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Effects of Microwave Radiation on 
the Lens Epithelium in the Rabbit Eye 
Claire A. Van. Ummersen, PhD, Frances C. Cogan, MD 

• These experiments were conducted 
to determine the effect of cataractogenic 
doses of microwave radiation at 2.45 gi
gahertz (GHz) on the lens epithelium of 
the rabbit. One hour before animals were 
killed, triliated thymidine was injected 
into the anterior chamber of both eyes at 
postirradiation intervals varying from six 
hours to one month. Epithelial peels were 
made and autoradiographic techniques 
used to identify cells manufacturing DNA. 
Comparison of counts from both experi
mental and control epithelia revealed two 
patterns, depending on the presence or 
absence of vesicle strings. Those lenses 
without vesicle strings showed an initial 
pronounced suppression of mitotic activ
ity followed by gradual return to normal 
levels. Those lenses with strings showed 
a precipitous rise in DNA synthesis on the 
fourth to fifth day after irradiation. This in
creased activity may be the result of lens 
hydration. 

(Arch Ophthalmo/ 94:828-834, 1976) 

It is well established th~t expo
sure of the eye to microwave ra

diation can cause within a few days 
the formation of opaque areas, or 
cataracts, in its normally transparent 
lens.' These posterior subcapsular 
cataracts are similar in appearance to 
those induced by ionizing radiation,2"' 
but in the latter case, weeks or 
months are required for the cataract 
to develop. With respect to its latent 
period, the microwave cataract is sim
ilar to the galactose-induced cata
ract''·" in which the equatorial opa
cities appear two days after galactose 
feeding. 

Several investigators have shown 
that ionizing radiation and galactose 
feeding affect the lens epithelial cells, 
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from which the lens fibers differ
entiate. Ionizing radiation'·" inhibits 
mitosis in the lens epithelium and 
causes a loss of cells in the germina
tive zone. Von Sallmann,9 studying · 
flat mounts of the lens epithelium 
prepared according to Howard's'° 
method, showed that ionizing radia
tion causes in rabbits an almost com
plete inhibition of mitosis that lasts 
about three days, after which there is 
gradual recovery during the next two 
weeks followed by a period of greater 
than normal mitotic activity. 

The development of techniques for 
labeling cells using radioactive com
pounds such as tritiated thymidine 
makes identification of cells that are 
in the process of DNA synthesis as 
clear cut as identification of those 
that are undergoing mitosis. Von Sall
mann II and Scullica et al, 12 using in
traperitoneally administered injec
tions of tritiated thymidine in rats, 
found that mitosis in the lens epithe
lium was blocked immediately after 
x-irradiation and also that the num
ber of cells incorporating tritiated 
thyrriidine decreased, although less 
promptly. Recovery of DNA synthesis 
and mitosis began approximately 24 
hours later. 

Similar studies have been done, 
with different results, on rats fed 
galactose. Hanna and O'Brien' pre
sented evidence of a dramatic in
crease in the number of DNA-synthe
sizing epithelial cells during the first 
week of galactose feeding. Grimes 
and von Sallmann 6 reported a tran
sient stimulation of cell division in 
the lens epithelium that reached a 
peak at four days and subsided by 
seven days after galactose feeding 
had begun. 

Since ionizing radiation and galac
tose feeding differ in the effect they 
produce on the lens epithelium, the 
experiments reported here were con-

ducted to determine whether or not 
microwave radiation affects the lens 
epithelium and, if so, whether the ef
fect is similar to that of ionizing ra
diation or of galactose feeding. 

METHODS 
The microwave beam was generated by 

a magnetron tube driven by a voltage
regulated power supply. The continuous
wave power,. at 2.45 gigahertz (GHz) was 
fed through an isolator that protected the 
magnetron from power reflected back 
through the system. Two, directional cou
plers were employed to measure forward
going and backward-reflected powers, both 
of which were monitored continuously by 
means of thermistor mounts feeding to 
power meters. A slotted line was inserted 
beyond the couplers to tune out reflected 
power. The power then passed through a 
short section of coaxial cable to a dipole 
antenna that was mounted in an anechoic 
chamber 3 x 3 x2 feet (Fig 1). The anesthe
tized rabbit was placed in this chamber be
hind a barrier of microwave-absorbent ma
terial with only the head exposed to the 
microwave field. The right eye of the ani
mal, positioned exactly opposite the dipole 
antenna crossover and two inches away 
from the surface of its plastic housing, was 
exposed to a known cataractogenic dose of 
radiation. The nonirradiated left eye 
served as a control. 

