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The effect  of a l lo -oc imene ,  one of the carotenoid polyenes,  which s t imulate  me tabo l i sm  in vivo 
and are  act ive agents  p romot ing  normal iza t ion  of trophic d i s tu rbances ,  on the healing of ex-  
pe r imen ta l  soft  t i ssue wounds by second intention was studied. Al lo-oc imene  inc reased  the 
intensi ty  of heal ing p r o c e s s e s  in skin and sk in -musc l e  wounds, in some c a s e s  shor tened the 
t ime requ i red  f o r  comple te  healing, had an an t i in f lammatory  action on the wound and ne ighbor-  
ing zones,  abolished or reduced  edema,  hype remia ,  lacerat ion,  and h e m o r r h a g e ,  and prevented 
the development  of mani fes ta t ions  of acute inf lammat ion.  The methods  of quanti tat ive analys is  
of these e f fec ts  of a l lo -oc imene  used in these expe r imen t s  provide a method of evaluat ing i ts  
benef ic ia l  action on t issue nutr i t ion in the course  of wound healing.  
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In connection with p r o g r e s s  in the study of nonspecif ic  s t imulat ion as a therapeut ic  fac tor  and the con-  
nected p r o b l e m s  of neurot rophic  influences in su rge ry  [4-8,  14] the possibi l i ty  of using subs tances  of biogenic 
na ture ,  name ly  carotenoid  polyenes,  which pos se s s  high biological  act ivi ty and are  f r ee  f r o m  toxic action, for  
therapeut ic  pu rposes  is  in te res t ing  [1, 3]. 

The carotenoid  polyenes,  one of which is a l lo -oc imene ,  have cons iderable  activity in the p resence  of 
t rophic d i s tu rbances  [1, 3]. Al lo-oc imene  has  an analgesic  and an t i in f lammatory  action [1, 9, 15], i t  abol ishes  
the e f fec ts  of h i s tamine  [2] and acetylcholine [3],  it r e v e r s i b l y  blocks the e f fe ren t  and r ecep to r  function of the 
sympathe t ic  ganglion [12] and the na tura l  e l ec t r i ca l  act ivi ty of s enso ry  and moto r  f ibe r s  [11, 13], and it can 
induce cen t ra l  r e f l ex  r e s p o n s e s  through its  action on the r e c e p t o r s  of the  sympa the t i c  ganglion. The compound 
is nontoxic and is effect ive in the r e l i e f  of pain and the co r rec t ion  of trophic d i s tu rbances  in eye d i s ea se s  
[1, 9, 15]. 

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

In chronic e x p e r i m e n t s  on 18 male  r abb i t s  weighing 2.5-2.7 kg 330 observa t ions ,  las t ing up to 21-72 days 
on dif ferent  individuals,  were  made on the course  of heal ing of skin and sk in -musc le  wounds under the influence 
of 0.025-0.05% solutions of a l lo -oc imene .  Fu l l - th ickness  p ieces  of skin m e a s u r i n g  1 • 2 cm 2 were  r e m o v e d  
for  this purpose  f r o m  s y m m e t r i c a l  r eg ions  of the animal '  s back, and in some expe r imen t s  l inear  incis ions of 
equal  length a lso  were  made in the f a sc i a  cover ing  the musc le  and the f i r s t  layer  of musc le .  In some ex p e r i -  
men t s  the conditions of wound heal ing were  de l ibe ra te ly  aggrava ted  by inc reas ing  the initial a r e a  of the wound 
and by making  fur ther  l inear  incis ions in the m u s c l e s  compa red  with the control  wound. After  r e m o v a l  of 
these p ieces  of skin, 0.025-0.05% colloidal  solutions of a l lo -oc imene  in water  and ethanol,  in which the ethanol 
concentra t ion was 2.5%, made up when r equ i red  were  applied to one of the wounds (exper imental ) ,  whereas  the 
solvent  alone, name ly  a 2.5% aqueous solution of ethanol,  was applied to the other (oontrol) wound. The cotton 
swabs soaked with the appropr ia t e  solut ions were  changed at in te rva ls  of 15-30-45 mIn during the daily per iod 
of observat ion  las t ing 6-8-10  h. For  quantitative a s s e s s m e n t  of changes in the s tate  of the wounds in the course  
of healing,  p l an ime t ry  of the whole wound, of its open pa r t ,  and of the zone of edema  of the edges was ca r r i ed  
out on the expe r imen ta l  and control  wounds~ In addition, the a r e a  of the healed pa r t  of the wound or the r e l a -  
tive a r e a  of the healed pa r t  in per  cent (I) and the dec r ea se  in a r e a  of the total  and open pa r t s  of the wound, in 
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Fig. 1. Changes in a reas  of experimental  Stex (b} and control St c (a} wounds, their edematous 
zones SRex (f) and SR c (e), and values of relat ive decrease  in a rea  of experimental  wound NSt (c} 
and edematous zone N R (d) respec t ive ly  relat ive to control  (in %) during course  of wound healing. 
Experin~ental wound treated with al lo-ocimene,  control  wound with its solvent (2.5% ethanol solu- 
tion}. Abscissa,  time (in days}; ordinate, a reas  of experimental  and control  wounds and of their 
edematous zones, and values of re lat ive decrease  in a rea  of experimental  wound and of edematous 
zone respec t ive ly  relat ive to control  (in %). 

