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EFFECT OF A PULSED MAGNETIC FIELD ON PERMEABILITY OF THE CORNEA
AND SORPTION PROPERTIES OF THE TISSUE STRUCTURES AND REFRACTIVE
MEDIA OF THE EYE

A. V. Skrinnik UDC 612.841.1.014.462.1.014.426+615.849.11.
015.4:612.841.1,014.462.1
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One of the special features distinguishing the action of magnetic fields (MF) on bio-
logical objects is their ability to change the permeability of biological barriers and cell
membranes [1, 3, 6]. The study of the effect of MF on permeability of the tissue structures
of the organ of vision is of great interest.

Motivation for the present investigation was provided by the results of electron-micro-
scopic and radiologic investigations, which yielded indirect evidence in support of increased
permeability of the cornea under the influence of a pulsed MF [4, 5]. The writer has attempted
to obtain direct proof of increased permeability of the cornea and enhanced sorption proper-
ties of the tissue structures and refractive media of the eye under the influence of a pulsed
MF, which may be of great importance to clincial ophthalamology.

EXPERIMENTAL METHOD

Experiments were carried out on four groups of rabbits (57 animals, 114 eyes), two of
which were experimental and two control. 1In the course of the investigation the method of
radiocactive indication of two substances (®°S-streptomycin and ’®Se-methionine), widely used
in ophthalmologic practice, was used. The working solution of the preparations (2 ml), with
radioactivity of 300,00 cpm in 0.1 ml, was poured into a lid-retracting bath which, after
preliminary local anesthesia, was introduced beneath the animal's eyelids. The system thus
formed {the eye with the lid-retracting bath and the radioactive substance poured into it)
in the experimental series was exposed for 10 min to the action of a pulsed MF. 1In the control
only the radioactive substances were applied, with the same exposure as in the corresponding
experiment. A pulsed MF (pulse duration 0.02 sec) with maximal magnetic flux density in the
pulse of 8.5 mT was used, as having the greatest effect on permeability of the cornea in ex-
periments in vitro [4].

Changes in permeability of the cornea were assessed on the basis of changes in radio-
activity of the aqueous humor. To determine the time of maximal saturation of the aqueous
with radioactive substance, samples of aqueous humor were collected immediately after ex-
posure to MF, and 5, 15, and 50 min later.
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TABLE 1.

Changes in Radioactivity *°S-

Streptomycin and ’®Se~Methionine in Aque-
ous Humor after Exposure to Pulsed MF

TABLE 2.

Changes in Radioactivity of

Tissues and Refractive Media of the Eye
and Peripheral Blood after Exposure of

M+ m) thé Eye to Pulsed MF (M t m)
Time of 355-streptomycin | "Se=methionine Radioactivity of ™Se-
observation Re?ative o Re_l;ative " Test substance methionine
units units Relative units| %
Immediately after | 0,07540,006| 7o , | 0,151£0,009) o, o 0,54-+0,08 )
exposure 004250004 |0,124x0,011| " Cornea dgos00s | 48
- 0,040+0,004 0,1854:0,010| g ¢, 0310003
oM 21,2 o1 22,6% 310,
5 min later 0.033+.0,004 015900012 A gueous humor B530005 72,3
. 0,052:£0,006| 15,5 | 0,654:£0,017| , - o 016-0.01
it bbbk ) 1 kb 18,7
15 min later 0,045:£.0,008| 155 | 0,62520,021 s 0190002 *
. 0,115--0,010 1,101-0,050 0,1740,03 ,
50 min later (ot i phAotiisttd e 1710, 30,7%
o.1lixooie] »° | 680,070 0 Lens oaoor | o7
Legend. Here and in Table 2: numerator Vitreous body 0,06::0,003] 99
gives radioactivity of aqueous in experi- 0,050,004
ment, denominator gives same in the con- Retina and vascular membrane ggifg%% 33,5
trol; *P < 0.05 compared with correspond- 0b4;;6010 _
ing value in control, taken as 100. Peripheral blood 3 051.L0.001 123,3*

To study the effect of MF on the sorption properties of the media and tissues of the eye,
besides the aqueous humor, the lens vitreous body, cornea, iris, and also the retina and its
vascular membrane taken together (because of the impossibility of separating them), were inves-
tigated. As a control of elimination of the radioactive substance from the eye into the
blood stream, the blood also was investigated.

