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I t  was observed  in  earlie r investig a tio n s th a t  colchicine, p o d ophy llin  and  
n itro g en  m u sta rd , besides affecting  d iv id ing  cells, induce changes also in  th e  
non-d iv id ing , so-called restin g  or inac tiv e , cells o f th e  various organs (K e l l n e r  
an d  M a t k ó , H o l c z in g e r  and  K e l l n e r , S u g á r  an d  K e l l n e r ). Such c h an g ­
es w ere seen to  occur in  th e  size of th e  n u c le i an d  th e  fine s tru c tu re  of th e  
ch ro m atin  substance . A lthough  th ere  ex ists an  a b u n d a n t m orphological lite ra tu re  
d ea ling  w ith  k a ry o k las tic  substances i t  co n ta in s  h u t  scan ty  d a ta  on th e  effect 
p ro d u ced  b y  th ese  ag en ts  upon restin g  cells. A p a rt from  th e  p yknosis  and  
d is in teg ra tio n  of m a tu re  blood cells no lo n g er capab le  of m itosis (W lDM ANN, 
M a t k ó  an d  H a r a s z t i) , some au th o rs  s tu d ie d  th e  effect o f  colchicine u p o n  
non-d iv id ing  h ep a tic  an d  renal cells (H a m p e r l , K a n t n e r , MiSURSKY and  
D o l ia n s k y , L a m b e r s ).

Since our earlie r investiga tions h a d  b een  concerned chiefly w ith  th e  
effect upon  d iv id ing  cells, and  since we h a d  fa iled  to  find in the  l ite ra tu re  s a tis ­
fac to ry  rep o rts  on th e  behav iou r of re s tin g  cells u n d er the  in fluence o f th e  
sa id  agen ts, we have  s tu d ied  th e  effect o f colchicine, podophyllin  an d  n itrogen  
m u sta rd  upon organs w ith  a low m ito tic  in d ex , such as the  liver, k id n e y , an d  
th e  h e a r t muscle.

M aterials and  m ethods

A to ta l  o f 200 ra ts  was used  in  th e  ex p erim en ts . A single dose of colchicine (200 y/100 g )r 
p o d o phy llin  (3000 y/100 g) an d  n itrogen m u sta rd  (200 у / 100 g), respectively , was a d m in is te red . 
T he effec tive  dose o f n itro g en  m u stard  was given in  som e cases on  each of th ree  consecu tive  d ays. 
On th e  basis o f experience ob ta in ed  in ex p erim en ts on  o rg an s possessing a h igh m ito tic  a c tiv ity , 
p a r t  o f  th e  anim als w as k illed  in  th e  incip ien t s tag e  o f  th e  poisoning, an o th er p a r t  a t  th e  tim e  
o f th e  m ax im um  effec t, an d  th e  rest a f te r  its  subsidence. Form aldehyde, Susa’s f lu id , sub lim ate  
w ith  g lacial ace tic  acid , an d  alcohol were used to  f ix  th e  liv e r, k idney , and h e a r t m uscle . S ta in ing  
th e  sections w ith  h aem atoxy lin -eosin , H e id en h a in ’s iron  haem ato x y lin  and B e st’s carm in , th e y  
w ere also tes ted  in  som e cases for th e  Feulgen re ac tio n . F a t  was dem o n stra ted  b y  S udan  I I I .  
B esides de term in ing  d ifferences in nuclear size b y  h isto log ical m ethods, its  v a r ia tio n s  were 
reg is te red  by  curves based  on d irec t nuclear m easu rem en ts . W e m easured , a t  th e  above said 
c ritica l m om ents, th e  d iam e te r o f th e  cell nuclei in th e  perig lom eru lar tu b u les  o f  th e  k id n ey  
an d  th e  cen tra l p a r t  o f th e  lobules o f th e  liver by  m eans o f a Zeiss eyepiece m ic ro m eter. K now ing  
th a t  m easu rem en t o f th e  d iam e te r involves m an y  e rro rs , in  som e cases also th e  vo lu m e o f th e  
cell nuclei was d e te rm ined . T hese values are show n in d iag ram s based on H in tzsch e ’s lo g arith m ic
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sca le . I n  o rd e r  to  ev a lu a te  d ev ia tio n s in  nuclear size, sign ificance com puta tions as d escribed  
be low  w ere  m ad e . V aria tions in  th e  size o f  th e  n ucle i o f  h e a r t  m uscle cells w ere d e te rm in e d  b y  
p la n im e try .

H i s t o l o g i c a l  e x a m i n a t i o n s

H isto lo g ica l changes in  th e  liver, k id n e y  an d  h e a r t m uscle consequen t 
upon  th e  ad m in is tra tio n  o f colchicine, podo p h y llin  and  n itrogen  m u s ta rd  have

Fig. 1. L iv e r . Changes in  s tru c tu re  an d  n u c lear size, a)  co n tro l, b) colchicine, c) n itro g en  m u s ta rd , 
d)  p o d o p hy llin . X900 (H a em a to x y lin  eosin)

b e e n  d esc rib ed  in  our earlie r com m unications, so t h a t  we shall re s tr ic t ourselves 
to  d e a lin g  w ith  changes occuring in  re s tin g  cells.

