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The biological action of a-rays and, in particular, the morphological changes resulting from external a -  
irradiation have been inadequately studied. For this reason it is not yet clear whether external a-irradiation is 
harmful, and if it is, how its action differs qualitatively from that of other types of ionizmg radiation. There are 
reports in the literature [2, 4, 14] of the extremely limited harmful action of a-irradiation from external sources, 
such as: "a-Rays. when acting externally, may have a harmful effect only in exceptional cases, for example when 
they act on the mucous membranes" [2]. In contrast to this view~there are reports [6] of the development of deep 
necrosis and ulceration after irradiation of the skin of rabbits with a-rays from polonium. 

In view of the scanty and controversial information on the pathological changes in the tissues in response 
to the action of external co-irradiation, we considered it of interest to investigate these changes over a period of 
t ime, varying the doses of radiation absorbed. 

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

Experiments were carried out on 35 rabbits weighing 2.0-2.5 kg, to the shaved dorsal skin of which were 
applied radioactive binders containing fission products of thoron (thorium B, thorium C, thorium C I and thorium 
CII). These radioactive isotopes emit  a - ,  t3- and )~-rays, but it can be considered that their action is due main- 
ly to a-rays  which account for more than 90%of the radiation energy absorbed by the tissues [1, 15, 16, 19]. 
The activity of the applicator was 4-5 ~C/cm z in the first series of experim ents, 0.3 l~C/cm z in the 2nd series 
and 0 .06 /aC/cm z in the 3rd series. The applicator, 8 x 8 cm in size, was placed in position for a single period 
of 20 hours or 5-6 times at intervals of 1 week. In the same conditions a binder free from radioactivity wa s ap- 
plied to 5 rabbits. The animals were sacrificed at various periods of t ime  (from 1 day to 8 months from the be- 
ginning of the experiment) with subsequent morphological examinatton of the skin and inspection of the internal 
organs. In some animals biopsy of the skin of irradiated and unirradiated symmetricaUy opposite areas (as con- 
trois) was performed. 

E X P E R I M E N T A L  RESULTS 

Before estimating the morphological changes after irradiation it had to be ensured that this was external, 
i.e., that the radioactive isotopes incorporated in the applicator had not penetrated into the skin tissue For this 
purpose biopsy specimens of skin taken from the experimental rabbits immediately after irradiation at intervals 
of 5, 24, 48, 72 and 96 hours, were investigated by the histoautoradiographic method of mounting [7, 20]. 

Microscopic examination of the histoautoradiograms (11 experiments in all, and 15-20 sections of skin in- 
vestigated in each case) showed that the characteristic "stars" of the isotope emitting a-rays  were present on the 
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Fig. 1. Changes in the skin of a rabbit three 

days after a single exposure to a-rays .  Gross 
thinning of the epidermis, with gigantism and 
a transverse disposition of the nuclei in the 
cells which are left. Ocular 15x,  objective 
40X. 

surface of the skin only, which was evidence of  the trans- 
fer of a known quantity of radioactive material  from the 
applicator to the skin. No radioactive material  was 
found in the thickness of the epidermis and dermis. The 
largest quantity of isotopes on the surface of the skin was 
found immediately  after removal of the applicator. Lat- 
er on, on account of the rapid fission of the isotopes 
(maximum half- l i fe period about 11 hours), their quantity 
progressively fell, so that after 3-4 days the skin was prac-  
t ically free from radioactivity. Judging by the data from 
histoautoradiography, therefore the radioactive substances 
tested did not penetrate into the skin or were practically 
completely disintegrated before they could possibly pen- 
etrate the skin. For this reason the action of the radioac- 
tive applicators on the body was entirely due to external 
irradiation. The length of penetration into the tissues 
by a-par t ic les  emitted by the fission products of thoron, 
from measurements with the ocular micrometer,  from 
our findings was 80-60 /~ which is only very slightly 
more than the thickness of the epidermis in the dorsal re- 
gion of the rabbit's skin. 

During the period of irradiation and for a year aft- 

er its conclusion,the general condition of the animals a p -  
peared normal. Histological investigation of the internal 
organs also revealed no pathological changes. Macrosco- 

pic changes in the skin were manifest in the form of hyperemia, pigmentation, and desquamation, varying in aC- 
cordance with the size of the dose absorbed. With whatever dose was used, the microscopic changes were mainly 
found in the epidermis. In the first series of experiments, for instance, immediate ly  after removal of the appl ica-  
tor, individual cells of the basal layer of the epidermis were seen with swollen and unusually light nuclei and 

Fig. 2. Changes in the skin of a rabbit after repeated exposure to 
~x-rays. Formation of a vesicle in the epidermis. Severe dys- 
trophy of the epithelium at the base of the vesicleo Objective 

40x, ocular 15 x .  

large, eccentxically situated nucleoli within them, arranged against a background of the main mass of unchanged 

ceils. The number of these cells later increased, and this was accompanied by abnormalities of differentiation 
of the cells of the epidermis and vacuolation of the cells of the stratum spinosum. Three and 4 days after irradia- 
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Fig. 3. Imperfect regeneration of the epidermis of a rab- 
biL Obliteration of the cell borders and the formation of 
ridges. Ocular 10X, objective 40x. 

tion,cells with giant, deformed nuclei, arranged parallel to the skin surface, and also isolated small pycnotic cell~ 

were observed in the basal layer (Fig. 1). Staining by Fe.ulgen*s method at this period showed a sharp fall in the 
content of desoxyribonucleic acid in the nuclei of the swollen and giant ceils and an increase in the content of 
DNA in the pycnogic ceils. 