All exposures were carried out at 280 
milliwatts (m W)/sq cm for seven minutes' 
duration. The absorbed power density of 
280 mW /sq cm was calculated from calori
metric measurements made in a phantom 
eye. This method of determining absorbed 
power has been described in detail by Car
penter and Van Ummersen." Since that 
time it has been possible to measure the 
power incident at the position of the eye in 
the anechoic chamber using a probe that 
measures all components of the microwave 
field. The incident power under these con
ditions is 585 mW /sq cm. It should be 
made clear, however, that these two power 
figures cannot be equated exactly because 
the former was an attempt to determine 
the power absorbed by the eye, while the 
latter.was a measure of power perhaps in
cident on the eye. Another important point 
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Fig 1.-Schematic representation of system used for irradiating rabbits. A indicates regulated power·supply; B, magnetron; 
C, isolator; D and E, directional couplers; F, slotted lirie; G, dipole antenna; H, anechoic chamber; I and J, fixed attenuators; 
K, thermistor mounts; and L, power meters. 
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Fig 2.-Representative fielo of epithelium 
from g~rminative zone of right lens of ani
mal killed 24 hours after irradiation (hema
toxylin-eosin, original magnification 
X 250). 

is that the exact power used wa:s not crit
ical to the study under discussion so long 
as the dose produced a cataract. 

The right eyes of 82 New Zealand white 
rabbits between four and five months ·in 
age were thus exposed to microwave radia
tion, followed by killing at postirradiation 
intervals varying from six hours to one 
month. With the exception of those ani
mals killed 18 hours after irradiation, all 
animals were killed at mid-afternoon be
tween 3 and 4 o'clock. The 18-hour animals 
were killed between 10 and 11 in the morn
ing. One hour before death, the animals 
were anesthetized by pentobarbitol sodium 
administered intravenously and both eyes 
were treated topically with tetracaine. 
Physiologic saline (.05 ml) containing four 
microcuries of tritiated thymidine was in
jected into the anterior chamber of each 
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eye through a 26 gauge, 0.96 cm needle. To 
avoid aqueous loss, the needle was inserted 
almost parallel to the corneal surface and 
just in front of the limbus. After injection, 
the needle was crimped close to the cornea 
and severed, leaving about 0.32 cm of it in 
the cornea. This piece was removed just 
before the animal was killed. Following 
death, the eye was enucleated and the an
terior hemisphere fixed in Carnoy fixative 
for 24 hours and then transferred· to 70% 
alcohol. The lens was removed, with the 12-
o'clock position marked on both the ante
rior and posterior parts of the lens sur
faces with small dots of india ink applied 
to the lens equator through the capsule . 

An encircling cut was made with a sharp 
razor blade just posterior to the lens equa
tor, and, with a soft brush, the epithelium 
and anterior capsule were carefully peeled 
from the cortex. This epithelial "peel" was 
positioned capsule side up on a piece of cel
lophane tape, and several radial cuts were 
made around the periphery so that. it could 
be· brushed flat. The peel was then trans
ferred directly to a clean glass slide and 
spread epithelial side up. This flat spread 
of the lens epithelium was dipped in bulk 
photographic emulsion according to 
Jofte's" method. Aft.er a month in dark
ness in an oxygen-free atmosphere having 
a relative humidity of less than 15%, the 
emulsion was· developed, the epithelium 
stained with Ehrlich hematoxylin, and the 
preparation mounted in synthetic mount
ing medium. Each pair of preparations, 
representing an irradiated eye and a nonir
radiat-ed control eye from the same animal, 
was then studied microscopically, and all 
mitotic figures and tritium-labelled cells. in 
the entire epithelium were counted, with a 
minimum of 15 silver grains constituting 
the criterion for a labelled cell. Mitotic 
figures and labelled cells were tallied sepa
rately. 

In addition, both eyes of 27 nonirra
diated control animals with normal lenses 
were injected with tritiated thymidine, 
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Fig 3.-Similar field from corresponding 
nonirradiated left lens epithelium from 
same animal as Fig 2 (hematoxylin-eosin, 
original magnification x 250). 

and flat spreads of the lens epithelium and 
capsule were made according to this proce
dure. 

