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The problem of the regenerat ion of the neuroreceptor apparatus in the newly formed tissues of a skin wound 
is not only of theore t ica l  interest but is also of value for prac t ica l  medicine.  It is known that when various stimuli, 
mechanica l ,  thermal,  and chemical ,  act  on undamaged skin, various changes are observed in nerve e lements  lead-  
ing to reorganizat ion of skin innervation [2, 3]. Regeneration of the nerve structures in granulation tissue of a skin 
woundhas been studied without the effect  of a st imulator [1, 4]. We did not find in the l i terature any exper imenta l  
h is to logica l  works with testing of biogenic stimulators on regenerat ion of the nervous system of the skin. 

In the present work, we undertook to study regenerat ion of the peripheral  nervous system in the presence of 

penetrat ing wounds in rabbi t  ears under the effect  of the following biogenic stimulators: ASD preparat ion (Dorogov's 
ant iseptic  stimulant) fractions II and III, Borislav ozokerite,  and Dukor ozokeri te.  Dukor ozokerite,  manufactured in 
Belorussia, has not been used in therapeutic pract ice  and is investigated for the first t ime.  

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

Two penetrat ing wounds were made in each ear by a large me ta l  s tamp ( 7 - m m  in diameter) .  The following 
day we applied to the wound a 16% aqueous solution of ASD (II fraction), 18% ASD (III fraction on a base of cod-  
liver oil), Borislav and Dukor ozokeri te  with a temperature of 80" and as a 20% ointment  on minera l  oil.  The ex-  
posure was 30 rain. The effect  of the solvent of a given stimulator:  water, cod- l iver  oil ,  minera l  oiI,  was the con-  
trol  in each  series of experiments.  The regenerates of wounds not subjected to the effect  of the stimulator showed 
as the general  control for all  series of experiments.  In all,  we set up ten series of experiments.  

Biopsies of the wound (170) were made by a large stamp (12-mm in diameter)  at two pe r iods -a f t e r  15 and 
30 days. The mate r ia l  was fixed in a 12% solution of neutral  formalin and impregnated with silver nitrate by the 
technique of Bielschowsky-Gros and Campos as modified by Rasskazova. 

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

A study of the his tological  preparations of the near-wound areas of the skin made it possible to e l ic i t  that the 
skin of the rabbit  ear in the norm is innervated by nerve bundles consisting of medul la ted  and nonmedul la ted fibers 
with predominance of the latter which are mainly  accompanied by vessels and send out branches to al l  skin der iva-  
tives. At the base of  the ear are 8-10 nonmedulla ted nerve fibers surrounded by a rather wide common Schwann 
sheath which form powerful "cable"  systems. In the connect ive- t issue part of the skin, epidermis,  on the vessels, 
root sheaths, sebaceous glands are found only pr imit ive  receptors: in t raepi thel ia l  and dendr i t ica l ly  branched endings 
in the connective tissue, pr imar i ly  of a polyvalent  type. No encapsulated receptors were found. 

The degree of intensity of regenerat ion of nerve e l ements  in the various series of experiments was noted with 
consideration of the following indices: number of young nerve fibers with signs of regeneration,  cal iber  of the nerve 
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Fig. 1. In t raepi thel ia l  receptors in the form of 
pointed whisker-l ike endings in the newly formed 
epidermis.  Rabbit No. 4. Fif teen days regenera-  
t ion (after 12 applicat ions of 20% ointment  of 
D ukor ozokerite) .  Bielschowsky-Gros silver t ech-  
nique. Photomicrograph. Object ive 60• ocu-  
lar 15x.  

fibrils and bundles, density of their interweaving, depth of pene-  

trat ion of nerve e lements  into the regenerated tissue of the skin, 
branching and spat ial  distribution of terminals  in the connective 

tissue, epi thel ium,  hair bulbs, and on the vessels. 

In the control  experiments  (without the effect  of s t imula-  
tors) ind iv idua l (2 -3  in the preparation) very thin, short fibrils 
with growth bulbs or points were often found on the 15th day 
after infl ict ing the penetra t ing wounds in the young granulation 
tissue near  the old car t i lage  of the ear. Sluggish regenerat ion 
of individual  fibrils was noted in the control with the effect of 

the solvents of the biostimulators,  in part icuIar water. In the 
experiments  with the effect  of minera l  oil ,  and especia l ly  of 
cod- l ive r  oil,  regenerat ion of the nerve fibers was somewhat ac -  
t ivated in comparison with the control.  The number of solitary 
nerve fibrils increased slightly in the granulation tissue. In cer -  
ta in series we observed smal l  bundles consisting of 3-4 fibrils 
with a tortuous course. The nerve fibers with the growth bulbs 
sometimes branched into 1-2 short twigs. 