A s reg a rd s  th e  liver, a ll o f th e  th re e  sa id  substances provoke n o tab le  
ch an g es in  th e  size of th e  cell nuclei. P a r t  o f  th e  n ucle i was seen to  have  becom e 
sm alle r, w ith  th e  ch rom atin  condensed ; th e  n u c lea r m em brane w as sh a rp ly  
d is t in c t ,  a n d  th e  nucleolus n o t in freq u en tly  m issing . A nother p a r t  o f th e  cells
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w as seen to  have grow n, w ith  th e  nuclear chrom atin  becom ing  irregu la r, pow der- 
like or coarsely g ran u la r. T h e  nucleolus in  such cells is u su a lly  la rge , s ta in ing  
fa in tly  and  su rrounded  in  som e cases by  basophilic  g ranu les. N itro g en  m u sta rd  
a n d  colchicine induce in  m a n y  cells th e  developm ent o f la rge , c ircu lar, acido­
p h ilic , Feulgen-negative d isk like bodies w hich ta k e  th e  p lace of th e  nucleolus.

F ig . 2. K idney. N uclei o f  v a ry in g  sizes and p lasm atic  in ju ry  in th e  p e rig lo m eru la r tu b u le s  
a )  C ontrol, b) colchicine, c)  n itro g en  m u sta rd ,d) pod o p h y llin . a )  X 900, b) — d )  XlOOO

(H aem atoxy lin  eosin)

No such in tran u c lea r bod ies ap p ea r in  th e  liv er o f an im als tre a te d  w ith  podo­
ph y llin . The p ro to p lasm  o f th e  cells becom es m ore o r less sw ollen, coarsely  g ran u ­
la r , often  v acuo la ted  (F ig . 1).

As regards th e  k id n e y , all of th e  th ree  poisons cause n o tab le  changes in  
th e  size of th e  cell nuc le i o f  th e  tu b u la r  ep ithe lium  an d  induce  th e  developm ent 
o f  th e  said  in tra n u c le a r  d isks.

A d m in istra tion  o f podophy llin  is followed b y  no o th e r  changes. Nor 
does n itrogen  m u sta rd  seem  to  produce o th e r sign ifican t s tru c tu ra l changes, 
ex cep t — especially u p o n  re p e a te d  doses — a frag m en ta tio n  of th e  nucleus and 
o ften  a com plete d e sq u am atio n  o f th e  tu b u la r  ep ith e liu m . T re a tm e n t w ith



302 L. MATKÓ, L. HOLCZINGER and S. KERESZTURY

co lch ic in e  occasions, on th e  o th e r  h an d , tu b u la r  lesions o f such a grave k ind  
t h a t  th e  tubu les becom e p ra c tic a lly  u nd istingu ishab le . A ll th a t  can  be seen in  
su ch  cases  is th a t  th e  m o st g rav e ly  dam aged  tu b u le s  a re  th o se  a round  th e  
g lo m e ru li and  on th e  b o rd e r  b e tw een  cortex  an d  m ed u lla  (F ig . 2).

T h e  chrom atin  su b stan ce  o f  th e  sh runken  cells condenses, s ta in s  d ark , 
an d  th e i r  nucleolus u sua lly  beco m es unrecognizable. T he en la rged  cells s ta in  
fa in t ly , a n d  th e ir  ch rom atin  d isp lay s  a re ticu la r p a tte rn . T he p lace of th e  n u ­
cleo lus is  occupied by  a hom ogeneous, sligh tly  acidophilic , d isk like body  which 
is F eu lg en -n eg a tiv e  like th o se  d esc rib ed  in  th e  liv er (F ig. 3).

A s reg a rd s th e  h e a r t  m u sc le , t re a tm e n t w ith  colchicine w as n o t seen to  
cause a n y  dam age to  th e  fib res, a ll th e  change observab le  bein g  a red u c tio n  or 
in c re a se  in  th e  size of th e  m u sc le  cells analogous to  th e  changes described  in  
th e  k id n e y  and  liver.

I n  c o n tra s t w ith  th e  in h ib itio n  o f m itosis, tim e  an d  d u ra tio n  of th e  aforesaid, 
h is to lo g ic a l a lterations are  n o t specific.

F i g .  3 .  Intranuclear disks in  renal epithelial cells, a )  Colchicine, b)  nitrogen m ustard. 
a )  X 1500 b)  Xl lOO (H aem atoxylin eosin)
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Quantitative investigations

T he m axim um  d iam ete r of each of 500 h ep a tic  and  renal cell n ucle i 
■were d e te rm in ed  w ith  id en tica l m ethods o f fixing, em bedding  an d  s ta in in g .