In both the control and the experimental 
groups, peels in which epithelium was 
missing in the germinative zone owing to 
errors of technique or that were unusable 
for other reasons, such as bvbhlcs in the 
emulsion or folds in the spread, were dis
carded. In the control group, all counts in 
which the difference between right and left 
eyes varied by more than two standard de
viations from mean were discarded. In all, 
95 pairs of acceptable peels were studied, 
of which 74 were from experimental ani
mals and 21 were from controls. 

RESULTS 
Control Group 

None of the eyes in the 21 animals 
in this group were irradiated and 
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none had any visible lenticular 

changes when examined by slit lamp 

and by ophthalmoscope. Counts of the 

control group showed that there was 

no constant proportion of labelled 

cells to mitotic figures even within a 

. pair. For example, rabbit 6-36 had 49 

labelled cells and 10 mitotic figures 

OD, while there were 2 labelled cells 

and 59 mitotic figures OS; rabbit 6-40 

showed 234 labelled cells and 155 

mitotic figures OD, while 288 labelled 

cells and 82 mitotic figures were seen 

OS. For this reason we have used "to

tal counts'' that include both labelled 

cells and mitotic figures. 
Further analysis of the control 

counts showed that although the ac

tivity in the epithelium of the right 

and left lenses of any pair was about 

the same (of 21 cases, the greatest 

difference between right and left 

counts was 8.5%), the difference from 

one pair to another pair was consid

erable and made averaging all right 

epithelial and all left epithelial counts 

meaningless. For example, rabbit 5-

31 had a total OD count of 400 and an 

OS count of 411, a difference of 2.7%; 

rabbit 6-36 had a total OD count of 

only 59 and an OS count of 61, a dif

ference of 3.2%. We therefore chose to 

use the percent difference in the total 

counts of right and left epithelia (OS 

was considered as the standard). 

These could then be averaged, and 

the calcu1ated deviations were rea

sonable (See Table 1). 
I 

Experimental Group 

The findings in 74 experimental an

imals grouped according to post

irradiation interval are shown in 

Table 1, which presents a comparison 

of the differences in the number of 

lens epithelial cells undergoing either 

mitosis or DNA synthesis in the mi

crowave irradiated eyes and in the 

con trala teral. control eyes. 

Postirradiation Interval, 

6 to 24 Hours 

The eyes in the 16 animals in this 

group showed no lens changes on ei

ther ophthalmoscopic or slit-lamp ex

amination, but study of the epithelial 

spreads revealed substantial inhibi

tion of both mitotic activity and DNA 

synthesis in the irradiated eyes. For 
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Table 1.-Effect of Microwave Radiation on Mitosis and DNA Synthesis in 

the Lens Epithelium of Rabbits 

Post- Degree of Opacificalion 

irradiation No. of Average% 

Interval . Cases Minimal Moderate Maximal Difference• Resultt 

Controls 21 ... .. . . .. 5.6± 3 . .. 

Reaction of Lenses Without Vesicle Strings 

6 hr 5 .. . , ... . .. 91.4 ± 8 -

12 hr 4 ... ... . .. 87.5 ::!: 7 -
18 hr 3 ... . . . . .. 82.9± 7 -

24 hr 3 ... ... . . .. 81.6 ::!: 9 -

48 hr 5 3 2 ... 79.4 ::!: 6 -

3 to 4 days 12 6 6 ... 63.2 ± 15 -
5 days 7 ... 7 . .. 52.7±20 -

7 days 5 1 4 ... 47.2 ± 12 -

14 days 2 1 . .. 1 14.0 ±8 -

1 1 .. . ... 0 . .. 

