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ABSTRACT

The effect of /3-particles on Na+ and k+ content, Na+ - k+ ATPase and histopatho-

logical changes of cell membrane were studied in the present work. One of the two eyes

of New Zealand rabbits from both sexes were irradiated with ,9-particles from Sr80 source

to 10, 20, 40 and 60 Gy. The effect of /3-particles on lens membrane after 3 months of

exposure to 20 and 60 Gy was also studied.

The results indicated that the treated and untreated eyes suffered pronounced injuries

which deduced from the destruction of ATPase in comparison with the normal control

which showed a decrease (reached 52%), As well as uncontrolled transport of the Na+

and k+ through the membrane and injuries appeared in the histopathological studies.
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The primary radiation damage in the pathogenesis of

radiation cataract seems to be direct damage to the cells of the

equatorial epithelium (Von Sallmann, 1951). The inhibition of

mitosis and the destruction of radiosensitive actively proliferating

cells in the pre-equatorial zone of the epithelium temporarily

interrupt and interfere with the orderly progression of differentiation

and deposition of lens fibers. (Hanna and O'Brien, 1963). It was

reported that a change in the cation balance initiates the process of

lens opacification (Van Heyningen, 1972), A decrease in Na - k

ATPase activity has been reported to be an integral factor during

cataract formation.

In this work we attempted to detect quantitative changes in the

Na - k ATPase which would be accompanied by exposure to

different doses of p-particles( 10-60 Gy). For this reason, Na+and k+

content and histopathological examinations for the lens membrane

were studied .

2- M'ETHODS :•

The right eyes of 3 months New Zealand rabbits were exposed

to (J-particles from a Sr applicator (type SIA 20) in the dose range of

10-60 Gy in weekly sittings of 10 Gy each. After exposure, the rabbits

were decapitated and both the right and left eyes were immediately

enucleated. The lenses were carefully separated and their capsule

were removed. The lenses were homogenized bi-distilled water and

centrifuged at 16,000 r.p.m. for 20 minutes and the supernatant was

separated.

Na and k were determined in the lens by the flame

photometry technique as described by Eart and Wootton, 1964. The

lens membrane and lens cortex were weighed in separate tubes, then

homogenized in extraction medium (0.32 M sucrose, 1 mM EDTA and

0.15% Deoxycholic acid). The activities of Na+and k+ ATPase were

determined by the method of Shwartz et al., 1962. The inorganic

phosphate released by ATPase during the incubation period was

estimated by the method of Bowler and Tirri (1974) .

For histological preparation, the animals were sacrified, then

the eyes were enucleated and cut by sagital section in the sclera to

open the posterior chamber. The crystallin lens was gently separated

and fixed in 10% formalin for 24 hours. Decalcification was carried

out in ethylene diamine tetra acetic acid (EDTA), then the lens was

cut into two halves through the equator, washed with water and

dehydrated in a graded series of ethyl alcohol (70%, 90% and 96%) for

24 hours each. Dehydration was completed in absolute alcohol, three

changes one hour each.

After dehydration, the lens was cleared in 1% celloidin methyl

benzoate for 12-24 hours. This was followed by treatment with two

changes of benzene, half an hour each.



Impregnation was carried out in paraplast (M.P. 56 C) for few

hours in an oven at 56 C. It was changed 2-3 times, half an hour

each. The lens was then transferred to melted paraplast for 2-3

hours, then poured into a mould with the cut surface of the lens

down.

Serial meridional sections of 6|i thickness were obtained and

stained with haematoxylin and eosin. The sections were examined

and photographed by olympus microscope manufactured in Tokyo,

Japan.

3- XESIAUIS:

A- The Effect Of P-Particles On The Sodium And Potassium
Content Of The Eye Lens:-

In this experiment sodium (Na ) and potassium (K )

concentration in the lens were measured following the technique

previously described. Tables (1) and (2) show the level of (Na+) and

(K ) in lenses of normal, treated (right eyes) and untreated (left eyes).

The values are expressed as mg/100 gm wet wt.

The results indicate that the (Na ) concentration in the lens

progressively increased with the increase of the irradiation dose for

both treated and untreated eyes. Moreover, the increase in the Na*

concentration propagated even after 3 months post irradiation

(delayed effects) which give the feeling that the process of damage

causing this ionic increase is permanent. The increase of the Na

concentration are higher in the lenses of the untreated eyes than the

treated ones.

On the other hand, the results revealed that (K ) concentration

of the lens progressively decreased with the increase of the

irradiation doses for both treated and untreated eyes.

