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A ccording to  M axim ov  [ 1 8 ] ,  R yzhikh  [ 2 4 ] ,  Friberg  e t al. [ 8 ] ,  m a s t 
cells are of m esenchym al origin, w ith d istinc t o n to g en y  of their own, as w ell 
as w ith  specific m orphologic properties. T heir fu n c tio n , according to  the p re v a le n t 
opinion, is tw ofold, viz. (i) P roduction  of the g ro u n d  substance of co nnec tive  
tissue ; (ii) H eparin  p roduction .

Staemmler [ 2 6 ] ,  Sylven  [ 2 7 ]  and H ansen  [ 1 0 ]  concur in cred iting  th e  
m ast cells w ith  th e  p ro duc tion  o f the ground su b s ta n c e  of connective-tissue. 
Sylven’s investiga tions in to  th e  num ber, localization  an d  granule c o n te n t o f 
m ast cells in g ran u la tin g  w ounds revealed, on th e  f ir s t  d ay  of healing, an  in ­
crease in  th e  n um ber of m a s t cells around the  vessels, g iv ing  place a t a la te r  s tag e  
to  th e  appearance  of th e  g round  substance, w ith  a concurren t d im in u tio n  o f  
th e  n um ber of m ast cells. A ccordingly, n u m erica l decrease of m ast cells, 
fo rm ation  of th e  m etachrom ic  ground substance  an d  proliferation of f ib ro ­
b lasts  occur sim ultaneously  a t  th e  same site.

T he c red it for th e  dem onstra tion  of h ep arin -p roduc ing  ac tiv ity  in  m a s t 
cells m u st go to  Jorpes, Holmgren  and W ilander  (13). The chemical n a tu ie  o f  
heparin  was f irs t  de te rm ined  by  Jorpes (15), th e n  b y  Jorpes and Jaques  [ 14 ]. 
I t  is one of th e  su lphuric acid  esters of m ucopolysaccharides, being a p o lym er o f 
d i-and  tri-su lphuric  acids, w hich yield, upon h y d ro ly sis , glucosamine an d  g lucu ­
ronic acid. S ubsequen tly  i t  was found th a t  sev era l forms of h ep arin  e x is t, 
w ith  th e ir  biological ac tion  and  m olecular w e ig h t v a ry in g  over a w ide ra n g e . 
M arbet and  W interstein  [ 1 7 ]  arrived at th e  sam e conclusion and succeeded  in  
iso la ting  a form  (/1-heparin), which, a lth o u g h  chem ically  i t  corresponds to  
chondro itin  su lp h a te , h ad , on th e  streng th  o f i ts  biological action, to  b e  assig­
ned to  th e  heparin  class.

Holmgren  and  W ilander [1 1 ]  regard th e  m a s t cells as th e  site  o f h ep a rin  
storage and , p robab ly , fo rm ation . H eparin  is p re se n t in  the  cells in  th e  form  
o f m etach ro m atic  g ranules. Ju len , Snellm an a n d  Sylven  [1 6 ]  found  th e  m eta- 
chrom atic  substance  in  th e  in te rg ran u la r m icrosom e fraction  and so d id  Friberg , 
G raf and  Aberg [ 8 ] .  Zollinger [2 8 ] , on th e  c o n tra ry , considers th e  g ran u les  as 
m itochondria  a ltered  in  consequence of h ep a rin  storage. They do n o t consist
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o f  heparin  p roper, b u t  of a w ater inso luble , fram ew ork capab le  o f swelbng in  
w h ich  the  hepa in  i deposited . W hile corroborating  the  p resence  o f heparin 
in  th e  m ast cells, H orváth  [ 12 ] is led  b y  th e  consideration th a t  th e  granules 
u n v is ib le  in  th e  n a tiv e  s ta te  consist o f a toluidine b lu e-heparin  p rec ip ita te  
d ev e lop ing  on th e  ac tio n  of to lu id in  b lue . P a f f  and Bloom  [ 22 ] observed  th a t  
e x p la n te d  m ast cells released a m e tach ro m a tic  substance id en tica l w ith  heparin . 
W ith  th e  p roduction  of heparin  th e  m a s t cells have been found  to  degenerate  
a n d  even perish.

Though the  h ep arin  p  oduction of m a s t cells would ap p ear to  be  a separate  
p ro cess  from  th e ir p ro d u c tio n  of g round subs ance, some au th o ritie s  conjecture  
a  connection . H ansen  [ 1 0 ]  believes th a t  th e  m ast cells a re  responsib le  for 
p ro d u c in g  the h ya lu ron ic  acid precurso r, w hich  is iden tical w ith , o r closely 
re la te d  to , heparin . M orrione  [21 ] claim s fo r heparin  a share in  f ib re  fo rm ation  
o n  th e  evidence th a t  in  vitro i t  p rec ip ita te s  fib res in collagen so lu tio n s. Ba'.i 
a n d  F urth  [ 2 ]  are  of th e  view th a t  h ep a rin  is concerned in  m a in ta in in g  the  
co n n ec tiv e  tissue in  its  sem iliquid gel s ta te  an d  b y  so doing p ro m o tes  cell m i­
g ra tio n .

