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In  a prev ious p ap e r we have described a m e th o d  for determ ining  th e  
differences in  th e  len g th  o f tim e  required  b y  w o u n d  healing (D évényi a n d  
Kellner, 4). T he m eth o d  is b ased  upon m easuring  th e  w ound area on th e  f ir s t  
an d  seven th  d ay s, and  observ ing  the  period of w o u n d  healing. Considering th a t  
changes in  th e  healing  process are due to  h isto log ical phenom ena occurring in  th e  
w ound, gross exam in a tio n  is unreliable if  it  lacks a  histological fo u n d a tio n . 
I t  was, therefo re , th o u g h t necessary  to  sub jec t th e  h ea ling  wound to  co n tin u o u s 
histological ex am in a tio n .

A g rea t n u m b er of au th o rs  have s tud ied , on  v a rio u s  objects, th e  h is to lo g y  
of w ound healing  in  general, and  th a t  of healing  u n d e r crusts in  p a r tic u la r  
( M archand , [11], Goldzieher an d  M akai, [8], L epeshinskaya, [10], A n itchkov , 
Volkova an d  Garsin, [1 ], H uzella , [9], Törő, [15] a n d  [16], Gaza, [6] a n d  [7], 
Verebêly [17], Polezhaiev, [12], Studitsky, [13]. A lth o u g h  these au th o rs  h av e  
described in  d e ta il th e  gross and  m icroscopic changes in  the ir chronological 
sequence, o n ly  few co n trib u tio n s deal w ith  th e  single histological p a tte rn s  
cha rac teris tic  of p a rticu la r , selected poin ts of t im e  ( Anitchkov  and  co-w orkers, 
[1], Lepeshinskaya, [10]). To s tu d y  th a t  p rob lem  w as th e  m ain p u rp o se  o f  th e  
p resen t experim en ts.

In  o rd e r to  o b ta in  th e  characteristic  h isto log ica l p a tte rn s  p re se n te d  by 
th e  healing  w ound a t  ce rta in  points o f tim e , w ou n d s were exam ined in  series 
of 10, a t 16 d ifferen t tim es. W hen in te rp re tin g  th e  histological find ings, special 
a tte n tio n  w as paid  to  th e  fo rm ation  of g ra n u la tio n  tissue and o f co nnective  
tissue fib res , fu r th e r  to  th e  function , s tru c tu re  a n d  change of the c ru s t. W e were 
successful in  observing several phenom ena th e  pub lica tion  of w hich  appears 
to  be a necessary  su p p lem en t to  existing lite ra ry  d a ta .

Methodology

T he ex p erim en ts  w ere perform ed on w hite  ra ts  o f b o th  sexes, w eighing fro m  130 g to 
150 g each. T he an im als w ere k e p t on a m ixed d ie t. T h e  w ounds were in flic ted  b y  th e  m ethod  
p rev iously  described (D évén y i—Kellner, [4]) and ex am in ed  a fte r  1, 2, 4, 8, 12, 18, 24, 36, 48 
hours an d  3, 5, 6, 7, 10, 12 an d  14 days, respectively . T h e  an im als were k illed  b y  b leed ing  to
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d e a th . The wounds w ere excised  together w ith  th e  sp in a l colum n, and  f ix e d  in  n e u tra l  form al
d eh y d e , Carnoy’s fix in g  f lu id , lead  ace ta te -fo rm ald eh y d e , and m ercu ry  b ich loride-alcohol. 
A f te r  em bedding in  p a ra ff in , serial sections 5 m ic ro n s th ic k  were m ade. S ta in in g  w as m ade w ith  
haem atoxy lin -eosin , m e th y l green  pyronin , W e ig e rt’s resorcin-fuchsin, H e id e n h a in ’s iron  haem a- 
to x y lin ,  to lu id in  b lue  (L yson), M asson’s trich rom e (m odified), M allory’s, v a n  G ieson’s, Feu lgen’s 
a n d  G iem sa’s sta ins : besides, Göm öri’s silver im p re g n a tio n  was also used. L ip o id s in  th e  tissues 
w ere  exam ined a fte r em bedd ing  in  gela tin  and  s ta in in g  w ith  Sudan III .  — A  to ta l  o f 160 an im als , 
in  10 series, were used  in  th e  experim ents.

Results

Skin excised from  th e  r a t ’s back  p re se n ts  th e  following lay e rs . (T heir en u 
m e ra tio n  was th o u g h t necessary  for co rrec t in te rp re ta tio n  of th e  h isto log ica l pic
tu re s .)  (i) Epiderm is, (ii) Corium , w ith  sk in  appendages, and , in  its  low er p a r t , 
ad ip o se  tissue. The q u a n t i ty  of th e  la t te r  d ep en d s on the n u tr itio n a l s ta te  of th e  
a n im a l, (iii) S tria ted  h o rizo n ta l derm al m uscle , (iv) l  oose connective tissu e  w ith  
n u m ero u s  capillaries, g roups of fa t cells, a n d  a g rea t num ber of b a so p h il h istio 
c y te s  around  the  vessels, (v) Fascia o f th e  b a c k  muscle.

T he firs t th ree  o f th e  above layers w ere  rem oved a t th e  in flic tio n  of th e  
w o u n d . The fo u rth  lay e r, th a t  of loose co n n ec tiv e  tissue, has th u s  fo rm ed  th e  
b a se  o f  th e  w ound in  ev e ry  case.

