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The effect  of i rradiat ion in highly differentiated tissues with low prol i ferat ive ac t iv i ty  consists mainly  of the 
depression of the process of post traumatic  regeneration [8, 10, 11]. Examples of tissues react ing in this way to i r -  
radiat ion are muscle and bone [5, 9, 12]. For this reason the study of the post t raumatic  regenerat ion of the i r radiated 
peripheral  nerves of animals  is of great interest.  

Marked inhibit ion of the post traumatic  regeneration of nerves has previously been demonstrated in axolotls [3] 
after i rradiat ion of the nerves or the thoracic segments of thespinal  cord of these animals  in doses of 10,000-20,000 R. 
Meanwhile,  following i r radiat ion of the larvae of spotted salamanders and tritons, no such effect  was found [131. Fol-  
lowing irradiat ion of rabbits in a dose of 300-900 R depression of regeneration of nerve trunks was observed [1]. S im-  
i lar  conclusions have been reached in experiments on clogs [3] i r radiated in doses of 300-350 R. The his tological  
study of the site of injury of peripheral  nerves has revealed marked inhibi t ion of the formation of a t raumat ic  neuroma 
for the extent  of 4-5 months, when the sciat ic  nerve was injured by operation 3, 20, and 60 days after irradiat ion.  
V. M. Lavrinenko [6] i r radiated albino rats in a dose of 600 R and observed a lowering of the intensity of regenerat ion 
of nerves, M. N. Meisel '  [7] studied the regeneration of nerves in the i r radiated skin of  mice  and found no significant 

depression of regenerat ion.  He showed that nerve tissue may respond by morphological  changes to changes in the 
external  environment.  E. I. Zai tsev [4] i r radiated rabbits in a dose of 1000 R and observed no significant disturbances 
in the rate of regenerat ion of injured nerves. 

Hence,  there is no general ly  accepted  opinion in the l i terature concerning the ac t ion  of radiat ion on the post- 
t raumatic  regenerat ion of the peripheral  nerves. It must be noted that none of the authors ci ted above analyzed the 
process of regeneration quant i ta t ively ,  In the present investigation experiments  were carried out on rats to study the 
effect of x-rays on the regenerat ion of a nerve after mechanica l  t rauma, using quanti ta t ive method for assessing the 
changes arising after i r radiat ion in different situations. 

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

Experiments were carried out on 185 male  Wistar rats weighing 160-180 g. The animals  were irradiated with 
an RUM-3 apparatus operat ing at  a voltage of 180 kV, a current of 17 mA, skin-focus distance 30 cm,  dose rate 7.8 
R/ra in ,  and filters 0.5 m m  Cu and 1 mm A1. In the experiments of series 1 the hind l imb of the rats was i rradiated 
in a dose of 3000 R. In series 2 the region of the spinal cord was i rradiated from the dorsal aspect in the same dose. 
The zone of i rradiat ion comprised the segments L4-S 1 innervating the hind l imbs.  The remaining part of the an imal ' s  
body was screened with lead.  Control rats were not i rradiated.  In the experiments in which the l imb was i r radiated,  
the unirradiated opposite l imb of the animal  acted as the control.  

The peroneal  nerve was resected for a constant length of 0.4 cm.  The nerve was divided in the region of origin 
of its muscuIar branch and at the point of entry of the sciat ic  nerve into the popl i tea l  fossa, ensuring min imal  separa- 
tion of the nerve ends after the operation.  The t ibial  nerve remained intact .  Trauma was appl ied 24 h and 20, 60, 
127 (in the experiments in which the l imb was irradiated),  and 170 days after i r radiat ion.  The t raumat ized nerves 
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Quantitative Assessment of Regenerative Process Caused by Resection of Peroneal Nerve of a Rat 
after Irradiation of Hind Limb or Spinal Cord in a Dose of 3000 R (18th day after mechanica l  
trauma) 

r i m e  of trauma after 
irradiation 

Zontrol 

).4 h 
).0 days 

30 " 

[27 " 

70 " 

24 h . . . . . . . . . . .  

