Charged particles or x-radiation according to
standard procedures used in connection with slit-lamp studies of
cataractogenesis (17). Some anima]s-which-were available for this
study came from experiments on Harderian gland carcinogenesis after
exposure to heavy chdrged particles irradiation (18). Doses, radiation
parameters and sampling times are shown in Téb]e 1. Before the animals
were sacrificed for the morphological study, the slit-lamp observations
for assessment of cataracts were performed and the results have been
‘reported elsewhere (17).

Animals from each dose group and each age-mafched (unirradiated)
control group were sacrificed at each sampling time. The animals were
anesthetized with 0.1.m] nembutal (sodium pentobarbitol). For each
animal, the thorax was opened and perfused with the fixative containing
1 percent glutaraldehyde, 3 percent paraformé]dehyde and 0.05 percent
| 1,5-difluro, 2,4-dinitrobenzene through the left ventricle. The eyes
were then carefully dissected and placed in 2 percétnt g]utaré]dehyde
in 0.075 M phosphate bufferbat 37°C. After 10-15 minutes, the
posterior globe was cut off and the eyes were held in the fixative for
another 15 minuteé at 37°C. The lens and cornea were then separated
from the eye and placed in the fixative overnight at 4°C. They were
then washed in buffer and placed in cold 2 percent OsO4 for 1 hour,
dehydrated and embedded in the araldite 502. Half micron sections were
stained with toluidine blue for light microscopy. Thin sections were

stained with uranyl acetate and lead citrate and examined on a Zeiss

10A electron microscope.
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“the anterior region of the lens after 3.5 Gy of (plateau

RESULTS AND DISCUSSIONS
A control mouse lens at 4 months into the experiment showed an
intact bow region and well-arranged anterior fibers (Fig._lA and 1B).

after 20

Ne exposure, the only abnormality found in the lens was the
presence of micro-nuclei (fragmentation of nucleus) in the epithelial
cells at the bow region. 'The production of micro-nuclei in the

epithelial cells in the lens has been seen previohs]y'as a response to

~low LET radiation (7). It has been suggested that damage affecting the

cell nuclei in bow_epithelial cells appearéd to initiate the series of
pathological events which fina]]y-]ead to cataractous lesions.
Apparently, the .lens epithelium:is the most senéitive_site to charged
particles as well as to the other types of radiations; At 4 mohths

20

after 0.3 or 0.9 Gy ““Ne radiatidn; the lens fibers at the'pdsterior

region seemed to be relatively normal in comparison to the fibers at

the anterior region. . Some anteridr-fibers showed a typically swollen
cytoplasm containing amphorous materials. Unfortunately, no |
x-irradiated mice were available so that a direct comparison of

anterior-posterior lens changes could be made. Worgul (19) reported
that transparency changes were observed during the first few days in
) 40Ar
particles. Soon thereafter thé posterior region became involved and
lens fiber changés progressed at a greater rate. At doses lower than
0.5 Gy, however, Worgul found the onset of anteior and posterior

opacities was appkoximate]y the same, and cataracts progressed until 1

year post-irradiation. These results are in contrast to low LET



radiation where cataracts appear»first in the posterior subcapsular
‘area. The reason for this difference is not understood currently and
should be investigated because both Norgu]‘s regults and our findings
at 4 months are consistent with the hypbthesis that early damage
manifestations may not be the same for photons and some high LET heavy
charged particles.

At 15 months after exposUre to 0.05 or 0.3 Gy 20Ne, the

morphology of lens fibers was quite similar to the control group. -

20

After 0.9 Gy ““Ne, the nuclei of the bow showed striking abnormal-

ities. At this dose, both the anterior and the posterior lens fibers

were irregular in shape and size. Degenerative changes were even more

40

severe in the animals exposed to " ~Ar particles. The lens fibers at

the bow region showed slight disruption after only 0.05 Gy (Fig. 2).

Merrium et al. (20), also reported that initial changes in the lens

40

fibers at the low doses (0.01-0.07 Gy) of '“Ar particles did

not differ significantly from those in the control animals. However,

degenerative changés progressed significantly unitl one year after

0

irradiation. We also found that after a 0.3 Gy 4 Ar exposure, the

fibers in the bow and anterior superficial regions contained areas of

abnormal swelling and vacuolation. Degenerative changes in the

40

anterior fibers that received 0.9 Gy of " ~Ar appeared deeper in the

20Ne irradiation mice. The

mid-cortical regions than those of the
lens fibers degeneration showed distinctly at both anteriof and

posterior regions in the x-rays treated groups after 1.5 Gy exposure

~and the degeneration became more severe after exposed to 3.0 Gy. After



both 0.9 Gy of *9

Ar particles and 3.0 Gy of x-rays, irradiation,
swellings of epithelium at the anterior pole were developed

(Fig. 3A,B). Abnormal nuclei were aiso seen in the posterior fibers
after both radiations. We also found that a much higher x-réy_dose'

4QAr particles

(3.0 Gy), in comparison to the low dose of plateau
exposure (0.05-0.3 Gy)'was required to induce degenerative,changes in
the bow region. The breakdown of the bow is thought to be due to the
abnormal migration and differentiation of cells which were in the

germinative zbne at.the time of irradiatidn (21). In general, there
was no striking qualitative.morpho]ogica] differences between animals
at 15 months after exposed to either plateau (non-stopping) heavy

12C particles

charged particles or x-rayé. After 3.2 Gy of stopping
irradiation, the damage of -lens fibers became more severe. These
degenerative changes became progresSive1y more prbminent-at the later
stage (24-30 mos.) after irradiation.. At 30 months the degenerative |
changes of lens fibers appeared at the deep region of the cortex in the
control animals (Fig. 4). Significant morphological differencés were
observed in the lenses of irradiated animals and unirradiated animals.
Although the average cataract score evaluated by slit-lamp was similar
in some animals, the morphological features, however, were quite
different. In other words, HZE induced cataracts were different in
certain morpho]ogical featurs from spontaneous cataracts. HZE
particles have the potential for producing thermophysica] lesions or

"tunnel lesions," which the other low-LET radiations do not

produce (22). The role of these lesions in the. producton of abnormal

_fibers by surviving epithelial cells is unknown.