1st to 8th hour. T he f ir s t  changes are o f  a regressive ch a rac te r. T h e  t r a n 
se c te d  sk in  layers undergo  necrosis a t th e  edges o f  th e  w ound. The necrosis ex tends 
in  m o s t cases to  a m arg in a l h a ir follicle. T h e  ep ithelium  is sh rin k in g , its  cells 
a re  becom ing  pyknotic  a n d  s ta in  dark . The co llagen  fibres of th e  co rium  necro tize  
in  n a rro w  strips, th e  necrosis showing a f ib rin o u s  character. C oagu lative necrosis 
ca n  b e  seen a t the  site o f th e  tran sec ted  m uscles. A  zone of dem arcation  o f  v a ry in g  
w id th ,  consisting  of leu k o cy tes , delim its th e  n ec ro tized  parts . The loose connective  
tis su e  a t  th e  base of th e  w o u n d  undergoes o ed em ato u s swelling. A n e x u d a te  poor 
in  f ib r in  appears be tw een  th e  loosened a n d  to r n  fibres of connnec tive  tissue  
w h ich  a re  in filtra ted  ch iefly  b y  neu troph il g ranu locy tes. M inute a m o u n ts  o f 
e x tr a v a s a te d  blood, leu k o cy tes , a few ly m p h o cy tes  and  m acrophages a re  seen 
in  th e  neighbourhood o f  th e  congested vessels. S cattered  in  th e  cy to p lasm  
o f th e  m acrophages th e re  are  phagocy ted  red  b lo o d  corpuscles. P ro fuse  h aem o r
rh a g e  w as ra re . The w ound su rface  is coated  b y  a th in  crust consisting o f ex u d a te  
an d  a few  to rn  fibres o f connective  tissue.

8th  to 24th hour. The c ru s t is g radually  in c reasin g  in  am ount. A p a rt fro m  dried  
e x u d a te , i t  contains shadow s o f d isin teg ra tin g  ce llu lar and fib rous e lem ents 
(F ig . 2 A ). T he loosening o f  th e  base of th e  w o u n d  continues ; th is  is, how ever, 
no lo n g e r  sim ple oedem a, since b y  now a f ib rin o u s  netw ork  has ap p e a re d , w ith  
an  a rra n g e m e n t parallel to  th e  surface. The f ila m e n ts  of fib rin  sta in  w ith  p y ro n in  
f irs t  a  lig h t, la te r a b rig h t red , and  p resen t a  g ranular-flakelike s tru c tu re . 
M ingled w ith  th e  netw ork  o f f ib rin , rem nan ts o f  th e  loosened, to rn  u p  o rig in a l 
a rg y ro p h il fib rous netw ork  can  be observed (F ig . ЗА). A zone o f leu k o cy te s
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separates th e  secretion  from  th e  cru st. The place o f  th e  leukocytes in f iltra tin g  
th e  secretion  is ta k e n  m ore an d  m ore b y  m acrophages an d  lym phocytes. P e ri-  
vascu larly  basoph il h istiocy tes, to g e th e r w ith  free g ranules, orig inating  fro m  
th e ir  cy top lasm , can freq u en tly  he observed.

In  th e  cy top lasm  of m an y  m acrophages th e re  a re  vacuoles, m ostly  n e x t  to  
th e  nucleus, w hich  th e y  displace to  th e  side. O th er m acrophages con ta in  a dense

F ig . 1. F o rm a tio n  of »p lasm atic  nucleus«. A —C : D e n sif ica tio n  of diffuse n u c lear su b s tan ce  *n 
th e  cy top lasm  ; D — G : G lobules, in ten se ly  s ta in in g  w ith  nucleus sta ins, in  th e  c y to p la sm ; 
H  : E x tra c e llu la r  globule surrounded  b y  fa in t p ro to p la sm  (m eth y l g reen -pyron in , X 1600)

a rea , s ta in in g  d a rk  red  w ith  m e th y l green p y ro n in , and  m erging in to  th e  su r
ro u n d in g  cy top lasm  w ith o u t a d is tin c t m arg in . I n  o ther cells th is  den se  p a r t  
s ta in s  p u rp lish  or b lue, assum ing a spherical sh ap e  an d  stand ing  o u t d is tin c tly  
o f  th e  cy top lasm . I t  is su rrounded  b y  a fin e , p a le  halo. Developed to  th is  stage , 
th e  spheru le , w hich we have  te rm ed  » p lasm atic  nucleus«, stains in te n se ly  w ith  
nu c lea r dyes. The orig inal nucleus of th e  cell is m ore and more d isp laced  to  th e  
side, em bracing  in  th e  fo rm  o f a crescent th e  fu lly  developed » p lasm atic  nucleus« . 
T he spherule, m oving g rad u a lly  to w ard s th e  edge, of th e  cell, becom es, a t  las t, 
lib e ra ted  from  it. A fter th is , a sm all a rea  in  th e  m o ther cell, p re su m a b ly  th a t
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F ig . 2 . A  : W ound a fte r 12 h o u rs . Surface covered by  th in  c ru s t.  (T richrom e, X 3 7 0 ); В : W ound  
a f te r  48 h o u rs . P a rts  o f n ecro tized  corium  in th e  crust. B e n e a th  it ,  forw ard-creeping e p ith e lia l  
to n g u e . (H a em a to x v Iin-cosin , x  100) ; C : W ound a f te r  36 ho u rs . P a rts  of adipose tis su e  in  th e  
c ru s t. (S u d an  I I I ,  X 100) ; D : W o u n d  a fte r 5 days. C h a rac te r is tic a lly  s tra tified  c ru st. (T rich rom e, 
X 100) ; E  : W ound a f te r  1 d ay . B ifu rca tin g  e p ith e liu m . (H aem atoxylin -eosin , X 370) ; F  : 
W o u n d  a f te r  6 days. K e ra tin iz a tio n  of forw ard-grow ing e p ith e liu m  ; de tach m en t o f  c ru s t.

(H aem atoxy lin -eosin , X 100)
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Fig. 3 . A : W ound a fte r  1 day . D isin teg ra tio n  fibres and g ra n u la r ly  im p reg n atin g  f ib r in  in  the 
w ound ex u d ate . (G öm öri’s silv er im p re g n a tio n , X 370) ; В : W ound  a fte r  2 days. F in e  connective  
tissue fib res and  f ib rin  ne tw o rk  ; negative  to fibre  sta ins. (M allo ry , X l8 0 ) ;  C : W o u n d  a fte r 
2 days. P e riv ascu lar focus o f g ra n u la tio n  tissue. (T oluid ine  b lue , X iHO ); D : T he sam e w ith

G öm öri’s silver im pregnation
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f ro m  w hich the  sph eru le  o rig ina ted , s ta ins a  b r ig h te r  red  th a n  th e  re s t of th e  
cy to p la sm . The nucleus o f  th e  m other cell re ta in s  its  original s tru c tu re  from  firs t 
to  la s t .  W hile some o f th e  ex trace llu la r spheru les a re  naked , o thers are  su rro u n d ed  
b y  a  fine, pale, e llip tica l s tr ip  of cy toplasm . W e were no t able to  follow th e ir  
f u r th e r  evolution (F ig . 1. A —H ).

