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Reports published in the l i terature on the question of combined burn and radia t ion  injuries are main ly  concerned 
with the surgical t reatment  of these lesions [3, 4, 7, 8, 11, etc.] .  Only a few investigations have been made of cer -  
tain pa thologica l  changes in the irradiated organism following infl ict ion of addi t ional  thermal  t rauma [1, 2, 6,9, 10, 
20]. Meanwhile,  no references could be found in the l i terature to the problem of the reac t ion  of the centra l  nervous 
system and endocrine organs to combined injuries of this type. The solution of this problem is important  for expla in-  
ing the pathogenesis of the aggravating effect  of thermal  burns on the course and outcome of radiat ion sickness, 
which has been reported in the l i terature.  

The objec t  of the present investigation was to study the degree of nonspecific tissue changes in cer tain parts 
of the cen*ral nervous system and endocrine organs by the v i ta l  staining method in thermal  burns, rad ia t ion  sickness, 
and combinations of these lesions. 

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

Experiments were carried out on 135 male  albino rats weighing 150-200 g. series I - control (30 animals) ,  

series II - irradiated with y-rays from Co 6~ in a dose of 400 R, series III - with a thermal  burn of degree IIIA B (10~ 
of the skin surface), and series I V -  with a combinat ion of both injuries. The animals rece ived  a single whole-body 
irradiat ion on the GUT Co-400 apparatus at a dose rate in air of 24.3 R/rain. The burns were infl icted with the 
flame of a gas burner on the skin of the back through an oval hole in an asbestos cover. In the animals of series IV 
the burns were infl icted immedia t e ly  after the end of irradiation. 

The quantity of vi ta l  dye absorbed by the tissues was determined by S. N. Romanov's method [19]. The in-  
vestigations were carried out 2 h, and 1, 3, 7, and 14 days after the procedure. At each period experiments were 
performed on 7 animals.  The animals at these times received an intravenous inject ion of the v i ta l  dye neutral  red 
in a dose of 1 ml  of the 0.5~ solution per 50 g body weight. Two hours later the rats were decapi ta ted .  Pieces of 

the left cerebra l  hemisphere,  the cerebel lum,  the medul la ,  the 

Content of Neutral Red in Various Parts of the 

Cenlzal Nervous System and Endocrine Glands 
of Rats in Normal  Conditions 2h after Its Intra-  
venous Injection (in conventional  ext inct ion 
units/g weight of dry organ) 

Organ n 7 I s S-x 

Pituitary 
AdrenaIs 

Thyroid 

Pancreas 
Cerebrum 
Cerebel lum 

Medulla 

30 
30 

30 

30 
30 
30 

30 

I 

13,7 l 
10,1 I 
9,61 

2,8 
3,4 
2,4 

1,6 

2,2 
1,9 

2,1 

0,74 
0,97 
0,31 

0,11 

0,40 
0,35 

0,38 

0,14 
0,17 
0,06 

0,02 

pancreas, and the pitui tary,  and also the adrenals and lobes of the 

thyroid glands from which a l l  connective tissue had been carefully 
removed,  were placed in test tubes for extract ion of the dye with 
4 ml  of 70 ~ ethyl  alcohol,  acidif ied with 2~ sulfuric acid. The 
extracts were examined in the FEK 1M photoelectr ic  color imeter  
and the pieces of the organs were dried to constant weight in a 
muffle furnace at 70 ~ . The amount of dye extracted in conven-  

t ional  ext inct ion units was ca lcu la ted  per gram of the dry organ. 
The content of dye in the organs of the animals in Series II-IV was 
expressed as a percentage of the control  figure. 

The numer ica l  results were analyzed by s ta t is t ica l  methods. 
The differences were regarded as significant when P < 0.05. 

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

The table shows that in normal conditions more of the dye 
accumulated in the brain than in the pancreas. This demonstrates 
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Fig. 1. Dynamics of absorption of neutralred by 
tissues of the regulatory organs of albino rats 
after whole-body irradiation in a dose of 400 R. 
Here and in Figs. 2 and 3: 1) adrenals, 2) thy- 
roid, 3) pancreas, 4) pituitary, 5) cerebrum, 
6) cerebellum, 7) medulla. Rec tangles -  val-  
ues of ~ - 100. The numbers by the rectangles 
represent - ~*S~. 
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Fig. 2. Dynamics of absorption of neutral red 
by tissues of the regulatory organs of albino 
rats after a thermal burn. 

that the most important factor for absorption of the dye in 
an organ in situ is the affinity of the tissue for the dye, and 
not the permeability of the vessel-tissue barriers (in partic- 
ular, the blood-brain barrier), as has been reported in the 
liter amre [5]. 

