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Healing of skin wounds on the tail and head of ra ts  ends with the formation of regenerated 
a reas  which differ f rom the connect ive- t i ssue  sca r  ar is ing as the resul t  of healing of skin 
wounds on the dorsum of the ra t s  by the a r rangement  of the hair  s t ruc tures  and, in thecase  
of defects of the tail  skin, by the formation of hair  foll icles.  

For  the experimental  study of p rocesses  taking place during regenerat ion of the skin in labora tory  
animals (rats, mice,  rabbits) ,  wounds are  usually inflicted on the skin in the dorsa l  region. Most invest i -  
gators consider  that a connect ive- t i ssue  sca r  is formed at the site of the defect and that it remains  inthis 
form without changing into skin with the typical s t ruc ture  [2, 5-7, 9]. However, other workers  who have 
studied regenerat ion of the skin on the concha auriculae of rabbits and on the head in mice [1, 3, 4, 8] found 
an a rea  of regenera t ing  t issue at the site of the defect which resembled to some extent normal  skin in its 
s t ruc ture .  Completeness of regenerat ion of the skin evidently depends on the site of the defect. It is t he re -  
fore important  to know whether differences exist in wound healing depending on the site of the defect in 
the animals most  commonly  used for experimental  purposes,  namely ra ts .  

The object of the investigation descr ibed below was to compare  the healing of skin wounds on the 
head and tail of ra ts .  

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

The experimental  animals were 64 noninbred male albino rats  weighing 150-180 g. Ful l - thickness  
square pieces of skin measur ing  1 cm 2 were removed f rom the scalp over the vault of the skull of half of 
the animals (ser ies  I). Ful l - th ickness  square pieces of skin measur ing  0.75 cm 2 were  taken f rom the tail  
of the other half of the animals,  1 cm away from its base (series II). Before removal  of the skin, the place 
of the future wound was marked with ink 0.5-1 mm away f rom its edge. All manipulations on the animals 
were  ca r r i ed  out under ether anesthesia.  The a rea  of the wounds, and later  the a reas  of the epithelized 
sur faces  of the defects,  were measured  at success ive  t imes of healing. Pieces of t issue were taken for 
histological  analysis  f rom the region of the wound and adjacent a reas  of intact skin on the 6th, 11th, 20th, 
and 40th days and 5 months af ter  the operation in the experiments  with head wounds and on the 17th day 
and in the 2nd, 3rd,  and 7th months af ter  the operation in the experiments with tail wounds. The reason 
for the later  t imes of investigation in the la t ter  case  was the slower rate of heating of the wounds by c o m -  
par ison with wounds of the scalp.  

The pieces of t issue were  taken through celloidin and embedded in paraffin wax. Sections, 7-9 ~ in 
thickness,  were  stained with hematoxyl in-eosin and orcein.  

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

Healing of the scalp wounds took place under a thin scab. The concentr ic  contract ion of the wound 
margins  was well marked.  The mean area  of the wound on the 6th day after  the operation was 0.34 cm 2 
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Fig .  1. V e r t i c a l  sec t ion through defect  of skin of the 
t a i l  17 days a f t e r  opera t ion .  Hematoxy l in -eos in ,  
200 •  

Fig .  2. V e r t i c a l  sec t ion  through c e n t r a l  pa r t  of de -  
fect  on skin of the ta i l  2 months a f te r  opera t ion .  
E a r l y  s tage  of development  of ha i r  fo l l i c l e s ,  h e m a -  
toxy l in -eos in ,  200 • 

(or ig inal  a r e a  of the wound 1.1 cm2). Complete  ep i the l iza t ion  of the su r face  of the defect  occu r r ed  10-12 
days a f t e r  the operat ion.  By the 12th day the mean a r e a  of the ep i the l ized  su r face  of the defect  was 0.24 
c m  2 . 

L a t e r  the a r e a  of the ep i the l ized  su r f a c e  of the wound r ema ined  v i r t u a l l y  unchanged. The epi the l ized  
su r f ace  was s t r e t ched  along a l ine p a r a l l e l  to the long axis  of the head. Ink marks  were  1-1.5 mm away 
f rom the edge of the ep i the l ized  su r face  of the wound defect .  