24th to 36th hour. T h e  w ound is covered b y  a th ick  c ru st th a t  s tan d s  out 
o f  th e  surface of th e  sk in . W e find  in its su b s ta n c e  no t only th e  above described 
e le m e n ts  b u t th e  n e c ro tic  an d  dem arcated  p a r ts  of the  w ound-edge as well 
(F ig . 2B ). The rich ly  v a sc u la riz ed  layer of ad ipose  tissue bulges ou t o f  th e  secre
t io n  in  varying degrees, a tta in in g  in  som e areas th e  lower edge o f th e  crust. 
I n  p rep ara tio n s s ta in ed  w ith  S udan  II I , iso la ted  g roup  of fa t cells m ay  be  observed 
in  th e  crust (Fig 2C).

T he epithelium  th ic k e n s  in  the  form  o f k n obs on th e  edges o f th e  w ound. 
A  p ro lifera ting , m a n y -la y e red  epithelial to n g u e  has grown o u t of i t ,  ex tend ing  
p a r t ly  to  the surface o f  th e  crust and p a r t ly  u n d e rn e a th  it  (Fig. 2E ).

T he epithelial to n g u e  u n d e r the c ru st re s ts  on a base m ade up  o f leuco
c y te s  an d  a mass of f ib r in , a n d  frequently  te rm in a te s  in  a broom like ram ifica tion . 
T h e  ep ithelia l cells are e lo n g a te d , th ey  s ta in  fa in tly , th e ir  in te rce llu la r substance 
is in d is tin c t, the  nucleo lus is sm all or m issing ; th e y  resem ble cells o f connective 
t is s u e . No k e ra tin iza tio n  o f  keratohyaline g ran u les  can be seen as y e t, no r are 
m ito tic  forms observab le . T h e  epithelial to n g u e  above th e  c ru st is o ften  loose, 
in f i l t r a te d  by  leukocy tes. I n  some places th e re  are  iso lated  groups o f epithelial 
ce lls  surrounded  by  leu k o cy te s . The ep ithe lium , grow n onto th e  su rface  of th e  
c ru s t ,  always p resen ts k e ra tin iz a tio n , its cells are  m arked ly  pyk n o tic .

48th hour. A p a rt f ro m  in filtra tio n  b y  m acrophages, iso la ted  foci of p ro 
l ife ra tin g  fibroblasts a n d  n ew ly  form ed capillaries can  be seen a round  th e  vessels 
o f  th e  ab u ndan tly  v a sc u la riz ed  layer of ad ipose tissu e  (Fig. 3C). Im p reg n a ted  
p re p a ra tio n s  reveal in  th e se  areas also new ly fo rm ed  argyrophil fib res, connected 
w ith  th e  vessels and  th e  ad ip o se  tissue (Fig. 3D ). T here are on ly  traces o f in te r
c e llu la r  ground su b s ta n c e  show ing m etach ro m asia  on s ta in ing  w ith  to lu id in  
b lu e . T he loosely s t ru c tu re d  exudate  im p reg n a tes  w ith  silver. A rgyroph ilia  is 
b o u n d  in  the  first place to  th e  rem nan ts of th e  d isin teg ra tin g  orig inal a rgyrophil 
f ib re  system  (Fig. ЗА). T h e  horizontally  a rran g ed  netw ork  o f f ib rin  im pregnates 
in  g ranu les. S tain ing acco rd in g  to  M allory a n d  v a n  Gieson revealed  th a t  th e  
n e tw o rk  although it  im p re g n a te s  w ith  silver, does no t possess th e  p roperties of 
f ib re s  (Fig. 3B).

T hird  day. Foci o f g ra n u la tio n  tissue a p p e a r , s itu a ted  in  chains along the  
a m p ly  vascularized la y e r  o f  adipose tissue. T h ere  is an abundance  of in tensely  
m e ta c h ro m a tic  in te rc e llu la r  g round substance  in  these  foci. T he n u m b er of 
a rg y ro p h il fibres has also increased . Newly fo rm ed  g ranu la tion  tissu e  is seen in 
b o th  edges of the  w o u n d  ; i ts  fibres show a v e rtic a l course (F ig. 5A). Being a 
d ire c t  continuation  o f th e  loose subm uscular connective  tissue, i t  is in  no w ay
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•connected w ith  th e  m ore cen tra lly  placed focal g ra n u la tio n  tissue. The surface 
■of th e  m arg inal g ran u la tio n  tissue is covered b y  ep ith e liu m  in  w hich signs of 
d iffe ren tia tio n  can be observed . T he basal layer has developed by  th is tim e , and  
k e ra to h y a lin e  granules, to o , are found  in  some sections. T he crust itse lf has an  
unchanged  aspec t as com pared  w ith  the  p receding  phase .

F ifth  day. The w ound  cav ity  is com pletely  filled  b y  g ranu lation  tissue. 
T he g ran u la tio n  tissue  a rran g ed  in  foci in  th e  cen tre  can n o t he d istinguished  
from  th e  v e rtica lly  a rran g ed  m arginal g ranu la tion  tissu e . The fibres are ly ing  
h o rizon ta lly  th ro u g h o u t th e  w ound, and th e  in te n se ly  m etachrom atic  in te r 
cellu lar g ro u n d  substance  is p resen t everyw here.

On th e  edges of th e  w ound  th e  surface of th e  g ran u la tio n  tissue is covered 
b y  ep ithe lium  of v a ry in g  w id th . The ep ithelia l to n g u e  is elongated , ta k in g  a 
wedgelike shape, an d  shows defin ite  kera tin iza tio n  in  its  th ick e r, m arginal p a r ts . 
T here  is no c lear-cu t borderline  betw een g ran u la tio n  tissu e  an d  crust in  th e  areas 
n o t covered b y  ep ithelium . Serous im bibition, fu r th e r  a n  in filtra tio n  com posed 
of m onocytes and  leukocytes, an d  also d isin teg ra tin g  fib res, are found in  th e  
u p p e r layer o f th e  g ran u la tio n  tissue, while in  th e  low er p a r t  of th e  c rust n e x t 
to  th e  g ran u la tio n  tissue th e re  are necrotic, b u t in  th e ir  contours still recogniz
able, rests o f g ran u la tio n  tissue  an d  rem nants o f fib res.