In the experiments  with the effect  of the biostimulators 
ASD (II, III fractions), Borislav, and Dukor ozokeri te  the process 

of regenerat ion was appreciably  enhanced 15 days after the op- 
eration, i .e. ,  the number of nerve e lements  increased and their 
morphology became compl ica ted .  In the specimens of the biop-  
sies obtained in the experiments  with the effect  of 15% ASD(II, 
III fractions), appl icat ions of Borislav ozoker i te  with a tempera-  

ture of 50 ~ and as a 20% oin tment  on minera l  oil ,  the number 
of nerve e lements  increased in the regenerat ing bundles. Along 
with the thin nerve fibers we found thickened fibers which ex-  
tended far from the distal  segment of the wound along the course 
of the prol i ferat ing cap i l l a ry - type  vessels under the newly formed 
ep i the l ium where, on branching, they formed free nerve endings. 

The appl ica t ion  Dukor ozokeri te  with a temperature  of 50 ~ and especia l ly  as a 20% ointment  lead to an even 
greater increase in the number of regenerat ing nerve fibers and their compl ica t ion .  Here, along with smal l  bundles 
of nerve fibers we found large nerve bundles pr imari ly  along the course of the vessels of the granulation tissue. Here 
and there, the thick nerve fibers in the granulation tissue branched dichotomously into 2-3 thin,long branches and 

penetrated the newly formed epi thel ium,  ending as pointed whisker- l ike terminals  in the surface layers of the epid-  

ermis (Fig. 1). Thus, on the 15th day postoperation in t raepi thel ia l  receptors were dis t inct ly noted only in exper i -  
ments with the effect  of Dukor ozokeri te .  

On the 30th day of the exper iment  regenerat ive  processes of the nerve e lements  were more strongly evidenced.  
The degree of regenerat ion of the nerve e lements  depended on the stimulators used, just as at the 15th day of the 
exper iment .  In the control  (without the effect  of stimulators) we could note nerve fibers of appreciable  length and 
thickness which singly or as smal l  bundles extended up to the newly formed epi the l ium and formed under the ep id-  
ermis a few pr imi t ive  short branches. In the preparations of the regenerates obtained in experiments  with the effect 
of water, no part icular  deviations were observed in comparison with that  described above. The number of nerve 
fibers and their ramif ica t ions  increased under the effect  of minera l  oi l  and cod- l iver  oil .  

Upon st imulat ion with preparat ion ASD (II and III fractions) and Borislav ozoker i te  we noted in the granulation 
tissue nerve fibers pr imar i ly  with pointed ends or curved loops. Here and there in the nerve fibers we c lear ly  noted 
neurofibri l lat ion.  Often immed ia t e ly  under the newly formed epidermis a few nerve fibers dendr i t ica l ly  ramifying,  
formed simple receptor endings which sometimes penetrated the newly formed epidermis.  In comparison with the 
regenerat ion processes of nerve e lements  in the above-descr ibed series of experiments,  these processes were no t ice-  
ably enhanced upon s t imulat ion with Dukor ozokeri te  with a temperature of 50 ~ and especia l ly  as a 20% ointment .  
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Fig. 2. Growth bulbs of regenerat ing nerve fibers in granuIation tissue of ear skin. 
a) Several  regenerated nerve fibers under newly formed epidermis.  Rabbit No. 12~ 
Thirty days regenerat ion (after 25 applicat ions of 20% ointment  of Borislav ozo ,  

kerite); b) numerous nerve fibers with growth bulbs. The branches of the fibers 
penetrate  the newly formed epidermis.  Rabbit No. 2. Thirty days regenerat ion 
(after 25 applications of 20% ointment  of Dukor ozokerite) .  Bielschowsky-Gros 
silver technique; Photomicrograph on comparison microscope. Object ive 40x,  
ocular 7• 

As a rule, in the granulation tissue we noted many new fibers of different cal iber.  Some of them were very thin, 
hardly noticeable,  or thick with well  evidenced growth bulbs, and others had characterist ics  meandering and a tend- 
ency toward mul t ip le  branching, penetrat ing the epidermis (Fig. 2). 

In the preparations of this series of experiments the in t raepi thel ia l  receptors were represented as mul t ip le  dense 
branches of thin nerve fibrils spread over cells  of the epidermis.  In certain preparations of this series we noted in 

granulation tissue regenerated hair bulbs around which were numerous nerve fibers with growth bulbs. 

Thus, repara t ion  of the nerve e lements  upon regenerat ion of the skin in experiments  with the effect  of bio-  
stimulators occurs more intensely quant i ta t ively and qual i ta t ively  in comparison with a l l  control  series of exper i -  
ments of the same period (on the 15th and 20th day). In this case, the newly formed nerve fibers grow pr imari ly  
para l l e l  to the vessels of the granulation tissue, developing as vascular izat ion progresses. The degree of regenera-  
t ion of the nerve e lements  in the connect ive-t issue part of the skin and epi the l ium under the effect  of various st im- 
ulators is different. The best regenerat ion was observed when we used Dukor ozoker i te  as a 20% ointment on min-  
era l  oil,  it was somewhat less pronounced under the effect  of 15% solution of ASD (II and III fractions) and Borislav 
ozokeri te  with a temperature of 50 ~ 
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