Moreover.K concentration continued to decrease in the lenses of both

treated and untreated eyes, three months post exposure.

Table (1):- Effect of ^-Particles with different doses on the
sodium level of the rabbit lenses.

Doae
(Gy)

Normal for
10,20 Gy
10 Gy
20 Gy
Normal for
40,60 Gy
40 Gy
60 Gy
Normal for
20 Gy"Delay"
20 Gy"Delay"
Normal for
60Gy"Delay"
60 Gy"Delay"

Treated (Right eyes)
MeanlS.D.

61.25642.328

63.02414.023
75.68St3.648
61.13613.514

99.751i2.461
153.U5±4.239
60.334±3.157

105.58113.981
59.51fti2.815

148.79714.289

P Value

N.S.
<0.01

< 0.001
< 0.001

< 0.001

< 0.001

%
differen

ce

+ 2.91%
+ 23.56%

+ 63.16%
+ 150.45*

+ 74.99%

+ 149.99%

Untreated (Left eyes)
MeanlS.D.

61.25612.328

66.32313.174
87.10614.375
6L13613.514

121.21513.158
160.75114.982
60.33413.157

135.74713.229
59.51912.815

163.67714.046

P
Value

N.S.
< 0.001

< o.oo i

< 0.001

< 0.001

< 0.001

differen
ce

+ 8.27%
+ 42.19%

+ 98.27%
+ 162.94

+ 124.99%

+ 174.93%
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Table (2): Effect of p-Particles with different doses on the
potassium level of the rabbit lenses.

Dos <Gy)

Normal for
in OA flu
lVfZv Uy
10 Gy
80 Gy
Normal for
40,60 Gy
40 Gy
60 Gy
Normal for
20 Gy "Delay"
20 Gy "Delay"
Normal for
60Gy"Delay"
60 Gy"Delay"

Treatec
MeaniS.D.

429.693±3.227

419.76715.647
386.815±6.134
432.13514.653

345.728±5.947
187.23413.846
408.691±5.601

305.240±5.85
411.15014.135

159.929±2.957

(Riftht
P

Value

N.S.
< 0.001

< 0.001
< 0.001

< 0.001

< 0.001

eyes)
%

dif ference

-2.31%
-10.21%

-19.99%
- 56.67%

- 25.31%

-61.10%

Untreated (Left
MeaniS.D.

429.69314.621

408.45ftt5.153
328.244±3.919
432.13514.882

323.07545.016
174.92913.218
408.691±4577

285.5O7±3.453
411.15045.172

152.694t2.625

P
Value

N.S.
< 0.001

< 0.001
< 0.001

< 0.001

< 0.001

eyes)
*

difference

-4.94%
-23.61%

-25.24%
- 59.52%

-30.14%

- 62.86%

B- Na -K ATPase Activity In Lens Membrane And Lens Cortex

The activity of Na - K ATPase in both lens membrane and lens

cortex are measured for control, treated (right eyes) and untreated (left

eyes), as well as delayed effects. The results are given in table (3) where the

mean values of the measurements are given with the statistical

evaluations. The level of the enzyme in the normal lens membrane is

ranging from 50.76±8.33 to 45.66±8.21 uMP/hr/gm wet wt, (Micro-mole

inorganic phosphate per hour per gram wet weight). A significant drop

in the activity of this enzyme was observed from the exposure to 40 Gy P-

particles.

Since Neville et al., (1978) have shown that significant Na+-

K ATPase activity is present in the lens cortex as well in the lens

epithelium, so, the effect of (3-particles on this enzyme in the lens cortex

was also studied.

The results indicate remarkable and progressive decrease of the

ATPase activity with the increase of irradiation dose for both treated and

untreated eyes (table 4). The loss of the activity of the enzyme are higher

for the untreated eyes than the treated ones. After 3 months of exposure to

(J-particles, the activity of the enzyme still significantly decreases than the

normal level.

Table (3):- Effect of p-Particles with different doses on the
Na*-K*ATPase activity in the lens membrane
(u MPj/hr/gm wet wt.).

Dos (Gy)

Normal for
10,20 Gy
10 Gy
20 Gy
Normal for

40 Gy

60 Gy
Normal for
20 Gy"Delay"
20 Gy "Delay"
Normal for
60Gy"Delay"
60 Gy"Delay"

Treated (Rig
MeanlS.D.

50.76±8.33

48.06±7.26
44.41±5.30
50.44±7.25

34.46±5.56

31.12±4.46
47.67±7.92

36.23±5.71
45.66±8.21

23.63±4.03

P
Value

N.S.
N.S.