The en tire  surface o f th e  w ound is covered b y  th e  crust. W hile adhering  
■closely to  th e  g ran u la tio n  tissu e  in  the  centre of th e  w ound , on th e  edges above 
th e  forw ard-creeping  an d  horn ified  epithelial to n g u e  i t  shows a loose s tru c tu re .

The c ru s t consists o f ch aracteristic  layers (F ig . 2D ). O n its surface th e re  
is a  th in , hom ogeneous, desiccated  zone. Below th is , a b ro ad  hom ogeneous su b 
s ta n c e  is seen, w ith  th e  debris o f vessels and fib res, an d  som e groups of fa t  cells ; 
th is  is follow ed b y  a leukocy te  layer, and th en  b y  d e tach ed  fragm ents o f  cells 
an d  fib res em bedded  in  a hom ogeneous ground su b stan ce . The low est lay e r of 
th e  crust consists o f loose connective tissue im b ibed  w ith  serum , its in te rstices 
including  red  blood corpuscles and  m acrophages. T his lay e r passes im percep tib ly  
in to  th e  in ta c t, new ly form ed g ranu la tion  tissue. A t th e  tim e  w hen th e  c ru st 
to n ch es  th e  ex u d a te  no m ore, b u t has come in to  c o n ta c t w ith  g ran u la tio n  
tissu e , it is th e  nocrob io tic , necro tic  g ran u la tio n  tissu e , and  no longer th e  
leukocy tic  zone, w hich fo rm s th e  lowest layer.

S ix th  day. In  some o f th e  sections th e  su rface  is covered b y  th e  above 
described orig inal c ru st. T h e  horn ification  of th e  ep ith e liu m  causes, ju s t  as on 
th e  f if th  day , its  edges to  d e tach  them selves from  th e  base  (Fig. 2F), w hereas, 
in  o th e r sections, no c rust o f th is  ty p e  occurs. In  th e  cen tra l p a rts  uncovered b y  
■epithelium, a th in , new ly fo rm ed  crust conta in ing  d estro y ed  fibres, vessels an d  
•cell-debris appears, p roduced  b y  th e  necrosis o f  th e  upperm ost p a rts  o f  th e  
g ran u la tio n  tissue.

I t  was observed  in  prev ious experim ents ( D évényi—Kellner, [4]) th a t ,  in  
thé  course o f  th e  healing  o f w ounds inflicted  in  ra ts , a spontaneous change of
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c ru s t to o k  place betw een  th e  5 th  and  7 th  day . This phenom enon m ig h t explain  
th e  above  described tw o ty p es  of histo logical p a tte rn  no ticed  on th e  6 th  day .

W ith  a view to  clarify ing  th is  process, th e  c rust was rem oved  s h o r tly  before 
th e  6 th  day , the  a n tic ip a te d  tim e  of th e  change of crust. Sections, m ad e  one h a lf  
h o u r  a f te r  rem oval o f th e  c ru s t, revealed  necrosis in  th e  superfic ia l lay e rs  o f  th e  
g ra n u la tio n  tissue (F ig. 4A ). B y  th e  follow ing day , a new c ru s t, co n ta in in g  cell 
a n d  f ib re  debris, has developed  (Fig. 4B ). T he necrosis of superfic ia l layers was 
re s tr ic te d  to  th e  surface of g ran u la tio n  tissu e  no t y e t covered b y  e p ith e liu m .

F ig . 4 . W ound  surface a f te r  rem o v a l o f c ru st. A  : A fte r  h a lf  an  hour ; В : A fte r  1 d a y  ; wounds, 
a f te r  6 days. (H aem ato x y lin -eo sin , X 100)

Irrespective  of th e  cond ition  of th e  c ru s t, th e  en tire  w ound c a v i ty  appears 
to  b e  filled  w ith g ran u la tio n  tissue on th e  6 th  day . The fib res o f th e  g ran u la tio n  
tis su e  a re  arranged  para lle l to  th e  surface (F ig . 5B). The v ascu la r s tru c tu re  has 
no  d e fin ite  p a tte rn . E veryw here  a g rea t am o u n t of in tense ly  m e ta c h ro m a tic  
g ro u n d  substance occurs. Iso la ted  fa t cell g roups are found in  th e  g ran u la tio n  
tis su e , chiefly in  th e  low er layers.

7th day. The g ran u la tio n  tissue consists o f th e  following well d istin g u ish 
ab le  lay ers  (Fig. 5C), from  u p  to  dow n,

(i) A layer of loose fib re  w ith  v e rtic a lly  runn ing  vessels. T he fib res are 
s tr e tc h e d  out betw een  th e  vessels and  ru n  para lle l to  th e  surface.

(ii) A layer of ho rizo n ta lly  a rranged  coarse fibrous s tru c tu re  w ith  decreased 
a rg y ro p h ilia  and vessels w ith  v ary ing  courses.
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(iii) A lay e r of collageneous fib res w ith  h o rizo n ta lly  running  vessels an d  
sca tte red  g roups of m in u te  fa t  cells.

(iv) A  lay e r o f norm al loose suprafascial connective  tissue.
M etach rom atic  g round  substance  is found  in  th e  tw o upper layers on ly ,

its q u a n tity  be ing  sm aller th a n  on th e  6 th  day .

Fig. 5. A : W ound  a f te r  3 days. V e rtica lly  a rranged  g ra n u la tio n  tissue in the  corner o f  th e  
w ound cav ity . (T richrom e, X 49) ; В : W ound a fte r  6 d ays. H o rizo n ta l argyrophil f ib ro u s  n e t
work. (G öm öri’s silv er im p reg n a tio n , X 180) ; C : W ound a f te r  7 days. G ranu lation  tis su e  w ith  
ve rtica lly  ru n n in g  vessels. (T o lu id in  b lu e , X 180) ; D : W o u n d  a f te r  12 days. C ollagenous fib res .