1 1 ... . .. 20.7 + 

28 days 3 2 1 ... 28.9 ± 7 + 

2 ... 1 1 23.0± 4 -

Reaction of Lenses With Vesicle Strings 

3 days 2 ... 2 . .. 820.0 ::!: 102 + 

4 days 2 ... 2 . .. 3.2 ± .6 -
5 days 1 ... 1 . .. 4,060 + 

1 ... 1 . .. 3,620 + 

1 ... 1 . .. 1,020 + 

1 ... 1 . .. 1,090 + 

1 ... 1 . .. 315 + 

7 days 2 ... 1 1 36.0 ::!: 13 + 

1 ... 1 . .. 9 -

14 days 3 ... 2 1 51.8 ::!: 10 + 

1 ... 1 . .. 3.6 -

1 ... 1 . .. 70 -

28 days 2 ... 2 . .. 42.8 ::!: 8 + 

2 ... 2 . .. 15.5± 4 -

• Average percent difference between right and ·left eyes in total number of mitotic and 

DNA-synthesizing cells. 
t Plus(+) indicates 'total for right eye was greater than total for left eye; minus(-) indicates 

total for right eye was less than total for left eye. 

example, in one animal the lens epi

thelium of the irradiated eye had only 

17 mitotic or labelled nuclei compared 

to 650.in the nonirradiated eye (Fig 2 

and 3). The irradiated eyes averaged 

87.3% ± 5% fewer mitotic. figures or 

labelled cells than the nonirradiated 

ones. 

Postirradiation Interval, 
48 Hours 

The irradiated eyes of the four ani

mals in this group showed moderate 

lens changes. There were small, cir

cumscribed, · crescent-shaped opaci

ties, postequatorial granules, and pos

terior cortical banding."' This 

banding appeared in the posterior 

subcapsular cortex as concentric 

bands of greater optical density sepa

rated by clear zones. Sometimes there 

were one or two such bands parallel to 

the posterior capsular band. In other 

cases, three bands were evident, with 

the outer one not separated from the 

posterior capsular band. As in the 6-to 

24-hour group, the lens epithelium 

showed severe inhibition of both mi

tosis and DNA synthesis in the .irra

diated eyes. 

Postirradiation Interval, 

Three to Four Days 

By three to four days, the irra

diated lenses in this group of 16 ani

mals exhibited an extensive range of 

response. Minimal changes included 

posterior cortical banding and small 

aggregates of. granules, vesicles, or 

fibril!ar processes in the vicinity of or 

along the posterior suture; these 

changes could be observed only by slit 
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Fig 4.-ln vivo photograph of moderate 
opacity. Note vesicular patches at nasal 
and temporal ends of posterior suture and 
clouding in posterior part of cortex (origi
nal magnification x 10). 

-
.. --'· 

··,. 
Fig 5.-ln vivo photograph showing mod
erate opacity with supertemporal vesicle 
string. Note large vesicles (original magni
fication x 10). 

lamp. Circumscribed crescent-shaped 
opacities, usually at the ends of the 
posterior suture (Fig 4), and strings 
of large vesicles just posterior to the 

.I 
equator in the temporal quadrants 
(Fig 5) were categorized as moderate 
changes. A maximal response was 
considered to be a diffuse opacity in
volving either the entire posterior 
part of the cortex or at least a large 
part of it (Fig 6). 
. The data for experimental animals 
developing lenticular vesicle strings 
were treated separately because of 
the obvious difference in epithelial re
sponse compared to those lenses that 
did not develop vesicle strings. In the 
animals of this group with 5- and 14-
day postirradiation intervals, the 
variability of the percent differences 
of the counts was so great that aver
aging them as a group was mean
ingless. Therefore, they were 
recorded individually. 
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Fig 6.-ln vivo photograph showing exten
sive or maximal response that involves 
major portion of posterior part of cortex 
(original magnification x 10). 

Without Vesicle Strings.-The 
changes in the irradiated lenses var
ied from minimal to maximal. In each 
of these 12 cases, the total of labelled 
nuclei and mitoses counted in the ir~ 
radiated lens was appreciably lower 
than in the control . The average per
centage difference between OD and 
OS was 63.2% ± 15%. 

With Vesicle Strings.-In four ani
mals, strings of vesicles had devel
oped just posterior to the lens equa
tor. In two of these, the total count 
was much higher in the irradiated. 
lens. Average percentage difference 
was 820% ± 102%. In the other two, 
the total count was slightly less in the 
irradiated lens (the average differ
ence was 3.2% ± 0.6%). In three of 
these four cases, regardless of the to
tal count, most of the labelled cells 
were in the area of epithelium lying 
directly in front of the equatorial ves
icle strings. In the fourth case, there 
were too few cells labelled to effect 
any concentration. 

