
D ep artm en t o f  P a th o lo g ica l A n a to m y  an d  H isto logy o f th e  M edical U n iv ersity , Pécs 
(D irector: P ro f. G. R o m h á n y i)

EFFECT OF CYTOTOXIC AGENTS ON TISSUE MAST
CELLS
G. K elényi

(R ece iv ed  N ovem ber 13, 1953)

The granules o f th e  m ast cells in the  loose connective tissue, w hich sta in  
m etachrom atically  w ith  to lu id ine b lue or th ion ine, a re  know n to contain  heparin 
(H olm gren  and W ilander, [12] , H orváth , [13] ). T he functional rôle w hich th ey  
aresupposed to  p lay  in  th e  regu la tion  of blood coagu lation  seems probable on an 
account of the ir h ep arin  content an d  location a ro u n d  the  capillaries. This fu n c
tio n  is also suggested b y  the observation  ( Jorpes e t ah , [ 14] ) th a t  blood w ill no t 
clot in  the  an te rio r cham ber o f th e  eye because o f an  inh ib ito ry  release o f 
heparin  by  th e  m a s t cells in th e  lim bus corneae. Likewise th e  increase in  th e  
num ber of the  m a s t cells m ight be  ta k e n  to  ex p la in  w hy, in  sp ite  of its  ex trem ely  
slow circulation, th e  blood fails to  clot in h ib e rn a tin g  frogs. (Snom alainen  and 
H enna, [22]). To th e  sam e cause m ay  be ascribed  th e  fac t th a t  in  advanced 
elephantiasis scro ti no throm bosis develops desp ite  th e  very  m arked  local blood 
stasis ( Ehriech a t  a l., [8] ). In  p ep to n e  shock th e  decrease in  th e  num ber of m ast 
cell granules has been  observed to  p ro trac t th e  c lo ttin g  tim e  (  W ilander, [26]). 
To th e  correlation  betw een  m ast cells and  h ep arin  should  also be referred  F rik 's 
observation ( [10] ) according to  w hich  in trap e rito n ea lly  in jec ted  heparin  finds its 
w ay  in to  the m a s t cells. There a re  several observations to  show th a t ,  over an d  
ab o v e  th e ir supposed  rôle in th e  regu lation  of b lood  clo tting , m ast cells m ay 
also take  p a rt in  som e functions of the  loose connective tissue. T hey  are sup
posed to  play  p a r t  in  th e  fo rm ation  of the  ground substance  (  Asboe—Hansen, [4] ) 
an d  in  local de to x ica tio n  processes ( Stuart, [23] , Turch in i e t al., [25] ). Bloom  [(6] ) 
an d  Asboe—H ansen  ( [3] ) described changes in  m a s t cells following ad m in istra tion  
of cortisone an d  A C TH . In  th e ir  opinion these  changes reflect th e  action  of the  
p itu ita ry -ad ren a l sy stem  on th e  connective tissu e . A ccording to  B urkl and 
Sonnenschein [(7] ), th e  m ast cells, owing to  th e ir  heparin  con ten t, show anti- 
hyaluronidase a c t iv i ty  and  form  an  in teg ral p a r t  of th e  pro tec tive  m echanism  
o f  th e  organism  ag a in st noxious influences.

A ccordingly, i t  w ould ap p e a r th a t  in ad d itio n  to  th e ir  rôle in  th e  regulation  
of blood c lo tting , th e  m ast cells also perform  som e function  in th e  pro tective 
system  of the  o rgan ism , rep resen ted  by  th e  connective tissue. I t  is w ith  regard 
to  these m anifold  an d  for th e  g rea te r p a rt as y e t unclarified functions th a t a
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d e ta ile d  s tu d y  of th e  a lte red  re a c tiv ity  in  th e  system  of th e  m a s t cells has 
seem ed  to  be of in terest.

I n  a previous s tu d y  [15] th e  changes observed in  th e  m ast cells a f te r  X -ray  
ir ra d ia t io n  were discussed. O ne of th e m  was th e  h igh sensitiv ity  to  X -ray s o f 
th e  m a s t  cells in  the  m esen te ry  an d  subcu tis of th e  ra t .  Irra d ia tio n  w as followed 
b y  ra p id  clum ping of th e  m a s t cell granules an d  a re la tive ly  sh o rt process of 
reg en e ra tio n .