(H aem atoxylin -eosin , X 180)

The m a jo r ity  o f  th e  cases p resen t a lte ra tio n s  ch arac teris tic  of th e  change 
of crust th a t  has ta k e n  p lace on th e  surface. T he th in  crust is com posed o f  
necrotized  g ra n u la tio n  tissue , and  ex tends to  th e  u nep ithe lized  areas on ly . T h e
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e p ith e lia l  tongue, g row n fo rw ard , adheres in  its  whole ex ten t to  th e  m a tu re  
g ra n u la tio n  tissue. T he su rface  is covered b y  h o rn y  epithelium , an d  in  th e  upper 
la y e rs  kera tohya line  g ranu les occur.

10th , 12th and 14th days. The lay ers  o f  th e  g ranu la tion  tis su e  becom e 
in c re a s in g ly  in d is tin c t (F ig . 5D). The a m o u n t o f cellular su b stan ce  a n d  th e  
r ic h n e ss  of v ascu la riza tio n  decrease, th e  w alls  o f  th e  rem aining vessels becom e 
th ic k e r  or, in  some places, undergo hyaline  degenera tion  ; th e  f ib ro u s s tru c tu re  
b ecom es denser, an d  g rad u a lly  assum es a co llagenous character. T he g ran u la tio n  
t is s u e  o f  th e  w ound c a v ity  can  be sh a rp ly  d istingu ished  from  th e  co rium  even 
o n  th e  14 th  day  ; th e  accessory  organs o f th e  sk in  cannot be tra c e d  in  i t .

I n  p a r t  of th e  w ounds exam ined, th e ir  en tire  surface w as covered by  
e p ith e liu m  on th e  14 th  d ay . K e ra tin iza tio n  causes th e  crust to  becom e loose and , 
t  h e n , to  de tach  itse lf. T he borderline be tw een  th e  epithelium  and  th e  connective 
t is s u e  o f th e  ep ithe lized  w ound is s tra ig h t ; i t  has no p ap illa ry  s tru c tu re . 
I n  a n o th e r  p a r t o f th e  w ounds, com plete ep ith e liza tio n  h ad  n o t y e t developed 
b y  th e  14 th  day.

Discussion

Morphological changes, characteristic o f particular po in ts of tim e

M ethods are av a ilab le  w hich, w ith  th e  a id  o f a m athem atica l fo rm u la , allow 
to  in fe r  th e  degree o f h ea ling  from  th e  size o f  th e  w ounded area a n d  th e  d a te  of 
h e a lin g . ( Carrel an d  N o u y  2 ; Dévényi an d  K ellner  4). All of these  m e th o d s  lack , 
h o w ev e r, a histological background .

H isto logy  rev ea led  th a t  ch a rac te ris tic  m orphological p a tte rn s  are  bound 
to  c e r ta in  definite po in ts  o f tim e.

(i) On th e  2nd  d a y  o f  th e  healing p rocess, th e re  are p erivascu la rly  a rranged  
foci o f  fresh  g ran u la tio n  tissue a t the  base  o f  th e  w ound, con ta in ing  som e m eta- 
c h ro m a tic  in terce llu lar g ro u n d  substance  a n d  a  th in  argyrophil n e tw o rk .

(ii) On the  7 th  d ay , th e  g ranu la tion  tis su e  shows a num ber o f well d is tin 
g u ish ab le  layers, in  th e  u p p erm o st o f w hich a  tran sv ersa l, loose n e tw o rk  o f  fibres 
c a n  be  betw een th e  v e rtic a lly  runn ing  vesse ls .

W e consider th ese  tw o histological p ic tu res charac teristic  o f th e  2nd, 
re sp e c tiv e ly  th e  7 th  d a y  since in  th e  series ex am in ed  th e y  occurred  reg u la rly  on 
th o s e  days. These tw o  m orphological d a ta , in  con junction  w ith  th e  p rev iously  
d esc rib ed  p lan im etric  m e th o d , are, in  o u r op in ion , su itab le for be in g  em ployed 
as a  te s t  for de te rm in in g  th e  degree of h ea lin g . This com bined te s t  appears to  
b e  w ell su ited  for th e  seria l exam ina tion  o f  substances w hich p ro m o te  healing, 
b e c a u se  i t  allows n o t o n ly  o f gross o b se rv a tio n  b u t  offers also th e  possib ility  of 
ex am in in g  th e  h isto log ical occurrences, a n d  fu r th e r , because it  requ ires a  lim ited  
n u m b e r  of anim als fo r th e  histological ex am in a tio n .
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W e Avant to  m ake i t  d is tin c tly  understood  th a t  th e  m ethod  has been  ap p lied  
in  th is  fo rm  to  ra ts  on ly , an d  w ith  ju s t  a chosen size o f  w ound . I t  is well conceivab le  
th a t  a m orphologically  d ifferen t p icture  w ould be o b ta ined  if  we w ere to  
ap p ly  it  to  th e  healing  process in some o th e r an im al species. This possib ility  
seem s to  be confirm ed b y  th e  investigations o f  A nitchkov  e t al. [1] w ho, w hen  
observ ing  w ound healing  in  c a ttle , rab b its  an d  h u m a n s , found  the m ech an ism  
of healing  to  depend  on th e  s tru c tu re  of th e  skin .

D ifjerent ways o j karyogenesis in  the exudate o j the wound

I t  is generally  believed th a t  p a r t of th e  ce llu la r elem ents of th e  w ound- 
ex u d a te  orig inates from  th e  b lood, while an o th e r p a r t  o f i t  is being su p p lied  b y  
th e  m obilized  cells o f th e  neighbouring  connective tissu e  w hich w ander in to  th e  
w ound  cav ity .

Lepesliinskaya  [10] traces karyogenesis b ack  to  th e  granules p ro d u ced  b y  
th e  decom position  o f b lood. She th in k s the  granules are  phagocyted  b y  m ig ra tin g  
cells ; these, in  th e ir  tu rn , change in to  basoph il h is tio cy tes , which, w hen  d is
in teg ra tin g , give rise to  liv ing granules. She o bserved  every  possible t r a n s i to ry  
form  from  tin y  granules to  lym phocytes.

