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M the specia l ized  l i terature deal ing with the b io logica l  action of ultrasound there are no definite indications 
that the permeabi l i ty  of the b lood-eye  barrier or of the eye tissues alters underthe influence of tolerable intensities 
of ultrasound. Only three communicat ions touch on this problem [1, 2, 4], though the authors used an evidently dam-  

aging intensity of ultrasound which cannot be appl ied  in pract ice .  

The aim of the present investigation has been to study changes in the permeabi l i ty  of the b lood-eye  barrier 
and of the sorptive properties of eye tissues after irradiation of the eye with to lerable  intensities of ultrasound; the 

results may be of s ignif icance in connection with ultrasound therapy in c l in ica l  ophthalmology. 

E X P E R I M E N T A L  M E T H O D  

The experiments were carried out on 55 rabbits of a single strain, of approximately  the same age and weight, 
and kept under s imilar  conditions. In the exper imenta l  groups the left eye was irradiated with ultrasound at 800 kc 
and of intensity 0 . 4W/cm 2 for five rain. The course consisted of five daity irradiations carried out by a method we 
have developed and which excludes the influence of heat  at the boundary between the vibrator and cornea. Five rain 
after the last irradiation the animals received an intraperi toneal  inject ion of sodium sulphate with labe l led  S(Na2S as 
04), and of strength giving 5,000 impulses/rain per g. To study the permeabi l i ty  changes the animals were ki l led 1, 
4, 24, and 72 h later,  both eyes were enucleated,  and al l  the refract ive media ,  and blood were invest igated for S 35 

by means of a counter and a B apparatus. The mean value of the radioact ivi t ies  was found and referred to 1 g of sub- 

strafe, h~ the control experiments the radioact ivi ty  was measured at the same times. 

TABLE 1. Changes in the Radioactivity of the Refractive Media of the Eye, 
and of the Blood, Under Normal Conditions 

Substrate 

Blood 
Aqueous humor 
Cornea 
CFystalline lens 
Vitreous humor 

T ime  (in hours) 

~ 

127 110 ] ] 
316 I 8 ,4 I I 
457 I 1 ,0 I 1 

24 

% 

2,5 
4,5 
9,4 
8,9 
3,1 
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TABLE 2. Changes in the Radioactivity of the Refraction Media of the Eye 

After kradiation by Ultrasound 

Substrate 

Blood . . . . . . . . . . . . .  

T ime  of investigation 
1 

3 805 

3 504 
Aqueous hmnor . . . . .  -3 208 

100 

92,3 
86,3 

Cornea . . . . . . . . . . . .  

Crystalline lens .... .  

Vitreous humor ..... 

920 24,1 
815 21,4 

182 4,8 
160 4,2 

145 3,8 

4 

239 6,0 

2 797 73,5 
2 785 73,1 

1 022 26,9 
934 24,3 

503 13,2 
456 11,9 

318 8,3 

(in hom'~) 
24 

114 

1 217 
1 137 

776 
694 

515 
440 

334 

72 

3,1 73 1,I 

31,9 278 7,3 
29,8 238 6,2 

20,4 563 14,8 
18,2 546 14,3 

13,5 506 13,3 
11,5 475 12,4 

8,9 149 3,9 

3,6 

Note. The numerator indicates the radioactivity of the media of the irradiated 

eye, the denominator indicates the radioactivity of the opposite (nonirradiated) 

eye. 

E X P E R I M E N T A L  R E S U L T S  

The control experiments showed there were no differences in the distribution of S as as between the right and 

left eyes. Therefore, in Table 1 we give results applying to both eyes and expressed as the nrean amount of radioac-  

tivity (impulses per min, and as a percentage of the activity of the blood). 

From Table  1 it can be seen that 1 h after the injection of a maximal  dose of radioactive sulphur there was a 

certain radioactivity in the blood, somewhat less in the fluid of the anterior chamber, still less in the cornea, and 
least of all  in the crystalline lens and vitreous humor. 