Fig. 1. M em b ran e  p rep ara tio n  fro m  th e  m esen tery . T olu id ine  b lue. 24 hours a f te r  in jec tio n  
o f  100 y  of colchicine. C lum ped  granu les in  th e  m as t cells. (A ppr. X 300).

F ig. 2 . M em b ran e  p rep ara tio n  from  th e  m esen tery . Toluid ine blue. 24 hours follow ing th e  
in je c tio n  o f  300 y  of colchicine. H ig h  degree  o f polym orphism  of m as t cells. (A p p r. X 30). 
F ig. 3 . M em b ran e  p rep ara tio n  from  su b cu tis . T oluidine b lue. 72 hours follow ing in je c tio n  o f  
100 y  o f  co lch icine. M ast cells w ith  hom ogenous m etach ro m atic  cy top lasm  m ark e d  b y —» (A ppr.

XlOO).
F ig. 4 . M em b ran e  p rep ara tio n  fro m  th e  m esen tery . T oluid ine blue. 24 hours follow ing in jec 
tio n  o f  60 u n its  of ACTH. Sw ollen, d e g ra n u la te d  m as t cells. S ea t o f th e  nucleus w ell d iscern ib le. 

On th e  l e f t :  in ta c t  m a s t cell. (A p p r. X1300).

T h e  fac t th a t  ionising ra d ia tio n s  an d  certa in  cy to toxic  substances have 
s im ila r biologic and cytologic effects (A lexander, [1]), has also te m p te d  us to  
s tu d y  th e  altered  reac tiv ity  o f th e  m ast cells to  cy to toxic  agents.



E F F E C T  OF CY TOTO XIC A G E N TS ON TISSU E MAST CELLS 3 4 7

In  our experim ents, colchicine a n d  n itrogen  m u sta rd  a n d , fo r p u rp o ses  
of com parison, A CTH  were ad m in is te red  to  61 m ale an d  fem ale a lb ino  ra ts  
rang ing  in  w eight betw een  100 g an d  250 g. D eta ils  concerning th e  n u m b er of 
anim als, doses an d  tim ing  are given in  T able 1. T he d rugs were adm in istered  
in travenously . T he m ast cells were s tu d ied  in  m em b ran es p rep ared  from  th e  
subcu tis an d  m esen tery , and  in  bone m arrow  sm ears s ta in e d  w ith  0,1 p e r cent 
w a te ry  to lu id ine b lue. All anim als used  in  th e  ex p erim en ts  were k e p t u n d er 
iden tical env ironm en ta l conditions a n d  fed  th e  sam e d ie t.

In  th e  course of our experim ents significant changes in  th e  m ast cells could 
be observed. These a lte ra tions p resen ted  them selves in  th ree  m orphological 
form s corresponding also in  o rder o f tim e  to  th ree  n o t sh arp ly  defined stages.

(i) In  Phase I ,  th e  m ast cell granules of th e  subcu tis  and  th e  m esen tery , 
norm ally  vary ing  in  size from  0,5 to  3 Ц, fused  in to  coarser granules o f from  6 
to  15 [г w ith in  1 to  4 hours a fte r th e  in jec tion  of 200 to  300 y  of colchicine, and  
in  4 to  12 hours follow ing th e  a d m in is tra tio n  of 100 y . This ty p e  of change m ay 
generally  b e  observed in  th e  pronounced cases in ab o u t 50 to  70 per cen t o f th e  
m a s t cells, for from  24 to  36 hours a fte r  th e  ad m in is tra tio n  of th e  d rug  (Fig. 1). 
A rem ark ab ly  h igh degree of po lym orphism  was seen in  th is  phase (F ig. 2). 
T he changes, how ever, were found to  differ in  e x te n t even  when id en tica l doses 
w ere applied . T he granules of th e  m a s t cells w ere freq u en tly  n o ticed  to  be 
sca tte re d , a fa c t w hich m ight be caused b y  undue in terference d u rin g  th e  
p rep a ra tio n  of th e  m em branes, since th e  sam e phenom enon was en coun tered  
in  m ast cells of n o rm al anim als.