Postirradiation Interval, 
Five Days 

In this group of 12 animals, all of 
the irradiated lenses developed mod
erate opacities. 

Without Vesicle Strings.-In each of 
these seven cases, the total count of 
labelled cells and mitotic figures in 
the irradiated lens was lower than 
that of its control. The average dif
ference was 52.7%. 

With Vesicle Strings.-in these 
lenses from five animals, the count 
was considerably higher in the irra
diated eye than in the control eye. 

., 
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Fig 7.-Representative field of epithelium 
peripheral to germinative zone of right 
lens in animal killed five days after irradia
tion. Field is adjacent to vesicle string 
shown in Fig 5 and shows increase of cells 
and mitotic figures and irregular arrange
ment of cells (hematoxylin-eosin. original 
magnification x 250). 

The percentage differences varied so 
much from animal to animal that 
they have been reported individually 
(Table 1). Again, as in the three- to 
four-day group, the labelled nuclei 
and mitotic figures were concentrated 
in the epithelium of that region lying 
immediately anterior to equator adja
cent to the vesicle string: In this same 
region, instead of being organized 
in to radially arranged rows, the cells 
exhibited a random or irregular ar
rangement (Fig 7), a condition not 
apparent at three to four days post
irradiation. The mitotic activity 
seems to have been so accelerated 
that the cells were unable to enlarge 
or to align themselves normally . 

In the 26 experiments in which the 
postirradiation interval was from one 
to four weeks, radiation-induced lens 
changes varied from minimal to max
imal. 

Postirradiation Interval, 
One Week 

Without Vesicle Strings.-In these 
five animals, the total counts were 
lower in the irradiated lenses. The 
average percentage difference was 
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47.2% ± 12%. 
With Vesicle Strings.-Two of these 

three animals had a somewhat higher 
count in the irradiated lens. The aver
age percentage difference of lenses in 
these two animals was 36% ± 13%, 
while the remaining animal had a 
count 9% lower than the control lens. 
The wave of DNA synthesis and mi
tosis in the region of vesicle strings 
had subsided, and there was a lower 
concentration of labelled cells in that 
area. The cells approached normal 
size and were less randomly ar
ranged. 

Postlrradiation Interval, 
Two Weeks 

Without Vesicle Strings.-In two of 
these four animals, the number of la
belled cells was lower in the irra
diated lenses; the average percentage 
difference was 14% ± 8%. In one, the 
total count was essentially equal (398 
OD and 399 OS) and in the other ani
mal was 20.7% higher in the irra
diated lens. 

With Vesicle Strings.-The tally in 
this group of five animals showed 
three with counts higher in the irra
diated lens, one with an essentially 
equal count (difference was 3.6%} and 
another with an extremely low count 
in the irradiated lens (difference was 
70.6%). Because of the variability of 
the percent differences, these were re
ported individually (see Table 1). 

By two weeks postirradiation, 1the 
cells in all lenses with vesicles were 
arranged normally in meridional 
rows and only a slight concentration 
of labelled cells was observed in the 
vesicle string area. 

Postirradiation Intervals, 
Four Weeks 

Without Vesicle Strings.-Of the five 
animals in this group, three had 
counts higher in the irradiated lens 
(average percentage difference was 
28.9% ± 7%) while the other two ani
mals had counts lower in the irra
diated lens (average percentage dif
ference was 22.9% ± 4%). 

With Vesicle Strings.-Two of these 
four animals had higher counts in the 
irradiated lens (average percentage 
difference was 42.8% ± 8%) and the 
ot~er two had counts slightly lower in 
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Fig 8.-Average ratios of right eye total counts to left eye total counts at postirradiation 

intervals varying from s_ix hours to one month. 

the irradiated lenses (average per
centage difference was 15.5% ± 4%). 
Four weeks after irradiation, regard
less of whether or not vesicle strings 
were present, no concentration of la
belled cells in any one area was evi
dent. 

Treatment of Data 

The lens epithelial cells that were 
synthesizing DNA or were under
going mitosis were counted in both 
eyes of the control and the experi
mental animals. These data were 
treated· in two ways in order to cor
relate them. 