O bservations m ade b y  Törő [16] showed th a t  m ig ra tin g  cells, p h ag o cy tin g  
red  b lood  corpuscles, w ere transfo rm ed  in to  h is tio cy tes . O n the  o ther h a n d , he 
d id  n o t see lym phocy tes to  be form ed from  granu les produced  a fte r th e  d is 
in teg ra tio n  of h istiocy tes. A ccording to  Toro, e x ten s iv e  klasm atosis occurs in  
tissue cu ltu res, resu ltin g  in  th e  genesis o f m in u te  Feulgen-positive g lobules o f 
cy to p lasm  w hich co n ta in  nuclear substance. I t  cou ld  no t y e t been asce rta in ed  
w h e th e r th e y  are d e tach ed  cell fragm ents or form s o f  cell-grow th. T hey  co n ta in  
an  am ple am o u n t of ribonucleic acid, and  th is  seem s to  p o in t ra th e r  to  a sy n th e tic  
process.

The conclusion to  be d raw n from  these in v es tig a tio n s  is th a t,  while som e o f 
th e  cells in  th e  secretion  m ay  have m igra ted  in to  th e  healing  wound, o thers m u s t 
have developed locally.

E xam in ing  w ounds in  an  early  phase o f th e  hea lin g  process, we observed  a 
d iffe ren t fo rm  of karyogenesis. We saw the  diffuse n u c lea r substance, as co n ta in ed  
in  th e  p lasm a of v acu o la ted  m acrophages, to  condense w ith  increasing p y ro n in o - 
ph ilia  ; th is  process o f condensation  produces a k in d  of spherically  sh ap ed  
n uc lear m a tte r , i. e. th e  so-called »plasm atic nucleus« , w hich is highly sensitiv e  to  
nu c lea r sta in s; d e tach in g  itse lf  from  th e  rest of th e  cy to sp lasm , it f ina lly  becom es 
lib e ra ted . The free globule is freq u en tly  su rro u n d ed  b y  protoplasm . A lth o u g h  
we h ad  no o p p o rtu n ity  to  observe th e  su bsequen t developm ent of th e  n u c lea r 
s tru c tu re  in  these  globules, we assum e th a t  th e y  develop  in to  genuine cell.

This process o f cell b ir th  is, on the  whole, in  ag reem en t w ith the  n eokaryo - 
genesis observed  in  th y m u s cu ltures b y  Törő  [15]. H isto log ical m ethods in  th e m 

4  Acta Morphologica IV/4.
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se lves are, how ever, insu ffic ien t for de fin ite  conclusions to  be d ra w n  in  th is  
re sp e c t.

W e did  n o t en co u n te r e ither p rofuse haem orrhage or phagocy tosis  in  th e  
m a te r ia l .  On th e  o th e r h a n d , we were ab le to  observe cellular in f il tra tio n  and  
b a so p h il h istiocytes in  ev e ry  case. The b aso p h il h istiocytes, these  well know n 
cells o f  th e  r a t ’s sk in  (Sylvén , [14],) fre q u e n tly  d isin tegrated  in to  granules. 
W e cou ld  observe th e  tran sfo rm a tio n  o f m acrophages into basoph il h istiocy tes, 
o r  th e  developm ent o f new  cells from  th e  g ranu les by  the  d is in teg ra tio n  o f th e  
b a so p h il histiocytes.

Fibrillogenesis and the fo rm a tion  o f granulation tissue

A ccording to  H uzella  [9 ], m ere physica l fac to rs  m ay cause f ib ro u s s tru c tu re s  
to  a rise  from  th e  w o u n d -ex u d a te , h u t, on th e  o th e r  hand, th e y  m a y  b e  p roduced  
also  b y  th e  im m igra ting  cells investing  filam en ts  of fib rin  w ith  a secretion  
w h ich , a fte r so lid ification , changes th em  in to  connective tissue fib res . Törő  [16] 
assu m es th a t  fib res m ay  arise on th e  surface o f  healing  w ounds, as i t  is here  th a t  
p h y s ic a l forces come in to  full d isp lay  a n d  fib ro b lasts  are th e  la s t  to  ap p ear. 
A cco rd in g  to  Lepeshinskaya  [10] and  Törő  [16 ], i t  is possible for fib res  to  develop 
fro m  blood  and  ex u d a te , b o th  of these co n sisting  of living m a tte r . Lepeshinskaya  
o b se rv ed  g ranu lar precollagen  in w ounds o f 3 hours, and hom ogeneous, colla- 
geneous fib res in  tho se  o f 5 hours. She p resum es th a t  fib rin , w hich  f i r s t  ex ists in  
th e  sol form , becom es a gel, to  tu rn  th e n  in to  precollagen, an d  su b seq u en tly , 
a f te r  in tensive  h y d ra tio n , in to  collagen. Sylvén  [14] considers th e  in te rce llu la r 
m e ta c h ro m a tic  su b stance , appearing  s im u ltan eo u sly  w ith  fib ro b las t p ro life ra tio n , 
to  re p re se n t th e  g round  substance  of th e  f ib ro u s  system . As m en tio n ed  before, 
A n itch ko v  e t al. [1] ho ld  f a t ty  tissue to  b e  th e  source of g ra n u la tio n  tissue. 
A cco rd in g  to  th em , th e  f a t ty  tissue d isap p ears  in  p roportion  to  th e  g row th  of 
g ra n u la tio n  tissu e ; th e  w ound cav ity  is filled  gradually  b y  th e  upw ard  
p ro life ra tin g  young  g ran u la tio n  tissue . T h e  u p p er p a rts  becom e n ecro tized , 
w h ile  in  th e  deeper layers g radual sy m p to m s of m a tu ra tio n  can  b e  observed .