T he d iam ete r o f th e  cell nuclei varies be tw een  3 /x and 9 y. in  u n tre a te d  
ra ts , a d iam e te r  o f 6 y, be ing  th e  m ost freq u en t. O ne ho u r a fte r th e  a d m in is tra tio n  
o f  colchicine, th e  curve becom es low er and  is, in  com parison w ith  th e  con tro l 
cu rve , seen to  be  d isplaced tow ards th e  la rg e r cells. I ts  peak  is a t 6,5 jx. T he  
curve  is s tre tch ed  le ft an d  rig h t tow ards b o th  th e  sm all and  large cells, since 
th e  nuclear d iam ete rs  v a ry  now betw een  2 y  a n d  10,5 /x. A t 72 hours th e  cu rv e

D iagram I .  Change in nuclear d iam eters in  h e p a tic  cells u n d e r th e  action  o f co lchicine. 
-------------- co n tro l ; ----------—  1-hour acu te  ; ----------------- 72-hours acu te

is found to  approach  th e  control curve, its  p e a k , a lthough  still a t 6,5 /x, ly in g  
h igher th a n  th a t  o f the  one-hour curve. T here  is a sim ultaneous decreasè in  th e  
n u m b er o f ex trem ely  large cells (D iagram  I).

T re a tm e n t w ith  podophyllin  m akes th e  curve sh ift tow ards th e  la rg e  
cells : i ts  p eak  is a t  7 ju, and  th e  nuclear d iam ete rs  range from  2 g  to  10 /и. 
A fte r 24 hours, th e  curve comes n ea re r to  th e  con tro l curve, its peak  is a t  6,5 /x ,  

while th e  n u m b er of ex trem ely  sm all and  ex trem ely  large v a rian ts  increases. 
The n uc lear d ia m e te r  ranges now from  1 y. to  11,5 /x (D iagram  II).

The eliam eter of th e  cell nuclei in th e  tu b u la r  ep ithe lium  of th e  k id n e y  
o f u n tre a te d  an im als varies be tw een  3 y, an d  9,5 /x, w ith  a m ax im um  a t  5 /x. 
6 hours a f te r  th e  ad m in is tra tio n  of podophyllin , th e  curve is m arked ly  d isp laced  
tow ards th e  large cells, w ith  a m axim um  a t  6,5 y .  T here is a significant in crease  
in  th e  n u m b er o f ex trem ely  large cells, w ith  th e  nuclear d iam eters v a ry in g
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D iagram  I I .  Change in  n u c le a r d iam eter in  h e p a tic  cells on th e  action  of p o d o p h y llin . 
--------------con tro l ; -------------------6-hours a c u te  ; ------------------24-hours acu te

b e tw e e n  3,5 /x and  12,5 /x. A fte r 48 hours, th e  curve shifts to  th e  le f t, i. e. in  
th e  d ire c tio n  of th e  sm all cells, its  peak  b e in g  a t  4,5 fx. The n uclear d iam ete rs  
ra n g e  now  from  3 /x to  10,5 /x, th e  n u m b er o f  la rg e  cells being ex trem ely  sm all. 
T h e  m a jo r ity  of th e  d iam e te rs  lies b e tw een  3 fx and  7 /x (D iagram  I I I ) .

I f  n itrogen  m u sta rd  is adm in istered  on  th re e  consecutive days, we find 
t h a t  6 h o u rs  a fte r th e  la s t  in jec tion  th e  cu rve  h as  m arked ly  sh ifted  in  th e  direc-

D iagram  I I I .  Change in  n u c le a r d iam eter in  re n a l  cells on  th e  action  o f pod o p h y llin . 
•------------- con tro l ; -------- ----------6-hours a c u te  ; ------------------ 48 hours acu te
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tio n  o f  th e  large cells, w ith  its  p eak  a t  6 /x  ; sm a ll cells are no t o b se rv ab le . The 
len g th  o f th e  n uclear d iam eters  varies b e tw een  3,5 fx  and  12,5 fx .  A fte r  an 
in te rv a l of 120 hours th e  cell nuclei becom e m ore uniform , w ith  d iam ete rs  
b e tw een  3,5 [x and  7,5 [X, an d  w ith  th e  p eak  o f  th e  curve a t 5 jx  like  t h a t  o f th e  
co n tro l curve (D iagram  IV ).

I t  is know n from  th e  lite ra tu re  th a t  b y  m easu ring  d iam ete rs , i t  can n o t 
be expected  to  o b ta in  sa tisfac to rily  precise v a lu es  for the  size o f  th e  nuclei^

Diagram I V . Change in  n u c lear d iam ete r in  re n a l cells on  th e  action  of n itro g en  m u s ta rd .  
------------con tro l ; ----------— •—  6-hours cu m u la tiv e  a cu te  ; -----------------120-hours acu te

especially  i f  th e ir  shape is n o t a t  leas t ap p ro x im a te ly  spherical. W e h a v e , th e re ­
fore, in  a n u m b er o f cases, de te rm ined  th e  n u c lea r volum e of 200 cells each.