After the appropriate time the substrates for study were removed, dried in an incubator,
and used in the form of dry weighed samples for measurement of their radicactivity. The
values of radiocactivity obtained (in cpm) were calculated per mean weight of test substrates,
and the content of radioactive substance was determined in per cent. The numerical results
were subjected to statistical analysis.

EXPERIMENTAL RESULTS

Under the influence of the pulsed MF the permeability of the cornea was found to increase
appreciably (Table 1),

It will be clear from Table 1 that the concentration of 35S—streptomycin in the aqueous
humor of the animals immediately after exposure to MF was significantly higher than in the
control (P < 0.001). At subsequent times of observation, the level of radiocactivity of the
aqueous humor in the experiment also was higher than in the control, but the difference was
not significant.

Analysis of permeability of the cornea for “®Se-methionine also showed increased pene-
tration of radiocactivity into the aqueous. A significant increase in the ’>Se-methionine
concentration was observed not only immediately after exposure to MF, but also 5 min later.
The results are evidence of the greater penetrating power of ‘3Se-methionine, and it was this
which determined the choice of indicator for subsequent investigations (Table 2).

It will be clear from Table 2 that the pulsed MF had a marked effect on the sorption pro-
peties of the tissue structures and refractive media of the eye. For instance, 50 min after
exposure a significant decrease in the concentration of the radiocactive substance in the
cornea and aqueous humor was observed compared with the control. The decrease in its concentration
in the iris was not significant. Meanwhile, in the other tissues and media studied, the
7®Se-methionine concentration was increased, especially in the lens, the retina, and the
vascular membrane, and a smaller but significant increase was observed in the vitreous body.

Toward the end of the experiment a marked increase in radioactivity of the peripheral
blood (by 123.3%) took place compared with the control.

The results thus indicate a marked influence of the pulsed MF on permeability of the
cornea, which was particularly pronounced immediately after exposure and in the early period
of observation. Under the influence of the pulsed MF the sorption properties of the lens,
retina, and vascular membrane were enhanced. During exposure of the eye to MF, with a mag-
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netic flux density in the pulse of 9.5 mT, permeability of the structures of the cornea and
their metabolic activity were increased, and this was accompanied by increased penetration

of the radiocactive substance into the eye. This effect, and also the immediate effect of MF
on the structures tested, can explain the greater accumulation of radioactive lebel-in the
lens, vitreous body, retina, and vascular membrane of the eye. "The decrease in the concentra-
tion of radioactive substance in the cornea and aqueous humor taking place immediately after-
ward was evidently due to the effect of MF on the drainage system of the eye and on the blood-
eye barrier. Evidence in support of this conclusion is given by results showing a marked in-
crease in concentration of the radioactive substance in the peripheral blood of animals whose
eyes were exposed to MF, and also by the results of investigations by other workers [2].

It must be emphasized that the pulsed MF, under the conditions of exposure which were
used, ruling out any possibilityof injury to the cornea, can be used in clinical practice in
order to increase the concentration of thereaputic substances in the tissues of the eye and
to enhance their therapeutic action.
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The problem of removal of 23%py, deposited in the organs, still remains unsolved. We

know that the complexone calcium~trisodium salt of diethylene-triaminepenta-acetic acid (DTPA),
or pentacin, which is used to eliminate some radionuclides and toxic metals from the body,
passes with difficulty through cell membranes and is ineffective in eliminating *°°Pu from
cells [1, 9]. Meanwhile, when the complexone is used encapsulated in liposomes, it can enter
the cells of organs in which the radionuclide is deposited much more readily, and the effec-
tiveness of the compound as a means of eliminating *°°Pu from the liver and skeleton is en-
hanced [2-4, 7, 8]. To discover the principles governing the action of the compound and its
rational usage, it is necessary to know how the action of the lysosomal form of pentacin {Lp}
depends on dose. This problem has not been studied in detail as regards the liposomal form
both of complexones and of other thereapeutic substances.

The aim of this investigation was to study the effectiveness of LP as a means of elimi-
nating monomeric 2°°Pu from the liver and skeleton and to determine how the effect depends on
dose and the concentration of the complexone in the liposomes.
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