
BIOCHEMIS TRY AND BIOPHYSICS 

THE D Y N A M I C S  OF THE C H A N G E S  IN THE S O R P T I O N  PROPERTIES 

OF TISSUES FOLLOWING THE A C T I O N  OF s - R A D I A T I O N  

ON THE O R G A N I S M  

E. G. D o l g o v  

From the Department of Roentgenology and Medical Radiology of the Semipalatinsk 
Medical Institute (Director : Docent K. Ch. Chuvakov) 
(Presented by Active Member of the Akad. Med. Nauk SSSR V. V. Parin) 
Translated from Byulleten' ~ksperimental'noi Biologii i Meditsiny, Vol. 51, No. 4, 
pp. 52-56, April,1961 
Original article submitted March 9, 1960 

In the development of changes occurring in the organism after irradiation, an important role is played by 
the disturbances in tissue permeability; this is regarded by many authors as one of the most characteristic and 
essential components in radiation illness [3, 7, 8, 9]. 

The works of D. N. Naconov and co-workers [2, 11, 12, 13] have convincingly shown that the permeability 
of cells depends on the sorption activity of the protoplasm and its more important component par t - the  proteins. 
Numerous investigations, performed in this direction, have indicated that under the influence of various external 
factors there occur definite physico-chemical changes in the cellular proteins, as a result of which the capacity 
of the protoplasm to bind vital stains increases. Intensification of the tissue sorption properties subsequent to in- 
jury is explained by denaturing changes in the protein structures of the cells. 

It is known that disturbances in the protein metabolism regularly set in, and are the most important stage 
of radiation illness in the organism [5, 6, 10, 15]. 

Recently, isolated bodies of evidence have appeared in the literature on the genesis of denaturing changes 
in the protein molecules subsequent to the action of ionizing radiation on biological subjects. The occunence of 
denaturation of the protein structures was discovered in an investigation of the binding of tagged methionine by 
irradiated proteins [13], by the use of immunological procedures [8 ], and by the study of the tinctorial properties 
of tissues [1, 3, 4]. However, the data obtained by the various investigators is, to an appreciable degree, contra- 
dictory. 

In line with the above, we attempted, in this work, to elucidate how the sorption properties of experimen- 
tal animals' tissues are modified under the influence of gamma-ray radiation, and how the observed changes are 
caused. For this purpose we used the method of supravital staining, a delicate and sensitive index of the physio- 
logical state of cells [11, 14]. 

METHOD 

The experiments were performed on white rats of both sexes, 165-250 grams in weight, maintained on a 
normal mixed diet. The work was carried out on 145 white rats, 25 of which served as the control. The animals 
were subjected to whole-body radiation with gamma-rays from radioactive cobalt, in doses of 800 r (first series 
of experiments), and 400 r (second series). The irradiation was accomplished on the GUT-Co ~~ -400 apparatus, 
with a dose output of 35.5 r/min. At various intervals after the irradiation we studied the sorption properties of 
the tissues in the experimental animals relative to the basic vital stains-neutral red (granular stain) and chrysoi- 
din (diffuse stain), 
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Within 6, 24, 48, 72 and 120 hours after the irradiation the animals were sacrificed by decapitation. The 
liver, kidneys, small intestine, spleen, lungs, brain, adrenals, and heart were quickly removed and place in Ring- 
er's solution for 20-30 rain. Then the material under investigation was transferred to a 0. 01% solution of neutral 
red and chrysoidin for staining; the stains were prepared in Ringer's solution without sodium carbonate. After 30 
rain the organs were withdrawn from the stain soltuions, rinsed in Ringer's solution without sodium carbonate, and 
portions were dissected out from the middle which were transferred to a test tube for extraction of the stains. The 
test tube contained a determined, accurately measured, amount of 70* alcohol, acidified with sulfuric acid. Fol- 
lowing extraction, which lasted 24 hours, the alcoholic extract was measured colorimetrically, using the concen- 
tration colorimeter KOL-1M, and the amount of stain taken up was calculated per 1 gram of weight of the organ. 
We set up the experiments with the non-irradiated rats under the same conditions. 