Since cell nucle i can  be regarded  on th e  w hole as ro ta tio n a l ellipsoids, 
th e ir  volum e was com p u ted  w ith  th e  a id  o f  th e  form ula

V  =  —  • ti • a2 • b,
3

w here a =  h a lf  of th e  m inor, and  b =  h a lf  o f th e  m ajor axis.
A ccording to  jA C O B J , th e  nuclear size in  tissue cells does n o t v a ry  at 

ran d o m . The nuclei can  be  d iv ided  in to  classes w ith in  w hich th e ir  volum es 
v a ry  ab o u t a m ean va lue . T he class w ith  th e  h ig h est num ber of n u c le i is te rm ed  
«Regelklasse». E ach  class to  th e  le ft and  r ig h t of i t  contains less an d  less cells. 
Those classes w hich, c o n tra ry  to  th is  ru le , co n ta in  a higher n u m b er o f  cells have
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b e e n  fo u n d  to  be, to g e th e r  w ith  th e  «R egelklasse», th e  term s o f a geom etric  
s e r ie s  w ith  th e  num ber 2 as th e  com m on ra tio .

jACOBJ d e m o n str a te s  t h e  n u clea r  v o lu m e s  o n  a lin ea r  sca le  w ith  th e  c o n ­
s e q u e n c e  th a t ,  as th e  s iz e  o f  th e  n u c le i in c r e a s e s , th e  b o u n d a r ies  o f  th e  c la sse s  
b e c o m e  m o re  and  m ore s t r e tc h e d , i. e . th e  c u r v e  le n g th e n s  o u t a n d  b e c o m e s

3 0  

2 0 - 

10 - 

0
К 1/16

D ia g ra m  V. Change in  n u c lea r vo lu m e in  hep atic  cells on  th e  action  of n itrogen m u s ta rd .
— *-------- control ; ------------------ 6-hours acu te  ; ---------------------120-hours a cu te

a s y m m e tr ic . To be ab le to  dem onstra te  b io log ically  iden tical m ag n itu d es , 
h o w e v e r , no class m ust s tre tc h  m ore th a n  an y  o th e r . T his problem  was so lved  by 
HlNTZSCHE ; he s u b s ti tu te d  th e  logarithm s o f th e  volum es for th e ir  real 
v a lu e s , a n d  transform ed th u s  Jacobj’s lin e a r  series in to  a geom etric  one.

D ia g ra m  V I. Change in  n u c le a r  volum e in  re n a l cells on  th e  action  o f co lchicine. 
-------------- control ; -------------------- 30 m inutes a cu te  ; ------------- -— 72-hours acu te

I n  o rd e r to  p lo t th e  c u rv e  we h ad  first to  d e te rm in e  the  «R egelk lasse»  
(fo r w h ic h  we use the sym bol К  %) of the cell n ucle i in  th e  norm al tissue. H av in g  
d e r iv e d  th e  fu rth er d a ta , n ecessa ry  for th e  class d iv ision , from  th e  value o f  К  %  
b y  H i n t z s c h e ’s m ethod, w e tran sfe rred  th e m  to  th e  o rd ina te  of th e  g rap h , 
w h ile  th e  abscissa shows th e  d is trib u tio n  p e rcen tag e  of th e  exam ined  cells.

T h e  com putations p ro v e d  th e  value of К  %  to  be  116,51 p 3 for th e  con tro l 
liv e r . A cco rd ing  to  the  above defin ition , th is  is th e  p o in t above w hich th e  p eak  
o f th e  c o n tro l curve lies, i. e . w here the  n u m b e r o f cells is a t th e  m ax im u m  
(22,5 p e r  cen t). The nuclear v o lu m e  of the  h ep a tic  cells varies  betw een  К  1/16 an d  
К  2. I t  becom es less 6 hours a f te r  th e  ad m in is tra tio n  of n itrogen  m u sta rd . T he 
p e a k  o f  th e  6-hour curve is sh if te d  to  the  le f t b y  th e  leng th  of a «Zw ischen-
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klasse» , an d  com es to  lie h ig h er th a n  th a t  o f  th e  con tro l cm ve because 3 2 ,5 p er 
cen t o f th e  cells belong to  th is  class. I t  is re m a rk a b le  th a t ,  on th e  w hole, th e  
cell nuclei have becom e sm aller, large cells a re  no  longer seen, anel th e  cu rve  
on ly  ju s t  reaches th e  low erm ost lim it o f th e  c lass К  1. The effect of th e  po ison  
en tire ly  subsieles b y  th e  120th  hour. The cu rv e  show s now hard ly  an y  d e v ia ­
tio n  from  th e  con tro l cu rv e , an d  we find th e  p e a k  again  above th e  К  X., p o in t 
w ith  a 25 p er cen t frequency  m axim um  (D iag ram  V).

T he value of К  %  is 51,17 /л3 for the  n u c lea r  volum e of the  tu b u la r  cells 
in  th e  k idney  of u n tre a te d  an im als. The p eak  o f th e  con tro l curve (22 p e r  cen t 
o f th e  cells) has sh ifted  to  th e  le f t of К  %  by ex ac tly  h a lf  th e  length  of a «Z w ischen­
klasse», since th e  frequency  o f th e  sm all cells is g re a te r  th a n  th a t  of th e  large  
ones. T he value o f th e  nu c lear volum es varies b e tw een  К  1/8 and К  2. A ra d ic a l 
change is seen as ea rly  as 30 m inutes a fte r  th e  a d m in is tra tio n  of colchicine. 
T he nucle i becom e m ark ed ly  larger, so th a t  th e  cu rve  is displaced to w ard s  th e  
large cells. I ts  peak  com es to  s tan d  above th e  К  1 p o in t. К  1/4 is th e  class w ith  
th e  sm allest and  К  4 th a t  w ith  th e  largest cells fo r th is  curve. We see th e  co lch i­
cine curve to  becom e f la tte n e d  a fte r 72 hours, w ith  its  p eak  (12 per c en t o f  the 
cells) above th e  p o in t К  1/2, and  a range of n u c le a r  volum es betw een th e  p o in ts  
К  1/8 an d  К  2 (D iagram  V I).