The wounds on the t a i l  healed under  a thick scab .  Epi the l iza t ion  of the defect  was comple te  by the 
16th-18th day a f t e r  the opera t ion .  The mean a r e a  of the ep i the l ized  sur face  at this t ime  was 0.68 cm 2, 
i . e . ,  t he re  was v i r t ua l l y  no con t rac t ion  of the wound. However ,  by  the 30th day a f te r  the opera t ion ,  the 
ep i the l ized  su r f ace  of the wound defect  had shrunk and i ts  mean a r e a  was now 0.28 cm 2. The label  was 1 
mm away f rom the edge of the defect .  I n  other  words ,  con t rac t ion  of the wound took p lace  a f t e r  comple te  
ep i the l iza t ion  of the defect .  The mean a r e a  of the epi the l ized  sur face  of the defect  3 months a f t e r  the op-  
e ra t ion  was 0.19 cm 2, and no fu r the r  con t rac t ion  took place .  The ep i the l ized  su r face  was s t r e t ched  p e r -  
pend icu la r ly  to the long axis  of the ta i l .  

His to log ica l  s tudy of the m a t e r i a l  showed that  on the l l t h  day a f te r  wounding on the head the defect  
was f i l led with young loose  connect ive t i s sue ,  cons i s t ing  of c e l l s ,  thin f i b r i l s ,  and numerous  di la ted  blood 
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Fig.  3. V e r t i c a l  sec t ion  through d e -  
fect  in skin of the s ca lp  5 months 
a f t e r  opera t ion .  Hematoxy l in -eos in ,  
200 • 

v e s s e l s .  The mean th ickness  of the young connect ive  t i s s u e  was 
760 ~. The epi thel ium cover ing  the young connect ive t i s s u e  con -  
s i s t ed  of 5-6 l a y e r s  of ce l l s ;  i ts  mean th ickness  was 43 p ( th ick-  
ness  of intact  epi the l ium 21 p).  

S i m i l a r  p ic tures  as r e g a r d s  the s t r u c t u r e  of the t i s s ue s  
f i l l ing  the defect  were  obse rved  in wounds on the ta i l  17 days a f -  
t e r  the opera t ion .  The epi the l ium cover ing  the defect  cons i s ted  
of 12-13 l a y e r s  of c e l l s ;  i t s  mean th ickness  was 175 ~ ( thick-  
ness  of the intact  epi thel ium 56 #).  The young connect ive t i s sue  
f i l l ing  the defect  a l so  cons i s t ed  of thin f i b r i l s ,  c e l l s ,  and di la ted 
blood v e s s e l s  (Fig.  1). The mean  th ickness  of the young connec-  
tive t i s sue  was 680 #.  

On the 20th day a f t e r  the opera t ion ,  the young connect ive 
t i s sue  in the skin defect  on the head became  condensed and con-  
s i s t e d  of f ib r i l s  a r r a n g e d  mainly  p a r a l l e l  to the su r face  of the d e -  
fect ,  and c e l l s .  The f ibe r s  fo rmed  in t e r s ec t i ons .  The mean 
th ickness  of the young connect ive t i s sue  was 410 ~. 

The epi thel ium cove r ing  the defect  cons i s t ed  of 4 or  5 l a y -  
e r s  of ce l l s ;  i ts  mean th ickness  was 31 ~. Thickening and con -  
densat ion  of the f ibrous s t r u c t u r e s  in the zone of the defect ,  c o m -  
pa red  with the p reced ing  per iod ,  we re  observed  40 days a f t e r  the 
opera t ion .  In a l l  l a y e r s  of the defect  the f ibe r s  were  in terwoven.  
The th ickness  of the epi the l ium and young connect ive  t i s sue  were  
v i r t ua l l y  unchanged c o m p a r e d  with the previous  per iod .  

In defects  on the t a i l  2 months a f t e r  the opera t ion ,  the young connect ive t i s sue  cons i s t ed  of f ibe r s  
and c e l l s .  Blood v e s s e l s  a r r a n g e d  mainly  v e r t i c a l l y  r e l a t i ve  to the su r face  of the defect  were  v i s ib le  in i t .  

