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The possibil i ty of using an India ink marking method to judge the state of wound healing was invest i -  
gated in different animals .  In adult ra ts  displacement of ink marks  applied around the wound edge ref lects  
in its general  features  the course of wound contract ion and the approximate position of newly formed t i s -  
sues. In newborn rats  and mice these p rocesses  cannot be judged f rom displacement of the marks  because 
ink marks  visible externally a re  located in the subcutaneous cellular t issue and the deep layers  of the co-  
rium, and these layers  of the skin are  only slightly affected by wound contraction. 

Some invest igators  studying regenerat ion of the skin have used India ink marking techniques. F rom 
an analysis  of the experimental  data we have concluded that the behavior of ink marks  in different animals 
shows certain special features,  and failure to pay due regard  to these may lead to ser ious mistakes when 
the results  are  analyzed. 

In the present  investigation the possibil i ty of using ink marking to investigate the healing of skin 
woundswas  studied in a ser ies  of mammals .  

Ink was injected into the dermis  of the animals either with two needles folded together or  with a 
needle f rom a syringe.  The marks  were placed 1-2 mm away f rom the wound edge. Animals selected for  
the experiments  included noninbred male albino rats  weighing 120-150 g, newborn noninbred albino rats,  
noninbred male albino mice weighing 20-22 g, noninbred female albino mice weighing 18-20 g, and male 
CC57Br mice weighing 18-20 g~ Altogether 216 adult rats,  435 mice, and 27 young rats  were used in the 
experiments.  Ful l - thickness  skin graf ts  were taken f rom the mid-dorsa l  region of all the animals.  The 
grafts were square or rectangular ,  with an area  of 2.25-25 c m  2 in the adult rats,  1-6.4 cm 2 in the mice, 
and 1 cm 2 in the newborn rats .  

The wound areas  were measured  at successive stages of the experiment.  Pieces of t issue were 
taken for  histological  analysis f rom the region of the defect and adjacent a reas  of intact skin at definite 
stages of healing. The mater ia l  was fixed in 12% formalin solution, passed through celloidin, and em-  
bedded in paraffin wax. The blocks containing pieces of skin embedded in paraffin wax were cut so that the 
section passed ver t ical ly  through the ink mark.  Histological sections 7-12 p in thickness were stained 
with hematoxylin-eosino 

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

The recent ink mark  consisted of a sloping channel passing through all l ayers  of the skin and reach-  
ing into the loose connective t issue of the subcutaneous fascia  (Figs. 1A and 2A). This channel was com-  
pletely filled with ink. It emerged on the skin surface where it formed a black dot (Fig. 3A). 

In the ear ly  periods of regenerat ion (3rd-4th day) in the rats  no ink was found in the surface epi-  
thelium. It lay as a heap of granules in the s t ra tum pilare of the skin immediately beneath the epithelium. 
An accumulation of ink was also observed in the loose connective t issue of the subcutaneous fascia, where 
it was ingested by proliferat ing macrophages,  gradually assuming the appearance of a black line directed 
toward the wound defect. In the other l ayers  of the skin individual ink granules were observed, scat tered 
at random. 
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Fig. I. Scheme showing displacement of ink granules in the eorium 
in the neighborhood of a wound in rats. A, Initial position; B, at the 
moment of wound closure; i) epithelium, 2) wound, 3) inner end of 
ink mark, 4) subcutaneous fascia, 5) collection of ink in upper layers 
of corium (outer end of ink mark); 6) collection of ink in subcutane- 
ous fascia (inner end of ink mark). 
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Fig~ 2. Scheme of d i sp lacement  of ink granules  in cor ium in ne igh-  
borhood of wound in mice  and newborn ra t s .  A, Ini t ia l  posi t ion;  B, at 
moment  of wound c losure ;  1) epi thel ium,  2) wound, 3) co l lec t ion  of 
ink in subcutaneous fasc ia  (inner end of ink mark) ,  4) subcutaneous 
fasc ia .  
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Fig. 3. Scheme of displacement of ink marks in rats and mice. A, in- 
itial position of ink marks in rats and mice; i) wound, 2) mark, B, po- 
sition of marks in mice and newborn rats near end of healing; 2) marks, 
3) scar, 4) initial position of marks; C, position of marks in rats near 
end of healing. 

On visua l  obse rva t ion  a col lec t ion  of ink was seen (lying i m m e d i a t e l y  beneath the epi thel ium),  and 
throughout the subsequent  pe r iods  of obse rva t ion  it r e s e m b l e d  an indis t inc t  dark  spot~ This spot g radua l ly  
moved toward the wound, which d iminished  in size,  indicat ing cont rac t ion  of the wound. 

The m a r k s  moved l e s s  in a c r an io - cau da l  d i rec t ion  than t r a n s v e r s e l y ,  indicat ing inequal i ty  of a p -  
p rox imat ion  of the wound edges in di f ferent  d i r ec t ions .  

In the case  under  examinat ion,  movement  of the m a r k s  re f lec ted  a c c u r a t e l y  the course  of the wound 
contract ion,  for  in adult  r a t s  the m a r k s  r ema ined  for  a long t ime in the upper  l a y e r s  of the co r ium next 
to the wound, and it was these  l a y e r s  which played an act ive  pa r t  in the wound cont rac t ion  p r o c e s s  [1, 2, 7]. 