To com plete th e  com pu ta tions and  d iag ram s regard ing  d iam ete rs  an d  
volum es, significance calcu lations were also m ad e . C alculations concern ing  th e  
k idney  an d  the  liv er w ere each  based on a series o f  th re e  d ifferent observ a tio n s of 
200 cells each, as follows.

(i) K idney  cells
1. u n tre a te d ,
2. 30 m inu tes a f te r  colchicine ad m in istra tion ,
3. 72 hours a f te r  colchicine ad m in istra tion  ;

(ii) Liver cells]
1. u n tre a te d ,
2. 6 hours a f te r  n itro g en  m u sta rd  a d m in is tra tio n ,
3. 120 hours a f te r  n itro g en  m u stard  a d m in is tra tio n .

N uclear vo lum e w as expressed in  cubic m icra .
Since th e  d ev ia tio n s  of th e  poisoned cells from  th e  u n tre a te d  co n tro l 

seem ed  to  be s ta tis tic a lly  significant, W ilcoxon’s m e th o d  was used in  th e  ca lc­
u la tions.

A ccording to  th e  ca lcu lations, no d ev ia tio n  is significant for w hich  

37,118 < ; U <, 43,082, 

while a d ev ia tion  is reg a rd ed  significant if

U  < 3 7 ,1 1 8  or U >  43,082.

3  Acto Morphologica^VI/3
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T h e  values of U  d e riv ed  from  th e  d a ta  o f  th e  m easurem ents w ere fo u n d  to  b e
a )  K id n ey  : 54,425 for th e  co m p ariso n  o f  1 and 2

49,272 « « « « 1 « 3

b )  L iver : 50,724 « « « «  1 « 2
39,645 « « «  « 1 « 3

C hanges occuring in  n uc lear size b o th  30 m in u tes  and  72 hou rs  a f te r  t r e a t ­
m e n t w ith  colchicine w ere, th e re fo re , s ign ifican t in  com parison w ith  th e  no rm al 
v a lu e s . A  single dose o f n itro g en  m u s ta rd  p ro v o k ed  a significant ch an g e  in  th e  
size o f  th e  nuclei on ly  6 h ou rs a f te r  th e  in je c tio n , while th e  change ceased  to  
be  s ig n ifican t a fte r th e  lapse  of 120 hours.

D ia g ra m  V I I .  Changes in  p lan im etric a lly  m easu red  n u c le a r  surfaces on  th e  a c tio n  o f  co lch icine  
-------------- c o n tro l;  — •— •— •—  30 m in u te s  a c u t e ; ----------------- 48 -hours a cu te

D iag ram  Y II illu s tra te s  th e  v a r ia tio n s  in  th e  p lan im etric  va lu es  o f th e  
ce ll n u c le i of th e  m y ocard ium  u n d er th e  in flu en ce  of colchicine po ison ing . The 
p e a k  o f  th e  contro l curve is above a p o in t be tw een  40 /x2 an d  45 f x2 w ith  42 
p e r  c e n t cells, th e  w hole cu rve  covering th e  ran g e  from  15—20 pt2 to  65 — 70 /и,2. 

W h ile  a f te r  a lapse o f 30 m inu tes th e  p eak  o f  th e  curve is s till a t  th e  sam e p o in t, 
o n ly  33 p e r cen t of th e  cells belong to  th is  g ro u p , as th e  n u m b er o f la rg e  nuclei 
h a s  co nsiderab ly  increased , som e o f th e m  reach in g  m agn itudes b e tw een  100 fx2 

a n d  105 /X2. A few  sm all-sized  nuclei are a lso  observable  (10—15 fx2). T h e  to x ic  
e ffe c t is  s till m ore v igorous 48 hours a fte r  th e  tre a tm e n t. The curve sh ifts  fu rth e r  
to w a rd s  th e  region o f th e  la rg e  nuclei, w ith  a p e a k  above a p o in t b e tw een  50 ju,2 
a n d  55 f x2, to  w hich ca teg o ry  37 p e r c en t o f  th e  cells belong.

D iscussion

W e have found no re p o rt in  th e  l i te ra tu re  on investiga tions m ad e  w ith  th e  
o b je c t to  offer m a th e m a tic a l com parisons be tw een  th e  changes in  nuclear 
size  cau sed  b y  th e  ac tio n  o f d iffe ren t k a ry o k la s tic  substances.
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A lth o u g h  i t  h a s  b e e n  p o in ted  o u t b y  m o s t  o f  th e  au th ors th a t  c e l l  n u c le i  
in crea se  in  s iz e  u n d er  th e  in f lu e n c e  o f  c o lc h ic in e  (K a n t n e r , MlSURSKY a n d  
DOLIANSKY, L a m b e r s ) , e x a c t  m ea su rem en ts in  t h i s  r e sp e c t h a v e  n o t b e e n  m a d e .