<0.01

< 0.001

<0.05

< 0.001

ht eyes)
%

difference

• 5.32%
-12.51%

-31.68%

-38.30%

- 23.99%

- 48.23%

Untreated (Left eyes)
MeaniS.D.

50.76±8.33

47.13±8.16
40.51±6.85
50.4417.25

36.7714.97

24.0814.29
47.6717.92

34.7415.26
45.6618.21

21.27±3.49

P
Value

N.S.
N.S.

<0.01

< 0.001

<0.05

< 0.001

%
differen

ce

- 7.15%
• 20.19%

-27.10%

- 52.26%

-27.12%

- 53.42%



Table (4): Effect of p-Partides with different doses on the
Na^K+ATPase activity in the lens cortex
(ji MPj/hr/gm wet wt,).

Dose
(Gy)

Normal for
10,20 Gy
10 Gy
20 Gy
Normal for
40,60 Gy
40 Gy
60 Gy
Normal for
20Gy"Delay'
20Gy'Delay'
Normal for
60Gy"Delay'
60Gy"Delay'

Treated (Ri«
Mean
±S.D.

2.9510.25

2.8010.2
2.65±0.28
2.92±0.32

2.06±0.16
0.93±0.09
2.56±0.29

2.1310.22
2.5310.30

1.0310.09

P
Value

N.S.
N.S.

<0.01
< 0.001

<0.05

< 0.001

ht eyes)
%

difference

-5.08%
-10.17%

- 29.45%
-68.15%

-16.80%

- 59.29%

Untreated (Left eyes)
Mean
±S.D.

2.95dO.25

2.83±0.33
2.33i3.04
2.92±0.32

1.83±0.21
0.85±0.07
2.56±0.29

1.62±0.12
2.53±0.30

0.96±0.06

P
Value

N.S.
N.S.

< 0.001
< 0.001

< 0.001

< 0.001

%
difference

- 4.07%
- 21.02%

- 37.33%
- 70.89%

- 36.72%

- 62.06%

C- Histopathological Studies Of Lens Membrane :•

Normal lens :•

The lens is an elastic biconvex structure which although

transparent and apparently amorphous, is almost entirely composed of

living cells. Microscopical examination of the lens of a control rabbit

shows that the lens is enveloped by a thick basement membrane forming

the lens capsule which appears as quite homogenous is thicker anteriorly

than posteriorly.

Underneath the capsule there is a single layer of cuboidal

epithelim which retain their nuclei and covering the lens substance

which consists of 2-3 thousand of anucleate fibers each stretching

between the anterior and posterior poles of the lens. The fibers

contain a crystallin protein, the cell membranes of adjacent fibers are

fused leaving little intervening extracellular substance. They appear

as anuclear elongated cells packed together with normal

intercellular clefts (Figure 1).

Irradiated lenses :-

In animals exposed to 10 Gy P-particles, both treated lenses

(right eyes) and untreated lenses (left eyes) revealed no Histological

changes.

Figures 2-7 showed the changes occurred to lens membrane

after exposure to 20, 40 and 60 Gy respectively . Figures 8-11 showed

the changes after 3 months of exposure to 20 Gy and 60 Gy p-particles

respectively.

4-'DISCUSSIO9i:

The results of this study show that the Na -K ATPase activity

in the rabbit lens membrane is ranging from 45.66±8.21-50.76±8.33

uMp|/hr/gm wet wt. which agrees with that previously found by

Hamilton et al, (1979) . The range of activity of the enzyme in the



NORMAL

20 GY. TREATED

Figure (1): Normal lens showing lens capsule, lens epithelium
and lens fiber (II & E x 1250) Figure (2): The lenses (right eyes) showed normal thickeness of

the lens capsule. The lens epithelium and the lens
fibers showed no histopathological changes
(H & E x 1250).
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20 GY. UNTREATED

Figure (3): The lenses (left eyes), showed moderate thickening of
the lens capsule. The epithelium showed vacuolation
in the cytoplasm of some cells (H & E x 1250).

12

40 GY .TREATED

Figure (4): The treated lens show vacuolation of the cytoplasm
with elongation of muclei (II & E x 1250).
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40 GY. UNTREATED

Figure (5): The lens show thickening of the capsule, vacuolar
degeneration of the cytoplasm of lens epithelium
(H & E x 1250).

r,i.,jta> «*>••#«• n

60 GY. TREATED

Figure (6): The lenses (right eyes) showed thickening of lens
capsule with degeneration of the lens epithelium
(H & E x 1250).
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60 Gy .UNTREATED

Figure (7): The lenses Qeft eyes) showed thickening of the lens
capsule, degeneration of the epithelium in the form
of vacuoles and remnants of nuclei (H&Ex 1250).