O u r investigations to  be discussed below  followed the d u a l line o f inqu iry  
in to  th e  v ariab ility  of th e  num ber of m a s t cells and, concu rren tly , in to  th e  
v o lu m e  and  localization of g round substance  in  th e  granulation tissu e  o f  healing 
w o u n d s . F our series of experim ents were ca rried  out, each on a g roup  of 10 
w h ite  ra ts , ranging in  w eigh t from  150 to  180 g. B y  a m ethod describ ed  earlier 
(D évén y i-Kellner, 5), a c ircu la r w ound of 1 sq. cm. was in flic ted  on th e  back  
o f  e ach  an im al. On each  of th e  f irs t 10 day s one r a t  was killed b y  ex san g u in a ­
tio n , a n d  the  whole of th e  w ound em bedded in  paraffin  after f ix a tio n  in  lead- 
a c e ta te  form aldehyde. O f th e  m axim um  d ia m e te r  we prepared in co m p le te  serial 
sec tio n s  5 Ц th ick , w hich w ere sta ined  w ith  a 0.1 per cent aqueous so lu tio n  of 
to lu id in  b lue.

A s a control digestion w ith  hyalu ron idase  (H yalurase, K őbánya P h a rm a c e u ­
t ic a l  W o rk s, B udapest) w as perform ed in  a -p H  4.1 acetate b u ffe r so lu tion  
c o n ta in in g  15 U hyalu ron idase  per m l and  in c u b a te d  a t 37° C over a p e rio d  of 
18 h o u rs .

O u r findings concerning th e  site  of m a s t cells in  the  no rm al r a t ’s skin 
co in c id e  w ith  Sylven s [ 2 7 ]  an d  R iley 's  [ 23. ] T he num ber and site  of th e  m ast 
cells v a r y  w ith  each d e rm al layer. T hey  are  o f sporad ic  occurrence am o n g  th e  
co llagen  fib res  of the  derm is an d  in  th e  connective  tissue s tru c tu re  o f  th e  skin 
m uscle , w hile in  the  loose, h ig h ly  vascular a n d  f a t  cell-containing su p rafasc ia l 
co n n ec tiv e  tissue and  in  th e  subcu taneous f a t ty  tissue  th ey  are p re se n t in  fa r 
g re a te r  n um bers. (The volum e of subcu taneous f a t ty  tissue varies w ith  th e  
n u tr i t io n a l  condition of th e  p a rticu la r an im al). T he m ast cells in  th e  loose 
co n n ec tiv e  tissue and th e  adipose tissue w ere fo u n d  to  group them selves d is ­
t in c tly  a ro u n d  blood-vessels. T he w ound base in v a ria b ly  consisted o f th e se  tw o
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tissue layers, which we took  care to  preserve undam aged  w hen excising th e  
w ound. M ast-cell counts w ere perfo rm ed  over th e  en tire  w ound area  an d  as 
deep dow n as the  fascia of th e  dorsa l muscles.

T he num ber of m ast-cell in  th e  w ounds u n d e r te s t varies w ith in  a w ide 
range. D iscrepancies betw een  coun ts m ade a t  specified in tervals w ere in  som e 
cases as g rea t as 100 to  150 p er cen t. The dev ia tions are traceab le  p a r t ly  to  
in d iv id u a l differences and  p a r tly  to  th e  v ariab le  volum e of adipose tissue . 
T he ta b le  below shows the a rith m etic  m eans of successive m ast cell coun ts, inclusive 
of th e  s ta n d a rd  deviation . S ta n d a rd  deviation  from  th e  m ean value :

s

Day let 2nd 3rd 4th 5 th 6 th 7th 8th 9th 10 th

Mean
value 90,50 91,3 60,3 55,5 73,3 64,0 84,2 97,7 58,9 112,3

Standard 
dev. from 

m ean 11,8 11,7 7,25 2,86 6,77 3,11 3,57 7,60 3,92 12,47

As can be seen from  th e  tab le , th e  high ra te  of variance m akes th e  m ean  
values u ncharac teristic  of th e  series th e y  s ta n d  for. The curve p lo tte d  upon 
second-order correction o f all th e  values o b ta in ed  displayed m ore th a n  one 
p eak , — an  eloquent d isp roo f of an y  regu lar change in  th e  m a s t cell co u n t of 
th e  g ran u la tio n  tissue betw een  th e  1st and  10th  days of healing.*

O ur findings accordingly  co n trad ic t SylveW s claim  who based  his a rg u m en t 
for th e  m ast cell origin of g round substance on th e  supposed re g u la rity  o f changes 
in  th e  m ast cell counts in  th e  g ranu la tion  tissue.