The epi the l ium cove r ing  the defect  cons i s t ed  of 7 or  8 l a y e r s  of ce l l s  and i ts  mean th ickness  was 
88 ~. Unlike the epi the l ium cover ing  the defect  on the head i t  fo rmed pro jec t ions  into the under ly ing young 

connect ive  t i s s u e .  

In 3 of the 7 an ima l s  s a c r i f i c e d  for  h i s to log ica l  inves t iga t ion  at  th is  t ime  speci f ic  ep i the l ia l  down- 
growths could be  found at  the cen t e r  of the defect .  In t r a n s v e r s e  sec t ions  the ce l l s  in these  downgrowths 
were  a r r a n g e d  in c i r c l e s .  Desquamated  ce l l s  were  v i s ib le  ins ide  these fo rmat ions .  The ep i the l ia l  f o r m a -  
t ions were  sur rounded  by a thin outer  m e m b r a n e  (Fig.  2). These  downgrowths were  r e g a r d e d  as ea r ly  

s t ages  of development  of ha i r  fo l l i c l e s .  

The young connect ive t i s sue  in the skin defects  on the head 5 months a f t e r  the opera t ion  cons i s t ed  of 
in te rweav ing  f ibe r s  and s ingle  ce l l s  (Fig.  3). In the deep l a y e r s  of the defect ,  thin e l a s t i c  f i b r i l s  were  seen. 
The mean  th ickness  of the young connect ive t i s sue  was 650 ~ ( thickness of the intact  d e r m i s  810 p).  The 
epi the l ium cove r ing  the wound defect  cons i s t ed  of 4 or  5 l a y e r s  of ce l l s ;  i ts  mean th ickness  was 29 # 
( thickness of the intact  epi the l ium 19 ~). No fo rmat ion  of ha i r s  or  glands was found in the r e g e n e r a t i n g  

t i s sue .  

The epi the l ium c o v e r i n g  the wound was s t i l l  h y p e r t r o p h i e d  3 and 7 months a f t e r  fo rma t ion  of the d e -  
fect  of the t a i l .  It cons i s t ed  of 6 or  7 l aye r s  of ce l l s  and i ts  mean th ickness  was 68 ~ ( thickness of the in -  
t ac t  ep i the l ium 54/~). In some  p laces  shor t  ep i the l ia l  downgrowths into the under ly ing  t i s s u e  w e r e  found 
(at a l l  t imes  marked  depos i t ion  of ke ra t in  was observed  above the epi thel ium).  

The f ibrous  s t r u c t u r e s  f i l l ing  the defect  were  in terwoven in the upper  l a y e r s .  However ,  in the deep 
l a y e r s  of the wound defect  the f ibers  were  main ly  a r r a n g e d  p a r a l l e l  to the su r face  of the defect .  The mean 
th ickness  of the young connect ive t i s sue  was 770 ~ ( thickness of the in tac t  d e r m i s  820 ~), i . e . ,  it  was s i m i -  

l a r  in th ickness  to the n o r m a l  d e r m i s .  

It follows f rom these  expe r imen t a l  r e s u l t s  that  the hea l ing  of skin  wounds on the head and ta i l  of r a t s  
d i f fe r s  in c e r t a i n  of i ts f ea tu re s .  C l o s u r e  of the defect  in the sca lp  took p lace  m o r e  r ap id ly  than c l o s u r e  
of the defect  in the skin of the t a i l ,  de sp i t e  the fact  that  the defect  on the sca lp  was l a r g e r .  Contrac t ion  of the 
wound on the sca lp  ended when ep i the l iza t ion  of the  defec t  was comple te ;  con t rac t ion  of the wounds in the 
t a i l  skin,  on the other  hand, began and continued for  a l ong t ime  a f t e r  comple te  epi thel iza t ion of the defect .  
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As the outcome of regenerat ion of the skin on the head and tail of the ra ts ,  a reas  of imperfect ly  r e -  
generated skin were  formed.  At the same t ime,  they differed from the typical  s ca r  formed at the site of a 
skin defect on the dorsum of rats  in the a r rangement  of the hair  s t ruc tures  and in the appearance of single 
hair  follicles (in regenera t ing  tail skin). Despite the long periods of observation on healing of compara t ive -  
ly smal l  skin wounds on the tail and head of the ra ts ,  it is evident that the regenera t ive  p rocesses  in the 
skin defects were not completely  at an end. 
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