One week after irradiation, the epidermis presented a picture of severe disturbance of differentiation, with 

pycnosis and karyocytosis of many ceils of  the basal layer, severe hypertrophy and deformation of the nuclei in 
the cells which were preserved and with the onset of desquamation of the stratum corneum together with the under- 
lying dead epithelium. Pigment formation began at th~s period, in the form of the appearance of fine granules of 
melanin in the perinuclear zones and alone the ceils borders in the basal layer. The degree of the dystrophic 
changes in the epidermis and of deposition of pigment were unevenly expressed over the skin surface. Th~s "spot- 
ted '~ character of the changes was evidently connected with distinctive properties of this source of rad ia t ion-  the 
uneven distribution of radioactive material on the surface of the applicator and the criss-cross structure of the ap- 
plicator itself, which was made of gauze. 

Two weeks after a single exposure to irradiation, even more marked dystrophic changes were present in the 
epidermis, which m some areas was thinned to three, two or even one layer of cells, with huge polym orphic nu- 
Clei, situated in various positions. An abundance of pigment was present in the cytoplasm of three ceils. In these 
areas the stratum corneum was usually absent, but sometimes it was observed to be desquamated together with the 
underlying of dead epithelium, .n which the 0utlines of giant pycnottc nuclei could vaguely be distinguished, 
Three and four weeks after a single exposure to irradiation, signs of progressive regeneration were observed in the 
skin, with proliferation of the epidermis in xts basal layer and desquamation of the superficial layer of abnormal 
epithelium. 

After the course of irradiation was completed, the changes in the epidermis in the 1st series of experiments 
were more noticeable. The thinning and the deposition of abundant pigment were almost diffuse. Desquama- 
tion of the stratum comeum together with the underlying necrotic epidermis was accompanied by penetration of 
edema fluid into this layer, together wi tha  few leucocytes, and the formation of vesicles (Fig. 2). The base of 
the vesicles was often formed by dermis, in which there was obvious leucocytic infiltration, tn the areas of the 
hair follicles next to the epidermis, dystrophy of the epithelium was present, and here and there the hair was shed 
and the follicles dilated and deformed. One week after thecottr.se of irradiatmn, the dystrophic changes in the 
epidermis were accompanied by imperfect regeneration of that structure, with obhteration of the cell borders and 
the basal membrane and the formation of charac~;er.istic ridges (Fig 3). Only two weeks after the course of irradia- 
tion, however, the regeneration of the epidermis was normal again t proliferation of an epidermis of typmal struc- 
ture was observed, slightly thinner than in the control animals. Areas of severe dystrophic changes could still be 
seen at this period against the background of intensive regeneration. 

After a single or multiple exposure to irradiation, the dermis in the 1st series of experiments in the course 
of the first week showed a moderate capillary hyperemia in the stratum papillare against a background of very 
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slight edema,  pal isading of the leucocytes  in the small  vessels and slight perivascular  !eucocyt ic  infi l trat ion.  
To this was subsequently added a slight, diffuse,and nodular (beneath the epidermis) h is t iocyt ie  prol iferat ion,  ac-  
cumulat ion of p igment  in the hist iocytes of the dermis,  and isolated giant hist ioeytes.  No ct~anges were found 
in the argyrophil ic  col lagen and elast ic  fibers of the skin after a single exposure to the radiat ion;  after repeated 
exposure, at the end of the course. impregnat ion by the Tibor-Pape* method showed a transient coarsening of the 
subepidermal  a rgyrophi t icmembrane  and swelling of the col lagen fibers in the stratum papi i la re .  Restoration of 
the skin structure after a single exposure to i r radiat ion in the 1st series of experiments began in earnest after one 
month; after repeated i r r a d i a t i o n -  after 3-4 months, although at this period too, traces of its effect could stil l  be 

seen in the form of the presence of p igment  in the dermis and small  areas of epidermis in which the basal layer 
was irregular in its structure. 