Fig.  2. His togram of distribution of differences (Z~) in a reas  of control  and experimental  wounds 
(in %) by number of cases  in all experiments .  Abscissa ,  intervals  of differences (A = S c - Sex) 
in a reas  of control  and experimental  wounds (in %); ordinate: t o p -  number of cases  (frequency) 
of changes + A, where S c > Sex (in go); bottom - number of cases  (frequency) Of changes --A, 
where S c < Sex (in go). 

per cent, relat ive to the corresponding areas  of the control  wound, i.e., their relat ive decrease  in per cent on 
a given day of observation (Nst) , were calculated. This last  index was determined by the equation in [10, 16] �9 

St c -- Stex 
Nst = - i00. 

St c 

This equation also was used when the a reas  of edema of the edges of the experimental  and control wounds were 
measured  at a par t icular  moment.  Quantitative analyses  of the indices in this way enabled the effect  of al lo- 
ocimene on wound healing to be analyzed under dynamic conditions, No antibiotics or sulfonamides were used. 

Certain clinical  fea tures  of the state of the wounds and neighboring zones also were taken into account: 
hyperemia,  macerat ion,  hemorrhage ,  the presence of pus, necrot ic  t issue,  granulation tissue, and areas  of 
epithelization; the time of f i r s t  appearance of epithelization of the wound and the corresponding time of the be-  
ginning of scar  format ion also were noted. 

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

In 12 cases  the experimental  wounds healed 1-12 days before the control  wounds (average 5 days}, about 
15% of the total time of healing of the control  wound. Under the influence of a l lo-ocimene the healing process  
was intensified. This was ref lected in a decrease  in area  both of the whole wound (St) and of its component 
par ts ,  the a rea  of the open par t  of the wound (Sz} and the a rea  of edema of the wound edges (SR), and also in 
an increase  in the index (Nst) of re la t ive decrease  in a rea  of the experimental  wound, in per cent, compared 
with the control  at the same moment  in the overwhelming major i ty  of cases  (Fig. D, Comparison of the posi-  
tive and negative par ts  of the h i s togram (Fig. 2} shows that healing took place more  effectively in the exper i -  
mental  than in the control  wound. It is important  to note that this proper ty  of a l lo-ocimene was still  observed 
even when more  severe  conditions had previously been deliberately assigned for healing of the experimental  
wound than of the control,  so that the inf lammatory react ion of the experimental  wound was more  severe  than 
in the control  and was accompanied by considerable edema of the wound edges, hyperemia ,  and so on. These 
resu l t s  could indicate that under the more  severe  conditions a l lo-ocimene was able to st imulate healing of the 
experimental  wound more  actively than when the conditions were the same as in the control. 
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Fig. 3. Difference in intensi ty of heal ing by second intention of expe r imen ta l  (a) and con-  
t rol  (b) sk in -musc l e  wounds on rabbi t '  s back (15th day af ter  operat ion),  a) Exper imen ta l  
wound: st i l l  unhealed a r e a  can be seen (in center) ,  surrounded by wide borde r  of ep i the-  
l ization, around which growth of new ha i r s  can be seen; b) control  wound, not yet healed, 
consis t ing en t i re ly  of a region of h y p e r e m i a  and suppuration,  much g rea t e r  in a r e a  than 
the expe r imen ta l  wound, and with no zone of epithel izat ion.  

Observa t ions  of the cl inical  f ea tu res  of wound heal ing showed that a l lo -oc imene  reduced  or prevented the 
appearance  and development  of i n f l ammato ry  changes in the wound and neighboring zones. For  instance,  
whereas  only weak signs of inf lammat ion accompanied  by sl ight vasodi la ta t ion of the m i c r o v e s s e l s  in the r e -  
g ionof thewound  were  obse rved  on the 1st day in the expe r imen ta l  wound, the intensity of the m i c r o c i r c u l a t o r y  
d i s tu rbances  and their  durat ion were  much g r ea t e r  in the control  wound. A c h a r a c t e r i s t i c  fea ture  of the m o r e  
m a r k e d  inf lammat ion in the control  wound was the appearance  of a focus of inf lammat ion and its  sp read  over  a 
cons iderable  a r e a  into zones border ing  on the wound, and in some ca se s  changing into a stage of acute suppura -  
tive inf lammat ion.  The no rma l  r egu l a r  pa t tern  of reduct ion in the a r e a  of the epi thel ized control  wound during 
the per iod of s ca r  fo rmat ion  ( a s y m m e t r i c a l  shape) also was observed.  

Abolition or weakening of edema  of the wound edges  by a l lo-oc imene  also could be demons t ra ted  by the 
same  methods  of compara t ive  quantitat ive ana lys i s .  Fo r  instance,  the p a r a m e t e r s  re f lec t ing  the dec rea se  in 
a r e a  of edema  of the edges  of the e x p e r i m e n t a l  wound re l a t ive  to the control  were  ma in ly  posi t ive and f r e -  
quently high in value (Fig. 1). 

AI Io -oc imene  thus i n c r e a s e s  the intensi ty  of heal ing of skin and sk in -musc l e  wounds, i .e. ,  i n c r e a s e s  the 
intensi ty  of r e g e n e r a t i v e  p r o c e s s e s  in these wounds compared  with the control  (Fig. 3); in some ca se s  it a lso  
shor tens  the t ime r equ i red  for  complete  epi thel izat ion of wounds compared  with the control  in the same  animal .  
The methods  of quanti tat ive analys is  of these e f fec ts  of a l lo -oc imene  used in this invest igat ion enable the bene-  
f ic ial  ef fect  of the compound on t issue nutr i t ion in the course  of wound heal ing to be es t imated .  
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