20 days . . . . . . . . .  
60 " . . . . . . . . .  

170 " . ........ 

Number 
of ani -  
mals 

43 

39 

ii 

14 

12 

i0 

Site of ir- 
radiation 

Hind l imb 

Spinal cord 

Size of con-  
nective-t issue 
scar (in relative 
units) 

106.3 �9 4.3 

33.1 a: 2.1 

55.3 2 7.6 

50.7 �9 4.7 

37.2 • 7.2 

61.0 • 9.8 

75.825.8 

83,025.0 

100.627.6 

69,1• 

Size of neuroma 
without con- 

nective-t issue 

capsule (in 
relative units) 

71,4~4.4 

22.5• 

37.124.1 

26.4• 

31.Ie6.1 

60.6~9.6 

57.7 ~ 4.7 

68.0 + 6.0 

61.7 • 4.7 

66.7 • 7,7 

Density of 
neuroma (in 

relative units 

3 1 . 3 •  

1 8 . 3 ~ 1 . 3  

3 2 . 2 •  
2 6 . 4 ~ 2 . 4  
2 8 . 0 i 4 . 0  

3 0 . 7 •  

3 0 , 6 e l , 6  

3 4 . 1 •  
2 7 . 6 •  

3 0 . 5 •  

were fixed along with the underlying muscle in 20% neutral formalin.  On a freezing mfcrotome sections were cut 

parallel  to the plane of the underlying muscle to a thickness of 30 p (20-28 sections from each nerve) and impregnated 
by the Gros-Bielschowsky-Lavrent 'ev or Kampos method as modified by Shubin, with counterstaining with hema-  

toxylin-eosin.  Some sections were stained by Spielmeyer 's  method. The connective-t issue scar was fixed inZenker -  
formol and stained with azure-eosin or with Heidenhain's  azocarmine.  

For the quantitative evaluation of the developing neuroma and connective-t issue scar two methods were used: 

the first consisted of measurement of the size of the neuroma and connective-t issue scar from the outlines traced by 
means of a drawing apparatus, while the second was based on determination of the density of the neuroma. This was 

estimated from the number of intersections of the developing nerve fibers with a given straight l ine of definite length, 
always pointing in a direction perpendicular to the course of the fibers. In each series of sections 10-20 measurements 

and drawings were made.  The degree of development of the neuroma was expressed by the greatest area on the sec- 

tions and the mean density of distribution of the fibers in conventional  units. All  the measurements in the control 
and experimental  series were made on the 18th day after resection. The morphology of the regeneration processes 

was investigated at the same times, The size and density of the neuroma in the control and experimental  series were 

subject to considerable variation, as a result of which many repetitions of the experiments were necessary. 

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

Analysis of the histological material  from the experiments in which the l imb was irradiated showed marked 
depression of the regenerating power of the nerve if it was divided 24 h and 20, 60, and 127 days after irradiation, 

The young nerve fibers spread for a very short distance into the connective-t issue scar, whereas in the controls at 

the same periods they reached the peripheral segment, forming loops with many branches. The degenerative processes 

in the peripheral and central segments were indistinguishable in development from those in the control series. The 

process of removal of disintegration products was greatly inhibited. This was clear from the considerable infil tration 

of the cytoplasm of the phagocytic Schwann cells with myel in  droplets, Inhibition of the regenerative processes of 

the injured nerve after irradiation of the l imb directly was demonstrated particularly clearly by quanti tat ive mea-  

surements of the developing neuroma and the connective-t issue scar, For example,  in the experiments in which the 

operation was performed 24 h after irradiation, the average size of the neuroma on the 18th day of regeneration was 
only 31% of the control value, the size of the connective-tissue scar was 33%, and the density of the neuroma was 
59% of the control value (see table). 