A w are of th e  above d a ta , we p a id  a t te n tio n  to  fibrillogenesis in  th e  course 
o f  h ea lin g . W e ex am ined , f ir s t  o f all, w h e th e r a  d irect tra n sfo rm a tio n  o f f ib rin  
in to  fib re s  takes p lace . I t  w as found  th a t  in  a  v e ry  early  phase (w ith in  48 hours), 
w h e n  th e  connective tissu e  has no t y e t b eg u n  to  proliferate, th e  f ib r in  netw ork , 
d isp lay in g  a h o rizon ta lly  a rran g ed  fib re-like  s tru c tu re , im pregna tes w ith  silver. 
I t  w as, how ever, also fo u n d  th a t  a rg y ro p h ilia  is m ostly  confined  to  destroyed  
f ib re s  le ft over from  th e  orig inal g round tissu e , found in th e  in te rs tic e s  o f th e  
f ib r in  netw ork , w hereas fib rin  itse lf im p reg n a tes  g ranularly . B y com paring  our 
specim ens im p reg n a ted  w ith  silver and  th o se  s ta in ed  w ith  o th e r dyes (M allory, 
V an  Gieson); it  becom es clear th a t  in  th e  secre tion  only d is in teg ra tin g  fib res  s ta in
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a d e q u a te ly  (blue an d  reddish-yellow , respective ly ), whereas th e  f ib r in  netw ork  
s ta in s  a b righ t red  w ith  M allory’s dye an d  yellow w ith  V an  G ieson ’s stain . 
In  la te r  phases, reg u la r fib re  s tru c tu re s  occur only in  p ro lifera ting  
g ra n u la tio n  tissue. W e are  o f th e  op in ion  th a t  th e  g ranular a rg y ro p h ilia  of the 
fib rin -n e tw o rk  does in  no w ay  in d ica te  th e  change of fib rin  in to  f ib re .

O u r investigations have show n th e  r ich ly  vascularized co n n ec tiv e  tissue, 
c o n ta in in g  fa t cells an d  found  a t  th e  base  o f  th e  w ound, to  be th e  so u rce  o f  the  
g ra n u la tio n  tissue w ith  w hich  th e  c a v ity  o f th e  w ound is f illed . T h is layer 
undergoes oedem atous loosening a t  an  e a r ly  stage, and arches o u t  in to  the  
w o u n d  cav ity . I ts  p ro life ra tion  begins in  perivascu lar foci. D ev e lo p m en t of 
fib res  w as found to  be b ound  to  th ese  foci of g ran u la tio n  tis su e , and 
th e  n u m b e r of fib res to  increase in  p ro p o rtio n  to  the  q u a n t i ty  o f g ra 
n u la tio n  tissue. The process s ta r ts  a t  th e  base of th e  w ound  ; filling  th e  
w o u n d  cav ity  b y  degrees, i t  pushes th e  secretion  upw ards, w h ich  la tte r , 
to g e th e r  w ith  th e  u p p e rm o st lay e r o f g ran u la tio n  tissue, loses i ts e lf  in  th e  crust 
in  th e  course of healing. S im u ltaneously  w ith  th e  f irs t signs o f p ro life ra tio n , th e  
m e ta c h ro m a tic  g round  su bstance  ap p ears . This substance increases, to g e th e r 
w ith  th e  q u a n tity  o f a rgy roph il fib res, in  p rop o rtio n  to  th e  in c reas in g  prolife
ra tio n , an d  disappears du ring  th e  period  o f collagenization.

Significance o f the crust. Spontaneous change of crust

P ro tec tin g  th e  w ound  ag a in st ou tside  ir r ita tio n , the crust m a y  c o n tro l th e  
g ro w th  o f  ep ithelium  an d  serve as a c id tu re  m edium  for p ro life ra tin g  tissues. 
(T ö rő  [16], Anitchkov  e t al. [1]. This m u tu a l re la tionsh ip  was fo rm erly  h e ld  to  have 
a b io logical significance, assum ing th a t  g row th-prom oting  substances arise  from  
th e  d e te rio ra tin g  tissues. (W ound horm one, necrohorm one, trep h o n e , desm one.) 
E x am in in g  these m ateria ls , D avidson  [3] em phasized  th a t,  th o u g h  th e ir  ex istence  
has n ev er been defin ite ly  p roved  an d  none o f th em  has been chem ically  c h a ra c te 
rized , one m ay  still conclude to  th e ir  ex istence . Lepeshinskaya  [10] h a s  th ro w n  
an  e n tire ly  new light on th e  biological sign ificance of d e terio ra ting  tis su e , s ta tin g  
th a t  th e  d estruc tion  o f cells involves th e  genesis o f living m a tte r , liv in g  p ro te in , 
w hich, indep en d en tly  o f th e  cells, m ay  give rise  to  new stru c tu res .

T he spon taneous change of c ru s t, sy stem atica lly  observed b y  u s  an d  in 
re sp ec t o f  w hich we h av e  found  no d a ta  in  th e  lite ra tu re , has been  p ro v e d  b y  our 
in v es tig a tio n s  to  be a g row th  p ro m o tin g  fac to r . The original, th ic k , r ig id  c rust 
fixes th e  edges of the  w ound  an d  keeps th em  a p a rt. I t  is p robab le  t h a t ,  from  a 
ce rta in  p o in t of tim e onw ard , it  p resen ts  no longer a su itable m ilieu e i th e r  to  the  
ep ith e liu m  or the  connective tissue . A fte r th e  d e tach m en t of th is c ru s t  th e  w ound 
c o n tra c ts , and  a new c ru s t, considerab ly  sm aller th a n  the  orig inal, is fo rm e d  on 
th e  u nep ithelized  w ound surface. I t  is m ade up  o f necrotized g ra n u la tio n  tissue.

4 «



4 6 0 I .  D É V É N Y I and L . H O L C Z IN G E K

E p ith e liu m  grows ra p id ly  u n d e r  the fresh c ru s t. T h e  im m ediate  cause o f  th e  
sp o n tan eo u s  change o f  c ru s t  is the k e ra tin iza tio n  o f  th e  m arginal ep ithe lium . 
W e tra c e  the  dw indling o f  th e  w ound  back to  th e  sh rin k a g e  and  the  accom panying  
e x s icca tio n  after th e  ch an g e  o f  crust, though i t  is conceivable  th a t  a co n trac tio n  
o f  th e  fib re  netw ork in  th e  g ran u la tio n  tissue is also  as a factor in  th e  process.