By the start of the fourth hour there was a marked reduction in the radioactivi ty in the blood and of the fluid 

in the anterior chamber and an increase in the amount of S as in the cornea, lens, and vitreous humor. 

After 24 h the amount of radioactivi ty in the blood way very low, and there was a reduction in the amount of 

S as in the aqueous and in the cornea. At the same t ime there was a marked increase in the radioactivity of the lens 
and of the vitreous. 

After 72 h the amount of S as in the blood had fallen to 2.5%, in the anterior chamber it was 4.5%, in the cor-  

nea 9.4%, in the crystalline lens 8.9%, and in the vitreous it was 3.1% of the amount present after 1 h. 

Having studied the changes in the radioactivity of the eye media under normal conditions we then proceeded 

to determine what influence there was on the permeabil i ty of the blood-eye barrier and of the refractive media by 
a course of uitrasound. 

Table  2 shows that ultrasound exerts a marked influence of the perrneability of the blood-eye barrier and on 

the sorbtive properties of the refract ive media  of both the irradiated and the opposite eye. 

One hour after the last irradiation the amount of S as in the fluid of the anterior chamber of the irradiated and 

of the opposite eye exceeded the value in the controls, the two amounts being 92.3 and 86.3%. Particularly marked 

differences were found in the period between 4 and 24 h. In the control experiments at these times was a reduction 

in the radioactivity of the aqueous, but in the experiments with ultrasound irradiation the act ivi ty of the fluid of the 

anterior chamber remained at quite a high level  (73.5 and 31.9%). In the opposite eyes there was also a high SaScon- 

tent (73.1 and 29.8%). Only by the beginning of the third day did the radioactivity of the aqueous humor approxi- 
mate  the control values. 

Under the influence of ultrasound the sorptive properties of the cornea of both the irradiated and of the opposite 
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eye were considerably enhanced. The course of irradiation also exerted a marked influence on the sorptive proper- 

ties of the lens. A comparison of the results obtained and the control values shows that under the influence of ultra- 

sound the sorptive properties of the lens increased on average by 11/2 - 2 times and remained at a raised level  for the 

whole period of observation. 

The ultrasound causes marked changes in the permeabil i ty of the crystalline lens, although these changes are 

not as marked as in the other refractive media. 

The results we obtained on the increased permeabil i ty of the blood-eye barrier and of the refractive media  of 

the eye may to some extent be related to the depolarizing action of ultrasound on hyaluronic acid [3], which is known 

to play an important part in the control of tissue permeabil i ty.  Also the increased diffusion by the biological  m e m -  

branes under the influence of ultrasound is important. In addition an important part is played by the increased me ta -  

bolic processes in the irradiated tissues. Finally we attribute considerable significance to the action of ultrasound on 

the nervous elements regulating vascular tone which in turn to a large extent determines the permeabil i ty of the 

blood-eye barrier. 

Because the mechanism of the biophysical action of ultrasound is far from clear we cannot c la im that our theo- 

retical  suggestions are the last word. 

The analysis of the results we have obtained leads us to conclude that a course of irradiation of the eyes with 

uhrasound of therapeutically practicable intensity causes an increased permeabil i ty of the blood-eye barrier and of 

the refractive media, both in the irradiated and in the other eye. 

S U M M A R Y  

In experiments carried out on rabbits a study was made of the permeabil i ty of the blood-eye barrier and of the 

ocular refractive media after a course of irradiation with tolerable intensities of ultrasound. A marked increase of 

permeabil i ty was found; there was also an increase of the sorptive properties of the cornea, lens, and vitreous body, 

both in the irradiated and in the other eye. 
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All abbreviations of periodicals in the above b i b l i o g r a p h y  are  letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some  or al l  o f  t h i s  per/- 
od ica l  l i t e r a t u r e  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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