1. The average ratio of right eye 
counts to left eye counts was calcu
lated with the left eye considered as 
one. In the control group this average 
ratio was 1.01:1, with a range of 0.9 to 
1.1. The ratios obtained similarly for 
the irradiated animals were com
pared graphically with those of the 
controls in Fig 8 where it can be seen 
that the average ratios of right eye 
counts to left eye counts varied ac
cording to the postirradiation inter
vals and also according to whether or 
not vesicle strings had developed in 
the lens. 

2. Considering that the variation 
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for any pair was positive when the to
tal count for the right eye was higher 
than that for the left and negative 
when the converse was obtained, the 
probable distribution of positive and 
negative pairs was calculated for each 
experimental group. If the microwave 
radiation had no effect, then an equal 
distribution should be expected. The 
results are presented in Table 2. 

COMMENT 

The earliest effect of microwave 
radiation on the lens epithelium was 
inhibition of mitosis and DNA syn
thesis during the 6 to 24 hour interval 
after irradiation. This result is sim
iiar to that following ionizing radia
tion. Forty-eight hours after irradia
tion, the lens epithelium showed some 
recovery, with DNA synthesis and 
mitotic activity averaging a_bout 25% 
of the control. At this time the first 
moderate changes in the lens were 
observed in the form of granular ag
gregates in the posterior part of the 
cortex near the equator; they could be 
seen with an ophthalmoscope through 
a widely dilated pupil. This type of 
opacity was quite different from the 
vesicular equatorial strings that oc
curred in the temporal quadrants in 
some cases and that might be seen af
ter three days. The equatorial gran
ules seemed to represent an early 
stage of damage in this area; if fol
lowed up for a while, they could be 
seen either to develop into the vesicu
lar type of opacity or to disappear. 

At three and four days following ir-/ 
radiation, the lens changes were 
much ·more extensive, with vesicular
type equatorial changes appearing 
for the first time. As is evident in 
Figure 8, mitosis and DNA synthesis 
rose sharply, increasing even more on 
the fifth day postirradiation. This ac
tivity was apparently correlated with 
the presence of equatorial vesicles 
(Fig 8), since there was a steep rise 
in the ratio of total counts of OD 
to OS in eyes with vesicular strings 
and a gradual rise in eyes without 
this type of change. The labelled cells 
accounted for most of the rise in the 

· . eyes with vesicular strings, and, in
terestingly enough, they were con
centrated in the germinal zone of the 
epithelium in that quadrant of the 
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Table 2.-Probability of Occurrence of Observed Results 

Post-
Irradiation No. of 

Interval Cases OD Higher OD Lower Probability, % 

Without Vesicle Strings 
Controls .21 11 

6 lo 48 hr 20 ... 
3 to 4 days 12 ... 

~ 5 days ' ... 
7 days 5 ... 
14 days 4 

28 days 5 

With Vesicle Strings 
3 to 4 days 4 

5 days 5 

7 days 3 
14 days 5 

28 days 4 

lens in which the vesicular string 
developed. 

One week after irradiation, the ra
tios of total counts in lenses with ve
sicular strings rapidly decreased to 
the level of the control series. Since 
there were only three such animals, 
this precipitous drop may have been_ 
atypical. The ratios in lenses without 
vesicular strings were still depressed, 
but were slowly increasing and ap
proaching normal (Fig 8). 

2 

3 

2 

5 

2 

3 
2 

At two weeks, the ratio of OD to 
OS counts in eyes with equatorial ves
icles was greater than that of the con
trol series. There were five animals in 
this group, so that the average ra
tio may be more truly representative 
of the extent of DNA synthesis and 
mitotic activity in the irradiated epi
thelium. There was also an increase in 
both types of activity in the eyes 
without equatorial vesicles that ap
proached conditions in the control 
series. By one month postirradiation, 
the activity in all of the irradiated 
lenses exceeded that of the controls · 
by approximately 50%. 

These observations are supported 
by calculations of the probability of 
obt:iining the results reported here. If 
microwave radiation had no effect on 
the activity of the lens epithelium, 
then the probability of obtaining a 
distribution in which the right eyes 
would have a count higher or lower 
than the left would be 50% (Table 2). 
This was the case in the nonirra
diated control series, in which the cal
culation from the data was 49%. But 

10 49 

20 0.00009 

12 0.024 

7 0.78 

5 3.13 

2 50 

2 31 

2 50 

... 3:13 

1 17 

2 31 

2 50 

when the distributions were calcu
lated from the data obtained from the 
experimental groups, the results were 
so far from 50% that the disparity 
must be attributed to the effect<.• the 
radiation. The probability of the lis
tribution obtained in the 6 to 48 hour 
group was .00009%, indicating that 
the radiation must have caused the 
inhibition of mitotic activity. 