16

20 GY .TREATED (DELAY)

Figure (8): The lenses (right eyes) showed severe vacuolation in
the cytoplasm of the lens epithelium (H&Exl 250).

17
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20 Gy. UNTREATED (DELAY)
60 GY. TREATED (DELAY)

Figure (9): The lenses (left eyes) showed thickening of the lens
capsule, degeneration of the lens epithelium in the
form of vacuoles and remnants of nuclei
(H & E x 1250). Figure (10): The lenses (right eyes) showed thickening of the lens

capsule, and vacuolar degeneration of the cytoplasm
of the lens epithelium with starting degeneration of
nuclei in the form of karyolysis (H&Ex 1250).

19



60 Gy .UNTREATED (DELAY)

Figure (11): The lenses (right eyes) showed thickening of the
lens capsule and complete degeneration of the lens
epithelium (H & E x 1250).

20

normal lens cortex (2.53±0.30-2.95±0.25 uMp/hr/gm wet wt.) is in

agreement with that found by Hamilton et al., (1979) and Paterson et

al., (1983) . The sodium level and the potassium level in the normal

rabbit lens is in concordance with that found by Harris and Gehrsitz

(1951) and Heinrichs and Harris (1957) .

To analyse the data measured for the lens membrane and
90

crystallins after the exposure to p-particles from Sr , one may layout

some basis of the speculated radiation damage mechanisms of p-

particles to biological systems.

When highly energetic p-particles pass through biological

material, electrons transfer part of their energies to the surrounding

molecules of the medium along their pass way through collision and

ionization process leading to the formation of highly energetic species

and free radicals along their trails. The amount of energy

transferred "E" per unit distance "x" — (linear energy transfer)

is inversely proportional to "E" i.e. the electrons will lose most of their

energies at the end of their trails and y-rays will be emitted with

maximum energy equals to the incident electron energy

(bremsstrahlung effect). These emitted gamma rays will penetrate

other tissues (rather than treat one with the p-particles) causing

further damages to the macromolecules through ionization

processes. These highly energetic ionized species will recombine with

21



the adjacent macromolecules and/or may be folded causing changes

in the molecular weight shapes and characterizations.

On these bases of speculated reactions that may occur as a

result of the highly energetic electron interactions within biological

system, one may find out an understanding for the present data.

The variation of the percentage decrease of the Na -

K*ATPase content in the lens membrane and cortex are shown in

figures (12) and (13) respectively. It is clear from the figures that the

activity of the enzyme suffered progressive decrease with the increase

of the radiation dose. This result is important since the Na •

K+ATPase plays a major role on the ionic transport through cell

membranes. The decrease of this enzymatic activity in the membrane

as a result of irradiation may be due to either the direct damages

occurred to the enzyme itself by radiation and/or the damage to the

lens membrane thus occurred due to irradiation which will release

the enzyme to the surrounding medium. This reasoning is supported

by the delay study of this enzymatic activity which proved no recovery

to the injured areas .

Figures (14) and (15) illustrate the percentage increase of the

Na+ concentration and percentage decrease of the K+concentration in

lenses of treated and untreated eyes. The results indicate the

progressive increase of the Na+concentration in the lens which was

22
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content after the exposure to different
doses of Beta-partioles .

about 170% for the untreated eye (left eye) the untreated eye (left eye)

with the maximum dose demonstrated.

On the other hand, the percentage loss of K concentration in

the lens was smaller than for Na+ which does not exceed 60% loss

compared with control. These changes in the Na+ and

K concentration are mainly due to the decrease in Na -K ATPase

activity and the damages of the membrane itself. The damage in the

membrane may permit the Na (smaller in volume) to pass easier in

the pore thus formed due to radiation than the larger in volume (K ) .

Van Heyningen (1972 a,b) concluded that damaging of the lens

membrane allows the influx of sodium and osmotic imbibition of

water. Also, the increased membrane permeability and inactivation

of active transport processes cause loss of potassium, glutathione and

soluble protein.

The damage occurred to the lens membrane is supported by

the histopathological studies which indicate that at higher doses

there is a thickening of the lens capsule and vascular degeneration of

cytoplasm of the lens epithelium .
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