W ä c h t e r , m easu rin g  th e  size of h e p a tic  cells a fte r the  a d m in is tra tio n  
o f CC14 and  P e rh e p a r, fo u n d  th e  en largem ent a n d  d im inu tion , re sp ec tiv e ly , o f  
th e  nuclei to  be fre q u e n t a n d  no tab le  in  acu te  h e p a tic  lesions. BUCHER, s tu d y in g  
th e  effect o f colchicine u p o n  fibroblast cu ltu res , ev a lu a ted  his re su lts  m a th e ­
m atica lly  an d  found  th a t  n o t only the  average n u c le a r  size had  increased  u n d e r  
th e  in fluence o f colchicine b u t  observed also a sign ifican t change in  th e  sh ap e  
o f th e  d is tr ib u tio n  cu rve  o f th e  n uclear size.

The p resen t ex p erim en ts  have proved th a t  colchicine enlarges th e  n u c le i o f 
th e  hepatic , re n a l, an d  m yocard iac cells. T h is  en largem en t m an ifests  i ts e lf  
w ith  an increase in  n u c lea r d iam eter, volum e, a n d  surface alike. M easu rem en ts 
o f nuclear d iam e te r  p ro v ed  podophyllin  to  e x e r t  a sim ilar effect, w ith  even  
g rea te r changes in  th e  size o f th e  nuclei.

The effect o f n itro g en  m usta rd  poisoning g re a tly  depends on dosage . I f  
given in  effective doses on th ree  consecutive d a y s , th e  curve shifts to w a rd s  th e  
large cells 6 hours a f te r  th e  la s t  in jection , as i l lu s tra te d  b y  the  d iagram  show ing  
th e  d iam eters o f ren a l cell nuclei. I f  a single to le ra te d  dose of th e  po ison  is 
adm in istered , th e  6-hour cu rve  is seen to  s tre tch  o u t in  th e  direction of th e  sm all 
cells (D iagram  V).

M athem atica l co m p u ta tio n s show th e  v a lu e  o f nuclear size to  d e v ia te  
significantly  from  tho se  o f th e  control values, th e  on ly  exception b e in g  th e  
change observed 120 h o u rs  a fte r  tre a tm e n t w ith  n itrogen  m ustard .

The above described  observations allow, h o w ev er, of fu rth e r conc lusions.
I t  is ev id en t from  th e  d iagram s th a t  all th e  th re e  substances u n d e r rev iew  

have a rap id  effect, since th e  changes in  n u c le a r  size m anifest th em se lv es  
w ith in  a few m inu tes or hou rs. Also th e  changes in  question  are rev e rs ib le , for 
th e  la te r  th e  curves th e  m ore th ey  approach th e  shape  of the  contro l cu rv es .

I t  was show n in ou r previous com m unications dealing w ith th e  ch ro n o ­
logical sequence o f th e  effect of an tim ito tic  a g e n ts  th a t  the  m ito tic  in h ib itio n  
ceases a fte r  72 hours in  th e  case of colchicine, a f te r  from  24 to  48 hours in  th a t  
o f podophyllin , an d  a f te r  120 hours in  th e  case o f  n itrogen  m ustard . C om p arin g  
these  d a ta  w ith  tho se  o b ta in e d  in respect o f n o n -d iv id in g  cells, i t  is fo u n d  th a t  
th e  effect o f th e  poisons u n d e r review , except t h a t  o f  th e  nitrogen m u s ta rd , is 
m ore p ro trac ted  upon  re s tin g  cells, since changes in  the  nuclear size s till p e rs is t 
a t  a tim e  w hen m ito tic  d is tu rb an ces in  th e  o rg a n s  w ith  a high m ito tic  in d e x  
have  com pletely  su b sid ed . I t  seem s, therefo re , t h a t  th e  changes in  th e  n u c le a r  
size offer a m uch m ore precise  m ethod  of m easu rin g  th e  effect of th e se  a g e n ts  
upon th e  cells th a n  th e  inh ib itio n  of m itosis.

We ascribe th e  te m p o ra ry  enlargem ent o f  th e  nuclei in some o f th e  cells 
to  th e  ap p earan ce  o f in tra n u c le a r  «inclusion bod ies» .

3*
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These inclusion b o d ies  were earlier th o u g h t  to  be of v ira l o rig in , a n d  were 
e v e n  regarded  as m asses o f  e lem entary  p a r tic le s . R ecent in v es tig a tio n s  seem 
to  p ro v e  th a t  these  s tru c tu re s  are m an ife s ta tio n s  of in ju ry  to  th e  nucleus.

S tru c tu res  of th is  k in d  were o bserved  b y  H a m p e r l  and  B u c h m a n n  to  
h a v e  developed u n d e r  th e  effect o f co lch ic ine , while B l a c k m a n n  observed  
th e m  in  connection w ith  le a d  poisoning ; ZOLLINGER found th e m  to  ap p ear 
u n d e r  th e  action of ion iz ing  ray s  and  also in  le a d  poisoning ; th e y  occur, how ever, 
a lso  in  th e  spon taneous b re a s t  cancer of C3H  m ice.