Beginning with the three to four 
day period, it was necessary for 
proper consideration of the experi
mental data to divide the experimen
tal animals into two groups: those 
without vesicle strings and those with 
vesicle strings. In those lenses with
out vesicle strings at postirradiation 
intervals of three to seven days, the 
pair distribution is significantly dif
ferent from that of the controls. As 
the postirradiation interval length
ens, the pair distribution approaches 
that of the controls. As repair is com
pleted and conditions in the lens epi
thelium return to normal, one would 
expect the average ratios (Fig 8) and 
the calculated probabilities (Table 2) 
to drop to that of the control series, as 
they did. The fact that repair had 
been largely completed is further 
suggested by the observation that the 
opacities at one month were well 
stabilized and showed no further 
progress. 

Characteristically, the irradiated 
lenses showed an initial pronounced 
suppression of _both DNA synthesis 
and mitosis. This gradually dimin
ished during the ensuing two weeks, 
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by which time these activities had 
recovered, and by one month post
irradiation they were procee_ding at a 
slightly accelerated rate. This se
quence of events closely parallels 
those observed in the lens epithelium 

after exposure of the eye to ionizing 
radiation. 11

·
12 

In 21 of the irradiated. eyes, how
ever, there was superimposed on the 
usual course of recovery a precipitous 
rise in DNA synthesis occurring on 
the fourth to fifth day after irradia
tion. In these· 21 irradiated lenses, 
equatorial vesicle strings had begun 
to develop in the super.temporal quad
rant on the third day postirradiation. 
The accompanying sharp rise in DNA 
synthesis is similar to that observed 
in galactose-fed rats, where hydra
tion of the lens occurs in the form of 
equatorial vesicles .. 

In the microwave-irradiated lenses 
in which equatorial vesicles were 
formed, the increase in DNA syn
thesis and mitosis was localized in the 
quadrant where the vesicles were 
found. It may be conjectured that 
these large vesicles represented hy
dration of the lens and acted as a 
stimulus to cause the overlying epi
thelial cells to proliferate at an accel-
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erated rate. 
Kinoshita and Merola"; have shown 

that after two days of galactose feed
ing, there is an increase of 50% in the 
water content of the lens. Grimes and· 

von Sallmann" reported that as early 
as 12 hours after galactose feeding 
begins, a severe swelling of the lens is 
evident. This reaches a maximum at 
four days and does not increase fur
ther up to 14 days (the termination of 
their experiment). They further re
port that the hydration of the lens is 
paralleled in the epithelium by a 
wave of increased mitotic activity 
that is rapid in onset, reaches a peak· 

at four days, and subsides within 
seven days. They suggest that the 
sudden volume increase in the lens 
with the resulting expansion of the 
surface area to be covered by the epi
thelium stimulates cell division. 

Ultrastructural studies of galactose 
cataracts made by Kuwahara et al" 
strongly support the concept that os
motic disturbances play an important 
role in causing this type of cataract. 
Three days after beginning galactose 
feeding, opacities occurred in the 
equatorial region of the lens. Electron 
micrographs of lenses at this stage 
showed cellular edema and intracellu-
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extracellular cysts in the nuclear bow 
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lens. 

It may be, as Grimes and von Sall
mann• suggest in the case of galac
tose cataracts, that the lens swelling 

and epithelial proliferation are co
incidental effects of the metabolic 
changes occurring in the presence of . 

galactose, for they have reported that 
in alloxan-fed rats, lenses show a sim
ilar though less severe wave of mitot
ic activity that is not related to any 
detectable enlargement of the lens.6 

It is apparent that microwave ra
diation affects the lens epithelium in 
the rabbit eye. In those irradiated 
lenses uncomplicated by the develop
ment of equatorial vesicles, the epi
thelium follows a course similar to 
that observed after exposure to ioniz
ing radiation. In those lenses that de
velop equatorial vesicles, the effect on 
the lens epithelium closely parallels 
that observed after galactose feeding 
in rats. This local increased activity 
of the lens epithelium may be the re
sult of hydration. 
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