In acute radiation sickness (Fig. 1) the absorption of dye by the cerebral hemispheres and cerebellum began 
to increase after 3 days, compared with after 1 day in the medulla. After 14 days the difference between the inten- 
sity of staining of the tissues of the central nervous system and its normal vatue was not statistically significant 
(P > 0.05). In these conditions the adrenals and thyroid showed fluctuating changes in their absorptive properties. 
After 2 h and 14 h the content of dye was significantly less than normal (P < 0.05), whereas after 3 days it was 
higher than normal. In the pituitary the accumulation of dye was increased 3 days after irradiation, but later the 
absorption indices showed a decrease. In the first 7 days the accumulation of dye in the pancreas increased (after 
2 h the increase was not statistically significant, P > 0.05). After 14 days the absorption of neutral red by thisorgan 
was indistinguishable from normal. 

An increased content of dye was found in all the investigated tissues and organs 2 h after burning, falling to 
the control levels in the brain, cerebellum, and pituitary after 1 day, and in the adrenal and thyroid after 3 days 
(Fig. 2). The pancreas and medulla absorbed an increased amount of dye for 7 days. After 7 days the accumulation 
of dye in the thyroid and pituitary was below normal (P < 0.05). Following the combined injury (Fig. 3), the ac-  
cumulation of neutral red was increased in all the tissues and organs examined after 2 h, whereas irradiation alone 
caused no changes in the intensity of staining of the cerebral hemispheres, cerebellum, medulla, pituitary, and 
pancreas, while a smaller amount of dye was absorbed by the adrenals and thyroid at this time. 

On the 14th day after irradiation, the thyroid, adrenals, and pituitary had absorbed less of the dye than in 
normal conditions, while the amount of dye absorbed by the other tissues and organs studied was indistinguishable 
from the control level. After the combined injury at this time all the tissues and organs showed an increased affin- 
ity for neutral red, except the adrenals, the absorption properties of which had returned to normal at this time, al- 
though in comparison with the experiments of series II, their intensity of staining was significantly higher (P < 0.05). 
After the combined injury, the increase in the staining properties of the tissues of the central nervous system thus 
began sooner and subsequently developed to a higher tevel than in the animals receiving irradiation alone. In these 
conditions the intensity of staining of the adrenals, thyroid, and pituitary showed a different pattern of change: the 
periods of diminished staining properties of these organs disappeared. 
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Fig. 3. Dynamics of absorption of neutral 
red by tissues of the regulatory organs of 
albino rats after whole-body irradiation in 
a dose of 400 R and a thermal burn. 
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Investigations by D. N. Nasonov and co-workers [12-15, etc.]  
have shown Nat  the increase in the affinity of the cytoplasm of iso- 
lated tissue ceils for vital dyes following the application of various 
harmful agents is evidence of the development of nonspecific changes 
in them. A stepwise relationship has been discovered between the 
severity of injury to the tissues and the quantity of dye absorbed [15]. 
It has been shown that a decrease in the ability of the tissues to take 
up the dye is associated with an increase in their resistance to in- 
jurious influences [17]. Recently these conclusions have been veri- 
fied for the method of staining organs in the intact organism [5, 16, 
18, 22, etc.]. The view has been expressed [22] that a change inthe 
staining properties of animal tissues reflect the dynamics of their re- 
action to irradiation. 

From the facts described above it can be considered that the 
increase in the staining properties of the tissues of the central nerv- 
ous system and endocrine organs following combined injuries which 
was observed in most cases, is a manifestation of aggravation of their 
changes produced by irradiation on the addition of a thermal burn. 
This aggravation of the changes may be the cause of the disturbance 
in the regulatory functions of these organs, and, hence, the cause of 
the increased severity of the lesion. The reactive changes in the 
regulatory organs following combined injuries cannot beregarded as 
the result of the simple summation of the injuries developing by the 
action of the separate factors. 
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