The morphological differences between stopping and nonstopping

4OAr‘ particles were compared at 24 months after irradiations. At
lower doses (< 0.5 Gy) there was no apparent difference in the
morphological changes for either type of radiation. After higher dose,
however, the nonstopping 4OAr partic]es (LET = 100 KeV/um) were more
vdamaging»to the lens fibers structure than were the stopping particles
(LET = 600 kev/um) (Fig. 5, 6). From other studies (25), RBE of

4OAr particles for killing intestinal crypt cells was maximum in fhe
plateau portion of ‘the Bragg curve where the LET was ~ 100 KeV/um and
declined with increasing LET in 4-cm spread Bragg peaks.

In summary, four types of changes were involved after heavy chérged
particles andvx-rays; (1) abnormal bow patterns; (b) posterior and
anterior migration (or proliferation) of nucleated cells in the cortex;
(c) swelling of fibers and'déve]opment of amorphous areas, especially

‘at the poles; and (d) development of swores of epithelium at the |
anterior pole, in mice that recei?ed either 0.9 Gy of Ar particles or
3.0 Gy of x-rays. It seems that the magnitude of injupy is related to
dose, and to LET of particles when LET is Iess‘than 100 keV/um. These
morpho]ogica1 results are consistent with RBE results based on slit-
lamp observations where opacification produced by plateau 4OAr ions
was found to be greater than for plateau 12C or One ions or

1pw—LET x-rays. Although there is considerab]e‘morpho]ogica]'
similarity in the cataracts produced by Tow-LET and high-LET heavy

charged particles, it is important to examine the histology of lenses

of animals early after irradiation in order to determine what the

~~



initial sife of radiation damage is for these high‘and Tow LET
radiations. An early morphological evaluation also provides a means
to predict whether cataracts are likely to be iﬁduced by a given
radiation dose and thus could provide a faster and more accurate means

to assess potential radiation risks for personnel in space.
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Figure 3.

Figure 4.

Figure 5.
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FIGURE CAPTIONS
Light micrographsrof a control lens from 8 month old mouse
(4 month into the experiment) showing; (a) intact bow
region, X150; (b) wé]]-a]igned anteridr fibers, X600.
Light micrograph of an anterior region of the lens in an

40Ar

animal at 15 months after 0.05 Gy of plateau
partié]és. Swollen fibers in the subcortical region are
noted. X 0.

(a) Light micrograph of a Swo]]en epithelium of the anterior

4OAr‘.

pole in a lens at 15 months after 0.9'Gy of p]ateau
Numerous nuclei were accumu]atéd in the epithelial cell.
Degenerated areas with pale staining were noted in several
p]aces.v X350. (b) at Q]trastructura] level, the
degenerated area containing the lipid body (L) and debirs
(D), X5000. | |

Light micrograph of a control lens from an animal at 30
months into the experiment indicating the swo]]én fibers are
in the deeper region of the cortex than those found in the
younger animals. X150.

Electron micrograph of degenerated fibers in the anterior
region from an animal at 24 months after 0.9 Gy plateau
4OAr' particles. The fibers were completely distored and
replaced by amphorous debris (D), Lysosomal-like bodies (L)

and electron dense globular structures (arrow). Mylein

figures (M). X5000.

0o
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Figure 6. Electron micrograph of lens fibers in the regioh just

anterior to the bow in an animal at 24 months after 1.0 Gy

stopping 40

Ar particles irradiation. Partially degenerated
fibers with large vacuolus (V) and lysomal Tike bodies (L)

are noted. X3200.
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Table I. Radiation dose, parameters and sampling time.

No. of Lenses ' _ ' Sampling Time >
Examined Radiation Parameters Dose (Gy) . (months)
N i " : (_ i

6(3) (a) 570 MeV-plateau 40Ar 0.05 15,2
6(3) . 0.3 15,24
6(3) 0.9 15,24
6(3) 570 Mev-S0BP 40ar (b) 0.1 24

6(3) - 0.25 24

6(3) 1.0 24

4(2) 570 Mev-s0BP 40ar (b) 0.1 30

2(1) 1.0 30

6(3) " 470 MeV-plateau 20Ne 0.05 4,15
6(3) 0.3 4,15
6(3) 0.9 4,1
6(3) 400 Mev-soBp 12¢ (c) 0.1 15

6(3) , 3.2 15

6(3) 220 kVp x-rays 0.5 15

6(3) 1.5 15

6(3) 3.0 15

6(3) Control . 0 4

6(3) ' 15

6(3) 30

(a) number of animals from each treatment group were examined at each _
smpling time. .

(b) SOBP-animals were irradiated at the distal end of a 4-cm spread
Bragg peak (stopping particles).

(c) SOBP-anima]s were irradiated at the distal end of a 10-cm spread
Bragg peak.
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