The amount of bonded stain in the tissues of the irradiated animals was expressed in percents of the figures 
for the controls, the latter being taken as 100%. 

All the data obtained in this investigation were subjected to variation-statistics treatment. Shifts in the 
sorption activity of the tissues were considered to be valid when the criteria of statistical significance for the dif- 
ferent figures was equal to or greater than 3. 

RESULTS 

The data on thebinding of neutral red and chrysoidin by the organs and tissues of the white rats at varying 
periods after the irradiation are presented in Tables 1 and 2. 

In the rats irradiated with a dose of 800 r (Table 1) there was a statistically significant elevation in the ab- 
sorption of the stains in the liver, kidneys, small intestine, spleen and lungs. 

The nature of changes noted in the different intervals of the investigation was varied. Within 6 hours after 
the irradiation a statistically significant intensification of the sorption properties took place only in the small in- 
testine and spleen. 

After 120 hours the changes in the sorption level for the majority of the organs investigated were insignifi- 

cant. 

A statistically reliable elevation in the staining capacity of the tissues was basically observed 24-72 hrs af- 
ter the irradiation. In this period the elevation in sorption activity was observed in the small intestine, spleen, 
kidneys(after24, 48, 72 hr ), lungs (after 48 and 72 hr ), and liver ('t2 hr after irradiation). In comparing the 
sorption properties of the tissues the most intensive accumulation of stains was noted in the small intestine and 
spleen. Elevation in the binding of the stains attained its maximum on the 3rd day after the irradiation. 

We did not observe an increase in the absorption of the stains by the tissues of the adrenals. Within 120 hr 
after radiation exposure We noted a statistically significant lowering of the sorption level for this tissue. 

No disturbances in the tinctorial properties of the brain and heart muscle were found in any of the periods 

of observation. 

Under conditions of irradiation with a sublethal dose of gamma-rays (second series of experiments) the pic- 
ture of the changes in the tissue sorption properties was somewhat different. In this cas the most manifest and re- 
gular changes were noted 48 and 120 hrs after irradiation. Statistical analysis showed that the elevation in the 
sorption level was significant for the small intestine and spleen (24, 48, 72 and 120 hr after irradiation), thelungs 
(after 48, 72, and 120 hr ) and the kidneys (after 48 and 120 hr ). In the remaining organs investigated (liver, 
brain, adrenals, heart) the difference between the experimental animals and the control was statistically insigni- 
ficant by the variation method. As can be seen from Table 2, the accumulation of stains in the tissues of the 
animals taking part in this series of experiments was smaller than with the irradiation at a higher dose. Twenty- 
four hours after the irradiation a significant lowering was noted in the staining capacity of the adrenals. 

Analysis of the results obtained shows that following the action of gamma-radiation on the organism patho- 
logical changes arise in a number of vital internal organs, which are manifest by an elevation in the sorption ac- 
tivity of the tissues in relation to vital stains. Changes in the sorption capacity of the cellular dements takes 
place even in the early stages of acute radiation illness and increases in the later stages of the disease. The al- 
terations noted bear a phasic character, and depend on the seriousness of the radiation illness. 
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In accordance with the data in the literature, the observed changes in the tinctorial properties of the tissues 
can be explained by denaturing changes in the cellular proteins, which arise in the organism after exposure to ra- 
diation. 

Thus, the observed changes in the sorption properties are related to the varying depth of the tissue injury, 
and reflect the dynamics and character of the pathological disturbances in the organism resulting from the pro- 
gression of acute radiation sickness. 

S U M M A R Y  

Experiments were conducted on albino rats irradiated with various doses of gamma rays (800 and 400 r), 
The method of supravital staining was used to study the sorptive properties of tissues at different periods after 
irradiation. In 6-120 hours afterirradiation, the tissues of the small intestine, spleen, kidneys, lungs and liver 
showed increased sorption of the stain. Denaturing changes of the cellular proteins were present in the irradiated 
organism, The character and the extent of the changes detected depended on the dose and the interval after 
the irradiation. 
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All abbreviations of periodicals in the above bibliography are letter*by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i terature  may  wel l  be avai lab le  in En~ l i sh  translat ion.  A complete list of the cover-to. 
cover English translations appears at the back of this issue. 
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