M any au thorities h av e  expressed dou b t ab o u t th e  m ast cells be ing  p roduc­
tiv e  of th e  ground substance . A ccording to  M eyer [ 20 ] young a n d  developing 
fib ro b lasts  produce hyalu ron ic  acid as a prelude to  th e  secretion o f ch o n d ro itin  
su lp h a te  and collagen p recurso r. In  certa in  cases th e  granules G ersh an d  Catchpole 
[ 9 ]  discerned in  th e  p lasm a of fib rob lasts  w ere m inu te  and  th e y  inc line  to  in te r­
p re t th is  fib roblastic  a c tiv ity  as a dom inan t fac to r  in  ground su b stan ce  fo rm a­
tio n  an d  tak e  the  con tinual change of th e  ground substance as gran ted .D ecom posi­
tio n  is b y  depolym erization  an d  adsorp tion , while re s titu tio n  p resu m ab ly  by 
th e  secretory  ac tiv ity  of fib ro b lasts . B unting  and  White [ 4 ] ,  w hose in v estig a­
tions failed to  confirm  Sy lven’s views, regard  hyaluronidase as a n o th e r  proof

* Grateful acknowledgement is made to Dr. Béla Gyires, Associate Professor of Mathe­
m atics a t  Debrecen, Kossuth Lajos U niversity, for the mathem atical calculations.
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o f  th e  existence o f a d ifference betw een th e  m etachrom asia  of th e  ground 
su b stan ce  and  th a t  o f th e  m ast cells, th e  la t te r  failing  to  d isappear on t r e a t ­
m e n t w ith  hyalu ron idase . As to  the  m ucopolysaccharide production  of fib ro ­
b la s ts , or m esenchim al cells, there  is no d irec t evidence. The tim e of fib ro b last 
p ro lifé râ t on has been  observed  to  coincide w ith  th e  appearance  of m ucopoly­
saccharides.

In  a previous c o n tr ib u tio n  [ 6 ] we rep o rted  to  have  observed th e  appearance  
o f young  g ranu lation  tissu e , in the  form  o f p e riv ascu la r foci, on th e  second 
d a y  of healing.The in te rce llu la r ground su bstance  is seen to  develop s im u ltaneous­
ly  w ith  the  beginning  o f fib ro b la s t p ro life ra tion , over th e  area of th e  inc ip ien t 
g ran u la tio n  foci. Som e o f th ese  have been found  to  include m ast cells, while 
o th e rs  exhib it none. T h e  foci of g ranu lation  tissu e  increase in  size, m erge, and 
e n d  b y  filling up th e  w ound  cav ity  around th e  5 th  or 6 th  day. The m etachrom a- 
t ic  substance  is in v a ria b ly  p re sen t am idst th e  fib ro b la s ts . W ith  th e  d ifferen tia tion  
o f  th e  granulation  tissu e , th e re  is less an d  less m etach rom atic  substance  in 
th e  collagenizing low er lay e rs  of th e  g ran u la tio n -tissu e , while th e  superficial 
y o u n g  layers contain  i t  in  an  unchanged a m o u n t u n til th e  wound has been 
ep ithe lized . No m ast cells occur either in th e  m a tu re  or in th e  young g ranu la tion  
tis su e , th e y  being con fined , th roughou t th e  process, w ith in  the  w ound base 
as foci of perivascular a rran g em en t.

T his different loca liza tio n  of the  m ast cells from  th e  ground substance  in  
th e  g ranu la tion  tissue p ro v id es  y e t ano ther a rg u m en t against the  m ast cell 
o rig in  o f the  ground su b stan ce .

D espite  the  lack  o f ev idence  for the m ast cells being  d irec tly  concerned in  
g ro u n d  substance p ro d u c tio n  i t  m ay be assum ed th a t  th e ir  heparin  p roduction  
has a m arked  influence on th e  grow th of connective tissue. M cLean  [ 19] and 
A lb u rn  [ 1 ] found h ep arin  to  exert, even in in fin ite s im a l am ounts as Baserga, 
de N ico la  and Vahi [ 3 ] d em o n stra ted  by  v iscosim etric  and  diffusion m ethods, 
an  in h ib ito ry  action on hyalu ro n id ase . There is a lte rn a tiv e  evidence in  su p p o rt 
of th is  antagonism . Seiffer  [ 25 ] m aintains th a t  hya lu ron idase  ad m in is tra tio n  
m a y  lead  to  rheum ato id  co m p la in ts  and to  a recrudescence  of la te n t rh eu m atic  
fever. Donzelot and K a u fm a n n  [ 7 ] ,  on the o th e r h an d , rep o rt im provem ent 
in  rh e u m a tic  conditions as a re su lt of heparin  ad m in is tra tio n . As d em onstra ted  
b y  M arbet and  W interstein  [ 1 7 ], the  beneficial effect of heparin  in pem phigus 
is also a ttr ib u ta b le  to  an tih y a lu ro n id ase  action.