Hence, radiation injury to a nerve, as manifested by the depression of its regenerative power, continues un-  
changed for a long t ime.  Not until  170 days after irradiation does the regenerative power of the nerve show a tendency 

to recover. 
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In a l l  the series of experiments  in which the spinal cord of the exper imenta l  rats was i r radiated,  as in the 
control (unirradiated) animals ,  microscopic examinat ion  of the developing neuroma on the 18th day of regenerat ion 
showed that young nerve fibers had spred throughout the connect ive-t issue scar. and that some of them, entering the 
Buengner's bands of the peripheral  segment,  terminated in bulbs of growth of different sizes. In the peripheral  
segment Waller ian degenerat ion of the fibers could be c lear ly  seen. In contrast to the experiments  in which the 
l imb was loca l ly  i r radia ted,  after i rradiat ion of the spinal cord, as also in the control animals ,  on the 18th day after 
the operation the processes of removal  of the products of disintegration were almost complete ,  and ovoids were visible 
in only a few fields. The conclusion that  the regenerat ive processes developed in the same manner in the injured 
peroneal  nerve as in the control experiments  was also drawn from a quanti tat ive analysis of the deyeloping neuroma. 
The differences between the mean values of the density and size of the neuroma in the exper imenta l  and control 
series were within the l imits  of natural variat ion (see table) .  

During the study of the morphological  picture of the i r radiated spinal cord and spinal ganglia (stained with 
thionine and toluidine blue by Nissl's method) no gross destructive changes were observed in the nerve cel ls .  When 
the peroneal  nerve was injured mechan ica l ly  24 h and 20, 60, and 170 days after irradiat ion,  isolated cells with 
moderate  chromatolysis in their cytoplasm were found in the anterior horns of the spinal cord. In this case the nuclei  
of the cells were slightly displaced towards the periphery.  In the cells of the spinal ganglia also signs of primary 
irr i tat ion were observed by Nissl 's method. Evidently these changes were not due to i r radiat ion,  but to the infl ict ion 
of mechanica l  injury to the peripheral  nerve, and they were the primary signs of the retrograde react ion usually ob- 
served following operat ive trauma to a peripheral  nerve. 

The absence of marked morphological  changes in the nerve cel ls  of the i r radia ted spinal cord and spinal ganglia ,  
and the fact that in these experiments  no inhibit ion of regenerat ive processes was observed in the divided peripheral  
nerve, cast doubt on the suggestion that after local  irradiation of a nerve in a dose of 3000 R the depression of regen-  
erat ive capaci ty  is due to injury to the axons. Depression of neuroma formation can be more probably at tr ibuted to 

depression of the regenerat ive  power of the auxi l iary tissue e lements  of the nerve trunk, the connect ive tissue and 
the Schwann syncytium. Injury to the 8chwann cells  is directly revealed by the depression of their phagocytic  ac -  
t ivi ty following irradiat ion of  the nerve, as ment ioned above.  

Injury to the connect ive- t issue components in the developing scar at  the site of injury may  be judged from the 
results of supplementary experiments in which double resection of the peroneal  nerve was carr ied out in the l imbs 
of animals  24 h after i r radiat ion in a dose of  3000 R. The first resection was performed at the usual p lace .  The 
second resection of the same nerve was carr ied out 1 cm proximal ly  to the first, in the region of the third trochanter.  
This operation made it possible to exclude growth of young nerve fibers in the region of the distal resection.  

Morphological  and quanti tat ive analysis of the regenerat ing nerve revealed a marked depression of the devel -  
opment of this process. The scar was reduced in size by an average of 58% on the 18th day under the influence of 
i rradiat ion.  Hence,  the proIiferation of connect ive  tissue, of which the regenerat ing nerve consisted almost  ent i re ly ,  
was depressed by the act ion of radiat ion.  
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All  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of  t h e  a b b r e v i a t i o n s  a s  g i v e n  in the  o r i g i n a l  R u s s i a n  j o u r n a l  S o m e  or  all  of th i s  peri-  

od i ca l  l i t e ra ture  may wel l  be  a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  t h i s  i s s u e .  
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