Epithelization

A ccording to  th e  l i te r a tu r e ,  regeneration o f  th e  ep ithe lium  begins im m ed ia 
t e ly  a fte r  the w ound h as  b e e n  inflicted (A n itch ko v  a n d  co-workers [1], D u n n , 
G liickm an  and Tansley  [5 ]. T örő  [16]) observed th e  ep ithe lium  to  creep fo rw ard  
w i th  a peculiar, collective m o v em en t. No m itoses h a v e  b een  found in the  fo rw ard- 
c re e p in g  epithelium . In  c o n n ec tio n  w ith th e  e a rly  ep ith e lia l proliferation , a cer
t a i n  im portance m u st b e  a t ta c h e d  to the fa c t t h a t  th e  necrosis of th e  w ound  
ed g es  extends, as a ru le , to  a  h a ir  follicle. T here e x is ts  a  re la tionsh ip  betw een  th e  
h a i r  follicle and the  k n o b b y  th ickening of th e  m a rg in a l epithelium  from  w hich  
th e  ep ithe lia l tongues grow  o u t  like feelers. I t  m a y  b e  assum ed th a t,  a p a r t from  
th e  superficial ep ithe lium , ep ith e lia l cells o f th e  h a ir  follicle m ay also p la y  som e 
p a r t  as a source o f p ro life ra tin g  epithelium . O u r ow n observations w ere in  
a g reem en t w ith those o f  A n itch ko v  et al. [ l ] i n  t h a t  th e  epithelium  grows te m p o 
r a r i ly  on  to  every possible su rface . This seems to  b e  confirm ed  by  th e  fac t th a t ,  
in  th e  early  stage of th e  h e a lin g  process, th e  e p ith e liu m  spreads b o th  over an d  
u n d e r  th e  crust. Such e p ith e lia l  tongues perish , how ever, in  every case. T h e ir 
a d h e s io n  does not becom e d u rab le  unless th e ir  b a se  consists of m atu re  g ra n u 
la t io n  tissue. F u n d a m e n ta lly , th e  same holds t r u e  in  respect of the  g ran u la tio n  
t is su e , th e  superficial la y e rs  of which are d e s tro y e d  as long as th e y  rem ain  
u n co v e red  by ep ithe lium .

I t  can be seen fro m  th e  above th a t th e  h ea lin g  o f  wounds resu lts fro m  a 
d y n a m ic  in terac tion  o f  g ra n u la tio n  tissue, e p ith e liu m  an d  crust.

Sum m ary

T he m orphological c h an g es  occurring under th e  c ru s t  d u rin g  w ound healing  h av e  been  
e x a m in e d  in 160 w hite ra ts . O n  th e  second day a fte r in f lic tio n  o f th e  w ound, c ircu m scrib ed  foci 
o f  g ra n u la tio n  tissue w ere fo u n d  a t  th e  base of the  w o und  ; on  th e  seventh day, re g u la r  lay e rs  
o f  g ra n u la tio n  tissue w ere o b se rv ed , and the upperm ost la y e r  co n ta in ed  v e rtica lly  ru n n in g  vessels. 
W e  consider these h isto log ical p ic tu re s  to be ch arac te ris tic  o f  these  two days.

Together w ith  our q u a n t i ta t iv e  tes t, th is h isto log ical te s t  is ,in  our o p in io n ,su itab le  for the  
d e te rm in a tio n  of the  degree o f  h e a lin g .

W e observed th e  p h en o m e n o n  of a change o f c ru s t  to  tak e  place in the  course o f  th e  
h e a lin g  process ; th is h ap p en s o n  th e  5 th  to 7th day , as a ru le . A fte r  hav ing  cast off th e  c ru s t,  th e  
w o u n d  becomes sm aller, an d  a n e w  cru st is form ed, c h ie fly  from  th e  necrotized superfic ia l p a r ts  
o f  th e  granulation  tissue.

The phenomenon o f n u c le a r  genesis was observed on  a n  e a r ly  phase of the  h ealin g  p rocess . 
D en sified , the diffuse n u c le a r  su b s tan ce  of the cy top lasm  fo rm s a  so-called »plasm atic  nucleus«
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w h ich  becomes lib e ra te d  from  the  cell. A f a in t  rim  of cy top lasm  is form ed a round  th e  e x t r a 
c e llu la r  body.

According to ou r find ings, the  d ev elo p m en t of connective tissue  fib res  is hound  to  fo c i o f 
g ra n u la tio n  tissue.
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НОВЫЕ ДАННЫЕ К МОРФОЛОГИИ ЗАЖИВЛЕНИЯ РАН ПОД’ КОРКОЙ 

И. Девеньи и Л. Хольцингер 

Р е з ю м е

Мы исследовали заживление кожных ран у 160 белых крыс., в 16-и стадиях, начи
ная от одного часа после нанесения раны до 14 дней. Характерная морфологическая 
картина наблюдалась на второй и на седьмой день. Мы установили, что на дне раны обра
зование грануляционной ткани начинается на второй день в виде периваскулярных 
очагов. Эти отдельные очаги расширяются и в конце концов, — сливаясь, — выполняют 
раневую полость. В седьмой день в грануляционной ткани отмечается закономерная 
слоистость, характерными являются вертикальные сосуды, расположенные в верхнем 
слое. Описанные гистологические картины являются характерными для упомянутых 
дней, и мы считаем эти картины на ряду с описанной нами-же пробой - надежным 
гистологическим показателем степени заживания.

Во время заживания поверхность раны покрыта коркой. В 5 7 дней вследствие 
ороговения продвигающегося эпителия связь корки с дном раны разрыхляется. После 
этого рана уменьшается в размере и на поверхности еще не покрытой эпителием, образуется 
новая корка. Эта корка состоит из поверхностной некротизированной части грануля
ционной ткани.

В 12- 36 часах мы наблюдали в раневом секрете явление образования новых 
ядер. В макрофагах разлитое ядерное вещество протоплазмы собирается в ограниченном 
участке и образует т. н. »плазматическое ядро«. Последнее становится шарообразным и 
выбрасывается из клеточного тела. Вокруг выброшенного таким путем образования 
возникает светлая кайма из протоплазмы.

Образование соединительно-тканных волокон происходит исключительно в очагах 
грануляционной ткани и количество этих волокон возрастет параллельно с грануляцион
ной тканью.
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