O n th e  streng th  of th e  c ited  d a ta , we proceeded  to  s tu d y  w hether h ep a rin  
is cap ab le  of coun terac ting  th e  granulation  tissu e  depolym erizing effect o f 
h y a lu ro n id ase .

F ir s t  we incubated  sec tions from  1 to  10-day-old sk in  wounds of ra ts  a t 
37° C fo r 18 hours in a p H  4.1 a c e ta te  buffer so lu tion  con ta in ing  16 U of h y a lu ro ­
n idase  p e r  m l. (H yalurase, K ő b á n y a  P h arm aceu tica l W orks, B udapest) and 
5 U  o f hep arin  per ml. (H ep arin , K őbánya P h a rm a c e u tic a l W orks, B ud ap est).
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The contro l sections were in cu b a ted  in hyaluronidase and  heparin , respectively , 
o f th e  above concen tra tion , an d  in  a pH  4,1 ace ta te  buffer solution. S ta in ing  
was m ade w ith a 0,1 per cen t p H  7 aqueous to lu id in -b lue  solution.

T he sections in cu b a ted  w ith  hyaluronidase show ed no trace  o f m eta- 
ch rom atic  sta in , except for a redd ish  discoloration  in  th e  granules o f th e  m a s t 
cells. In  co n trast, th e  m etach ro m atic  sta in ing  of b o th  th e  ground su bstance  and  
the  m ast cell granules w ere le ft unaffec ted  by  in cu b a tio n  alike w ith  hep arin , 
w ith  th e  ace ta te  buffer, an d  w ith  th e  hya lu ron idase-heparin  com bination .

Clearly, th e  ground substance  depolym erizing action  of hyalu ro n id ase , 
as reflected  in th e  loss of m etach rom atic  sta in ing ,w as dem onstrab ly  in h ib ited  
b y  heparin  a t  th e  given degree of concentration .

O ur findings seem  to  fav o u r our assum ption  th a t the  m ast cells p lay  
a p a r t , b y  v irtu e  of th e ir  h ep arin  production , in  th e  ontogenesis o f g ran u la tio n  
tissue, and  th a t  heparin  p ro tec ts  the g ranu la tion  tissue  ground substance  even 
in  vivo , assuring its  no rm al m a tu ra tio n  b y  neu tra liz ing  th e  depolym erizing  
action  ex erted  on i t  b y  hyalu ron idase.

Summary

(i) Number and localization of tissue m ast cells lias been studied in healing wounds of 
ra ts  on each of 10 consecutive days. In  the course of healing, no marked variations were observed 
in the m ast cell counts over the wound area.

(ii) Mast cell counts and the different localization of ground substance and m ast cells led 
to  the conclusion th a t m ast cells are not responsible for the production of ground substance

(iii) The ability of rem arkably low doses of heparin to  neutralize in vitro the ground 
substance depolymerizing action of hyaluronidase suggests th a t  the m ast cells, in their capacity 
of heparin producers, act as hyaluronidase inhibitors in the evolution of granulation tissue.
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О СВЯЗИ М ЕЖ Д У Т У Ч Н Ы М И  КЛЕТКА М И  И ОСНОВНЫМ ВЕЩ ЕСТВОМ 
С О Е Д И Н И Т ЕЛ ЬН О Й  ТКА Н И

Л . Х О Л Ь Ц И Н ГЕР и И. Д Е В Е Н Ь И

Авторы исследовали на крысах изменение количества и локализации тканевых 
тучных клеток в заживающих ранах в течение 1 до 10 дней. Они установили, что число 
тучных клеток в области раны в течение периода заживания не проявляет значитель­
ных отклонений.

Из поведения тучных клеток, также как и из разницы локализации основного 
вещества и тучных клеток, авторы пришли к тому заключению, что тучные клетки нельзя 
рассматривать как клетки, производящие основное вещество.

В своих исследованиях in v i t r o  авторы наблюдали, что гепарин в весьма малень­
ких дозах отражает вызывающее деполимеризацию основного вещества действие гиалу- 
ронидазы. Они предполагают, что тучные клетки при развитии грануляционной ткани, 
— благодаря их способности производить гепария — играют в организме роль ингиби­
торов гиалуронидазы.

L ászló  Holczinger, B u d ap est, I I . ,  R á th  G yörgy u . 5. H u n g a ry  
Is tv á n  Dévényi, D ebrecen , 12. K ó rb o n c tan . H u n g ary
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