(ii) In  P hase  I I . ,  th e  n um ber o f m ast cells show ing coarser g ran u la tio n  
g radually  decreased and  36 to  96 hours a fte r th e  ap p lica tion  of colchicine a new 
ty p e  of m ast cells m ade th e ir  ap p earan ce , th e  p lasm a of w hich consisted , in 
add itio n  to  some rough  and few n o rm al sized g ranules, o f a hom ogenous b righ t 
m etach rom atic  halo (Fig. 3). S im ilarly  to  those  w h ich  form ed in  P h ase  I. b y  
th e  fusion of sm all granules in to  coarser ones, th is  new  ty p e  of m a s t cells was 
seen in  50 to  70 p er cen t too. This fa c t, besides of evidence of d irec t m orpholo
gical observation , seems to  in d ica te  th a t  th is  new  ty p e  w ith  a m etach ro m atic  
halo develops from  m ast cells w ith  clum ped g ranules.

(iii) I f  th e  an im al survived th e  colchicine in jec tion  by  72 to  96 hours, it 
w as found th a t  th e  num ber of norm al-sized granules in  th e  m a»t cells of the  
second-phase ty p e  g radually  increased  and  th u s  seem ingly  no rm al m a s t cells 
w ere form ed.

Bone m arrow  m ast cells p resen ted  no significant change d u rin g  th e  
experim en ts.

The applied  doses of n itrogen  m u sta rd  caused in  th e  m ast cells lesions 
of th e  sam e ch a rac te r b u t  a lesser degree. The excessive po lym orphism  usually  
seen following th e  adm in is tra tio n  o f colchicine could n o t be observed a fte r  n i t
rogen m ustard  in jec tions.
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ACTH produced  a d ifferen t m orphological p icture. 24 hours a fte r its 
in je c tio n  the  m ast cells in  th e  connective tissue of b o th  the  subcu tis and  m esen
te r y  w ere greatly  sw ollen , th e  num ber of th e  granules sta in in g  w ith  lo lu id ine 
b lu e  decreased and  th e  nucleus or its sea t becam e well discernible (Fig 4).

These phenom ena ap p eared  w ith in  4 to  36 hours of a d m in is tra tio n  of 
A C T H . 48 hours a f te r  th e  in jec tion  a p p a re n tly  in ta c t m ast cells were only 
p re se n t. The changes ju s t  described were genera lly  observed in  1 to  5 p er cent 
o f  m a s t  cells. M orphologically  th e y  show a  p a t te rn  th a t  seem ingly corresponds 
to  th e  slight in itia l changes of th e  m ast cells seen in  th e  early  stages a fte r local 
X - ra y  irrad ia tion . T h e  v iew , th a t  these changes are  in itia l an d  o n ly  of reactive 
n a tu re , seems to  be co rro b o ra ted  b y  th e  observations of Asboe— H ansen  [3], 
w ho found following large  doses of ACTH, m a s t cells w ith clum ped granules 
in  th e  subcutaneous connective  tissue.

W e have failed  to  observe any  changes in  th e  in ten s ity  of th e  periodic 
acid-leucofuchsin reac tio n  in  connection w ith  th e  above described changes of 
th e  m a s t cells.

I n  addition to  th e  a lte ra tions in  th e  cy to p lasm  o fn h e  m ast cells i t  was 
endeavoured  to  s tu d y  th e  b ehav iou r of th e  nuclei, all th e  m ore as Kellner and  
M atkó  [17] had observed  significant nuclear changes in  various tissues upon  
a d m in is tra tio n  o f colchicine a n d  nitrogen m u s ta rd  in  doses sim ilar to  th e  ones 
u sed  in  th e  present s tu d y . Iso la ted  s ta in ing  of th e  nuclei of th e  m a s t cells is, 
how ever, hard ly  feasib le, ow ing to  the  in ten siv e ly  sta in ing  m ass of basophilic 
g ran u les . This is w hy n u c lea r  conditions in  th e  cells w ith  clum ped granules could 
n o t  be  followed, an d  w h y  i t  is no t possible to  form  a definite opinion of the  
n u c le a r  damage in  th a t  ty p e  of cells. In  th e  swollen, degranu la ted  and  hom o
g en eously  m etachrom atic  m a s t cells th e  nuclei appeared  in ta c t.