Near  the end of healing, when a connec t ive - t i s sue  s c a r  had formed,  the m a r k s  came c l o s e r  to the 
wound edge, lying 1-3 mm away f rom it; s o m e t i m e s  this  d is tance  was g r e a t e r  (Figs.  113 and 3C). 

This a r r a n g e m e n t  of the m a r k s  in the l a t e r  s tages  of r egene ra t i on  may be explained as fol lows.  In-  
i t i a l ly  the marks  were  located in the skin i m m e d i a t e l y  next to the wound. This a r ea  of skin was involved 
in the act ive r e p a i r  p r o c e s s  ( in t e rca l a ry  growth). As a r e su l t  of this  p r o c e s s  the a r e a  of skin between the 
m a r k s  and the defect  i n c r e a s e d  in s ize  and the m a r k s  moved away f rom the edge of the defect .  In o ther  
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words ,  a sma l l  zone of "old" skin was a lways  p r e s e n t  between the s c a r  and the marks ,  which were  c l ea r l y  
v i s ib le  on the skin surface ,  and i ts  a r e a  va r i ed  cons ide rab ly  depending on va r i a t ions  in in tens i ty  of the 
i n t e r c a l a r y  growth [3-6]. 

Consequently,  the a r e a  contained between the ink m a r k s  cons is ted  not only of young t i s s ue s  f i l l ing 
the defect,  but a l so  of an a r e a  of intact  skin i nc r e a s i ng  in s ize  because  of i n t e r c a l a r y  growth. 

If a fu l l - th i ckness  skin graf t  extending down to the cutaneous musc le  was exc i sed  to include the wound 
defect  and adjacent  a r e a s  of skin, and it was examined on its inner  a spec t  by t r a n s m i t t e d  light, a col lec t ion  
of ink could be seen in i t  in the subcutaneous fasc ia ,  f rom which rad ia ted  black l ines  becoming th inner  as  
they came c l o s e r  to the defect  and became los t  in the s c a r .  The pa r t  of the mark  (or col lec t ion  of ink) l y -  
ing on the inner  sur face  of the skin has  been desc r ibed  as  the inner  end of the ink mark .  In r a t s  this  co l -  
lect ion of ink cannot be seen with the naked eye, because  of the compara t i ve ly  thick skin of adult  r a t s .  In 
ve r t i c a l  sec t ions  pass ing  through the ink l ines  rad ia t ing  f rom these  col lec t ions ,  a dense band of ink g r a n -  
ules  could be seen lying in the subcutaneous fasc ia ,  i t s  end extending into the deep l a y e r s  of the s c a r  t i ssue ,  
and in the e a r l i e r  s tages  of r egene ra t i on  into the deep l a y e r s  of young connective t i s sue  f i l l ing the defect .  
Some ink granules  were  found in the deep p e r i p h e r a l  a r e a s  of young connect ive t i s sue .  

Since the skin of mice and newborn r a t s  is  only between o n e - q u a r t e r  and one-f if th as thick as that  of 
adult  ra t s ,  the defect  caused by the needles  used for  inject ing ink into these  an imals  was much g r e a t e r .  
F o r  this r eason  a l a rge  quantity of ink spi l led  on to the skin sur face  with the blood and wound exudate soon 
a f t e r  i t s  in ject ion into the d e r m i s .  In the ea r ly  s tages  of r egene ra t i on  (3rd-4th day) no l a rge  co l lec t ions  of ink 
could be seen in the s t r a t um p i l a t e  of the skin, nor  were  they found in the sur face  epi thel ium.  A l a rge  co l -  
lect ion of ink was found only in the deep l a y e r s  of connective t i s sue  of the loose subcutaneous fasc ia .  

In mice  and newborn ra t s ,  because  of t he i r  th inner  skin, these  col lec t ions  of ink could be seen c l e a r l y  
with the naked eye over  long pe r iods  of observa t ion .  

These v i s ib le  col lec t ions  of ink were  e s sen t i a l l y  the inner  ends of the or ig ina l  ma rks .  In the course  
of heal ing of the skin, these m a r k s  became d i s to r ted ,  jus t  as in the ra ts ,  into thin l ines  (bands) d i r ec t ed  
toward the wound defect.  

Al l  the or ig ina l  co l lec t ions  of ink in the subcutaneous fasc ia  moved s l ight ly  during heat ing toward the 
wound for  equal d is tances ,  but they remained  a cons iderab le  d is tance  away f rom i ts  edges,  and in some 
cases  they r e m a i n e d  p r a c t i c a l l y  in t h e i r  o r ig ina l  pos i t ions  (Figs.  2B and 3B). This behav ior  of the m a r k s  
was evident ly  due to the fact  that wound cont rac t ion  affects  the subcutaneous fasc ia  and deep l a y e r s  of the 
cor ium only s l ight ly,  and d i sp lacement  of the ink marks  in this  case  cannot be used to judge the course  of 
wound contract ion,  or  the locat ion of the newly formed t i s sues ,  fo r  in such an ima l s  the a r e a  lying between 
the m a r k s  includes an extensive zone of intact  cor ium.  
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