After the absorption of smaller  doses of radiat ion (2nd and 3rd series), dystrophic and necrobiot ic  changes 

were also observed in the epidermis ,  although these developed much more sloMy. In the 2nd series, for instance, 
after 3-4 exposures, isolated hypertrophied cel ls  with vacuolated cytoplasm and eccent r ica l ly  situated nuclei  were 
found in the epidermis.  To these were subsequently added, in  turn, maldi f ferent ia t ion  and polymorphism of the 
epidermis,  gigantism and transverse disposition of the nuclei ,  and thinning of the ep idermal  layer to 
1-2 rows of ceils .  After the conclusion of i r radiat ion in the 2nd series of experiments ,  the changes thus r e s e m -  
bled those which took p lace  during the 2nd week of the experiment  in the 1st series. In the 3rd series of experi-  
ments, it  was only at the end of the course of i r radiat ion that foci of dystrophy and necrobiosis of the epidermis  
were seen, with thinning of the epidermis in these areas and excessive accumulat ion  of melan in  in the cells.  
Changes in the dermis in the 2rid series were shown mere ly  by a transient d i la ta t ion  of the smal l  vessels in the 
stratum pap i l l a t e  and by slight perivascular  leucocyt ic  infi l t rat ion.  In the 3rd series no morphological  changes 
were observed in the dermis. 

Consequently, external  cx-irradiation, although leading to obvious dystrophic changes in the epidermis, was 

not accompanied  by any significant involvement  of the dermis,  and for this reason did not produce sclerosis nor 
atrophy of the skin. If  we compare  these changes with those described after the act ion of x-rays [5, 9, 10, 21, 22J 
and B-rays [11, 12, 17, 18, 23], we can observe that doses of x-rays  and B-rays which led to such marked changes 
in the epidermis inevi tably  caused in addit ion a severe inf lammatory  react ion in the dermis, with (especially 
after the act ion of x-rays)  subsequent atrophy of the skin appendages and sclerosis of the dermis. The dist inction 
which we found in our experiments between the degree of the significant changes in the epidermis and the slight 

changes in the dermis is very probably connected with the physical  p ropemes  of this radiat ion,  and especia l ly  
with the fact that c~-particles, which posses a high ionizat ion density (and, hence,  high b io logica l  effectiveness) 
have a low penetrat ing power, so that  the bulk of the c~-particles are absorbed in the epidermis and do not enter 

the connect ive tissue layer of the skin. 

The absence of any severe inf lammatory  react ion in the dermis after external  a - i r r a d i a t i on  also accounts 
for the fact that, in out experiments,  no a typ ica l  prol iferat ion of the epidermis and fol l icular  epi thel ium took 
p l ace  in the la ter  stages of the exper iment ,  with the development  in isolated cases of carc inoma of the skin, as 
is observed after ~ - i r rad ia t ion  [l?J.  This is Understandable in the light of the work of V. G. Gaxshin [31, who 

showed conclusively that prol i fera t ive  processes in the epi thel ium are largely dependent  on the degree of the in- 

f lammatory react ion of the stroma. 

As has already been pointed out, the skin changes after ~ - i r rad ia t ion  are comple te ly  reversible.  The ac -  

t ive course of the regenerat ive  processes in our experiments  was undoubtedly due to the superficial  loca l i za t ion  

of the changes and also to the unevenness, the "spotted" nature of the lesions in the epidermis,  so that  areas which 
were only slightly affected acted as sources of regenerat ion.  These findings are in agreement  with the s tatement  

by G. S. Strelin [la] that  when a source of radiat ion is in the form of grid, the areas which are least  exposed to 
i r radiat ion have a s t imulat ing effect  on the regenerat ion of the areas of skin which absorb a larger dose of radia-  

tion. 

We also studied the morphological  changes in the nerve e lements  of the skin after external  or-irradiation. 

For this purpose, biopsy specimens of skin of exper imenta l  and control animals  were stained for mye l in  by Spiel-  
meyer ' s  method and impregnated with silver by Campos* method.  I t  was found that,  corresponding to the slight 
inf lammatory  and dystrophic changes in the dermis,  the nerve trunks of the stratum re t iculare  and the stratum 

papi l l a te ,  as well as the receptors of the sebaceous glands and hair fol l icles situated in these layers, underwent no 

* Name not verif ied.  
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morphological changes. So far as the palisade-like receptors terminating in the epidermis are concerned, when 
their terminal ramifications were intact, the prereceptor fibers at the height of the skin changes in the 1st a n d  
2nd series of experiments showed increased argentophilia and irregular thickenings and spiking of their contours. 
These changes in the receptors of the epidermis disappeared 1-2 months after the cessation of irradiation, i.e., 
they were reversible. The neurohistological examination of the skin thus also emphasized the superficial local-  
ization of the pathological changes during external cz-irradiation. 

S U M M A R Y  

The author studied the changes occurring in the skin of the rabbit in external alpha-4rradiation. The latter 
has a pronounced injurious effect, the morphological manifestations of which are analogous to those observed in 
the action of other types of ionizing radiation. Besides this, the reaction of the alpha-irradiated tissue has a spec- 

i f i c  feature in the form of a sharp contrast between the degree of affection of the superficial and deep layers. 
The injury mostly involves the epidermis. This is due to the physical properties of alpha-radiation. 
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