I n  exam ining th e  fu n c tio n a l significance o f th e  changes tak in g  place in  
th e  m a s t cells upon th e  ac tio n  of th e  cy to tox ic  agents applied in  th e  presen t 
ex p erim en ts , the cond itions of blood clo tting  m u st be tak en  in to  account on 
th e  one hand , and  th e  rô le in  connective tissue  function  on th e  o ther.

T he effect of colchicine on coagulation  has n o t ye t been clarified. I t  is 
k n o w n , however, from  d a ta  published by  Sm ith  e t al. [21] , th a t  on tre a tm e n t 
w ith  n itrogen  m u sta rd  c lo ttin g  tim e becom es considerab ly  p ro tra c te d  and  also 
t h a t  th e  p ro trac ted  c lo ttin g  tim e  m ay be re s to red  to  norm al b y  m eans of 
to lu id in e  blue. The o b serv a tio n s m ade b y  A ntalóczy, Kom árom i an d  Selley  [2] 
also  in d ica te  th a t  n itro g e n  m u sta rd  causes heparinaem ia. T here is no doub t 
t h a t  in  th e  course o f th e  p resen t experim ents we encoun tered  large num bers 
o f  su c h  m ast cells w ith  a hom ogenously  m e tach ro m atic  cytoplasm  w hich, accord
in g  to  Lehner [18], re lease  heparin . Y et carefu l observation  of th e  sequence 
o f th e  cytologic changes o f th e  m ast cells has convinced us th a t  hom ogeneously 
m e tach ro m asia  should  n o t  b e  in te rp re ted  as in d ica tiv e  of hep arin  release, as 
th e  hom ogeneously m e tach ro m a tic  forms are g rad u a lly  transfo rm ed  in to  norm al
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m a s t cells. C onsequently  th ey  m ig h t have  a regenerative c h a ra c te r , a n d  the  
h eparinaem ia  dem o n stra ted  by  th e  above-m en tioned  au thors on t r e a tm e n t  w ith  
n itro g en  m usta rd  m ig h t be co rrelated  w ith  th e  clum ping observed  in  th e  early  
p h ase .

T he question still rem ains to  be  answ ered  w hat re la tions ex is t betw een 
th e  cellu lar changes observed in th e  m a s t cells an d  o ther functions o f th e  loose 
connective tissue. Considering th e  rô le  th a t  h ep arin  as an  acid m ucopo lysaccha
rid e  is supposed to  p la y  in  the  fo rm atio n  of collagen fibres (Gross, [11] ), we m ay 
safely  assume th a t  th e  changes in  th e  m ast cells as observed in  o u r experim en ts 
a re  in  some w ay correlated  w ith th e  fibrosis described by  Holczinger a n d  Kellner 
(16) following th e  chronic adm in is tra tio n  of colchicine. I t  should also be  tak en  
in to  consideration  th a t  désin tégra tion  of tissue  com ponents, su ch  as nucleo- 
p ro te in s , m ay release a com pound o f basic n a tu re  (histone), w h ich  com bines 
w ith  th e  acid m ucopolysaccharides o f  th e  connective tissue, g iv ing  rise  to  fo r
m a tio n  of fibres, as suggested b y  Beigeböck an d  Sickel [5] . T he la rg e  num ber 
o f  m ast cells, u su a lly  occuring in  fib ro tic  tissues, as in  cirrhosis o f  th e  liver 
fibrosarcom a, c irrho tic  carcinom a, sclerosed angiom a an d  chronic in flam m atio n s 
( M orrione, [20] ), supports some reasons to  th is  view too.