O n th e  basis o f  h istochem ical re a c tio n s , B u c h m a n n , B l a c k m a n n , 
Z o l l i n g e r , A l t m a n n  a n d  o ther assum e t h a t  these  bodies c o n ta in  nucleic 
a c id  a n d  trace  th em  fro m  th e  nucleolus, t h a t  is , th e y  regard  th em  as p a th o lo g ic ­
a lly  tran sfo rm ed  nucleoli.

B o th  th e ir  ap p e a ra n ce  and d isap p ea ran ce  is rap id . T heir d ev e lo p m en t 
w o u ld  be explained  b y  th e  fac t th a t ,  b ecau se  of th e  changed co n d itio n s , th e  
n u c leo lu s  is unable  to  p a ss  its  nucleopro te in  to  th e  cytoplasm , th e  re ten tio n  
c a u s in g  en largem ent o f  th e  nucleolus. As reg a rd s  th e ir  d isap p ea ran ce , the  
o p in io n s  of th e  au th o rs  d iffer. B er g  th in k s  t h a t  if  the  m orbid p ro te in s  cannot 
b e  e lim in a ted  th e  cell m u s t perish . Sc h il l e r  is o f  th e  opinion, th a t  cells co n ta in ­
in g  inclusion  bodies do n o t divide b y  m ito s is , an d  th a t  th e  d a u g h te r  nucleus 
c o n ta in in g  the  inclusion  b o d y  perishes a lo n g w ith  th e  c e llp e r ta in ig to  i t .  A l t m a n n  
a n d  B u c h m a n n  suggest th a t ,  once th e  to x ic  e ffec t has ceased, th e  nucleo lus, 
re su m in g  its  usual fu n c tio n  an d  regaining its  n o rm a l m etabolism , e lim in a te s  the  
acc u m u la ted  ribonuc leop ro te in  form ing th e  « inclusion bodies». I t  is, how ever, 
q u ite  possible th a t  th e re  e x is t also o ther w ays in  w hich the  re ta in ed  su b stan ces  are 
e lim in a te d .

I n  th e  course o f  th e  p resen t ex p erim en ts  th e  inclusion b od ies w ere  first 
se e n  to  appear in  th e  e p ith e lia l cells of th e  re n a l tubu les ; u n d e r th e  effect of 
co lch ic ine  and  n itro g en  m u sta rd  th ey  a p p e a re d  in  the hepatic  cells as well. 
T h e ir  occurrence is ir re g u la r  and depends to  a g rea t ex ten t on th e  m a n n e r  of 
t r e a tm e n t .  T heir ra p id  d isappearance  is n o t so easy  to  explain. A lth o u g h  Alt- 
m a n n ’s th eo ry  seem s to  b e  more th a n  p ro b a b le , in  o ther o b se rv a tio n s i t  was 
fo u n d  th a t  th e  tox ic  e ffec t s till lasts a t th e  tim e  w h en  th e  inclusions h a v e  a lready  
d isa p p e a re d . In  a d d itio n  th e  fáct th a t  e x te n s iv e  desquam ation  o f th e  tu b u la r  
e p ith e liu m  can be o b se rv e d  a t ce rta in  p o in ts  o f tim e m akes i t  p ro b a b le  th a t  
th e  ce lls  con tain ing  inc lusion  bodies d ie  off.

Since th e  o rig in a l nucleolus can n o t b e  fo u n d  in  nuclei c o n ta in in g  these 
s tru c tu re s ,  i t  m ay  b e  assu m ed  th a t  th e  in c lu s io n  bodies are b u t  tran sfo rm ed  
n u c le o li. H istochem ical reac tio n s co rro b o ra te  th is  theory . We a t t r ib u te  th is  
p a th o lo g ic a l tra n s fo rm a tio n  of the  nucleo lus to  a tran s ito ry  d is tu rb a n c e  of 
n u c le a r  m etabo lism  p ro v o k e d  by  th e  p o iso n .

T he p resen t ex p e rim en ts  have m ade i t  ev id en t th a t  the  d ev e lo p m en t of 
th e  sa id  inclusions b o d ies  canno t be re g a rd e d  as th e  sole cause o f  n u c le a r  enlar-
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g em en t, for also nuclei in  w hich inclusion bod ies are  never seen (m yocard ium ) 
in v a ria b ly  undergo en la rgem en t. The en la rg em en t or d im inution  of th e  nuclei 
is likew ise th e  m an ifesta tio n  o f a p ro found  change in  nuclear m etab o lism .

W e reg ard  th e  re su lts  o f th e  p re sen t ex p erim en ts  as a confirm ation  o f  our 
ea rlie r th e o ry  th a t  th e  so-called k a ry o k lastic  sub stan ces affect no t only  d iv id ing  
b u t also re stin g  cells. T h e ir effect m an ifests  i ts e lf  even m ore s trik in g ly  w ith  a 
change in  nuclear size th a n  b y  th e  in h ib itio n  o f m itosis. I t  seems th a t  th e  effect 
is g en era l, and  th a t  th e  sa id  substances in fluence  to  a g rea te r or lesser e x te n t 
th e  m etabo lism  o f every  cell nucleus in  th e  organ ism .