T A B L E  I

D istribution o f  animals according to doses and tim e o f  exam ination

C olchicine

300 y  
200 y  
100 y

N itro g en  m u stard

0,8 m g 
0,4 m g

H o u r s

1 4 12 24 48 72 96 T o ta l

2 l 3 3 9
2 — 3 — l — 1 7
2 l 1 6 3 3 1 17

T otal 6 2 7 9 4 3 2 33

1 2 2 5
2 — 3 3 1 l — 1 0

T otal 2 1 5 5 1 l — 15

A C T H

30 u n its — 1 I 2 1 1 2 — —

60 u n its 1 1 1 1 2 1 —

T otal 1 2 3 2 4 1 —

S u m  to ta l 61

Doses in the Table are given per 100 g  o f  body weight.
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Sum m ary

T h e  effect of co lch icine, n itro g e n  m ustard , a n d  A C T H  on  th e  m ast cells o f th e  su b c u ta 
n eo u s tis su e  and  th e  m e sen te ry  w as stu d ied  in  61 a lb ino  ra ts  in  th e  period  from  th e  1st to  th e  
96th h o u r  following a d m in is tra tio n . C lum ping of th e  m a s t cell g ran u les  took  place 4 to  36 h o u rs  
a f te r  t r e a tm e n t  w ith 100 to  300 y  o f  colchicine or 0,4 to  0,8 m g  o f n itro g en  m u sta rd  p e r  100 g  
b o d y  w e ig h t. A fter 36 to  72 h o u rs , th e  m ast cells w ith  c lu m p ed  g ran u les decreased  in  num ber,, 
a n d  cell form s w ith  a hom ogenous m etach ro m atic  cy to p la sm  d eveloped . T he nu m b er o f g ra n 
u les su b seq u en tly  increased  in  th e  cy top lasm  of th e  m a s t cells a n d  a p p a re n tly  norm al cells were 
fo rm ed . 24 to 36 hours a f te r  t r e a tm e n t  w ith  30 to 60 u n its  o f  A C T H , sw elling of th e  cells w ith  
a  d ecrease  in  th e  nu m b er o f th e  g ra n u le s  was observed. A ccord ing  to  th ese , th e  m as t cells o f  th e  
loose connective  tissue u n d e rg o  ra p id  changes no t on ly  fo llow ing X -ray  irrad ia tio n  b u t  also 
on  t r e a tm e n t  w ith  cy to tox ic  a g e n ts . T hese  changes m ig h t p lay  a p a r t  in  blood coagulation  as well 
as in  th e  developm ent o f  c o n n ec tiv e  tissue a lte ra tio n s .
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ДЕЙСТВИЕ ЦИТОТОКСИЧЕСКИХ ВЕЩЕСТВ 
НА ТКАНЕВЫЕ ТУЧНЫЕ КЛЕТКИ

Г. Келеньи 

Р е з ю м е

Автор исследовал действие колхицина, горчичного азота и адренокортико- 
тропного гормона (АКТГ) на тучные клетки подкожной и брыжеечной клетчатки 61 белой 
крысы в течение 1 96 часов после подачи упомянутых веществ.

По истечению 4 36 часов после подачи колхицина и горчичного азота (100 300 
гамма или же 0,4— 0,8 мг на 100 гр. живого веса) наблюдается глыбчатая агглютинация 
зерен тучных клеток, а через 36- 72 часа постепенно уменьшается количество тучных 
клеток с глыбчатой агглютинацией зерен. В то же самое время возникают клетки, имею
щие метахроматическую протоплазму. В дальнейшем в плазме тучных клеток постепенно 
увеличивается число зерен, и возникают клетки повидимому нормального вида. В течение 
24 36 часов после подачи АКТГ (30 60 единиц) возникают набухшие клетки с умень
шенным количеством зерен.

Все вышеупомянутые наблюдения указывают на то, что эти специальные клетки 
рыхлой волокнистой соединительной ткани проявляют быстро развивающиеся изменения, 
не только после воздействия рентгеновскими лучами, но и после применения цитотокси
ческих веществ. По всей вероятности данные изменения играют роль в нарушениях 
свертывания крови и других реакций соединительной ткани.
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