Sum m ary

Colchicine, n itrogen  m u sta rd , and pod o p h y llin  p ro v o k e  considerable changes in  th e  
s tru c tu re  and  in th e  size o f cell nuclei in organs w ith  a  low  m ito tic  a c tiv ity  (liver, k id n ey , h e a r t 
m u sc le ).

K a ry o m etric  investig a tio n s have proved  t h a t  all th e  th ree  said poisons s ig n ifican tly  
in flu en ce  th e  size o f th e  cell nucleus.

C hanges on th e  n u c lear size develop ra p id ly  an d  are  reversib le. T heir d ev e lo p m en t tak es 
a b o u t as m uch  tim e as th a t  o f th e  early  changes ob se rv ab le  in div id ing  cells, b u t  th e  d u ra tio n s  
o f th e  effec t is m uch longer in restin g  th an  in m ito tic  cells.

A ll o f th e  substances in  question  are capab le  o f  p ro d u c in g  «inclusion bodies»  in  th e  cells 
o f th e  liv e r an d  especially  th e  k id n ey . These « inclusion  bodies»  m ay  be in te rp re te d  as p a th o lo g ­
ically  tran sfo rm ed  nucleoli. No such  bodies could be o bserved  in  th e  nucleus o f  h e a r t  m uscle  cells.

T he p resen t in v estig a tio n s have m ade it  ev id e n t t h a t  so-called k a ry o k la stic  sub stan ces 
a ffe c t b o th  div id ing  and  non-d iv id ing  cells, and  t h a t  th e ir  effect m anifests its e lf  n o t o n ly  w ith  
an  in h ib itio n  o f m itosis b u t  also w ith  changes in  n u c lear size. T he substances in  q u estio n  can 
th e re fo re  be regarded  as poisons acting  upon nu c lear m etabo lism .

W e are  in d eb ted  to  D r. B. G y i r e s , leader o f  th e  D ebrecen Section of th e  I n s t i tu te  for 
A pplied  M athem atics o f  th e  H u n g arian  A cadem y o f  Sciences, and  to  D r. I .  J uvancz , lead er of 
th e  Section  o f M edical M ath em atica l S ta tis tics  o f th e  sam e In s t i tu te , for perform ing  th e  m a th e ­
m atica l co m p u ta tio n s.
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Д Е Й С Т В И Е  К О Л Х И Ц И Н А , Г О Р Ч И Ч Н О Г О  А З О Т А  И  П О Д О Ф И Л Л И Н А  
НА  П О К О Ю Щ И Е  К Л Е Т К И  Р А З Л И Ч Н Ы Х  О Р Г А Н О В

Л . М А Т К О , Л . Х О Л Ц И Н Г Е Р  и Ш . К Е Р Е С Т У Р И

На действие колхицина, горчичного азота и подофиллина в органах с низкой 
частотой деления (печень, почки, сердечная мышца) возникают значительные структу­
ральные изменения, как и изменения размеров ядер.

Согласно результатам кариометрических исследований авторов, все три упомянутые 
вещества в значительной степени влияют на размеры ядер.

Изменение размеров ядер быстро развивается и является обратимым. Его образо­
вание хронологически совпадает — с более или менее большими сдвигами — с выявляе­
мыми на делящихся клетках ранними изменениями, причем оно сохраняется еще долгое 
время после прекращения нарушений процесса деления.

Все три вещества могут вызвать так называемые «клеточные включения» в печени, 
и главным образом в почках. Эти «включения» можно рассматривать как патологически 
преобразованные ядрышки. В ядрах клеток сердечной мышцы авторам не удалось вы­
явить таких образований.

На основании своих опытов авторы считают доказанным, что так называемые ка- 
риокластические вещества оказывают свое действие не только на делящиеся клетки, 
но также и на клетки в состоянии покоя, и что их действие проявляется наряду с задерж­
кой деления также и в изменении размеров ядер. Итак, эти вещества можно рассматри­
вать как токсины общего обмена веществ ядер.

W IR K U N G  VON C O L C H IC IN , P O D O P H Y L L IN  U N D  S E N F N IT R O G E N  
A U F D IE  R U H E N D E N  Z E L L E N  V O N  O R G A N E N

L. M a t k ó , L . H o l c z i n g e r  u n d  S. K e r e s z t u r y

A u f  E in w irk u n g  von  C olchicin, Senfnitrogen u n d  P o d o p h y llin  en ts teh en  in  O rganen  m it 
n ie d rig e r  T eilungsfrequenz  (L eber, N ie re , H erzm uskel) b e d eu ten d e  s tru k tu re lle  u n d  K ern g rö ssen ­
v e rä n d e ru n g e n .

L a u t  d en  E rgebnissen  v o n  k a ry o m e trisch en  U n te rsu ch u n g en  üb en  alle d re i g e n n an te  
S to ffe  e in e  sig n ifik an te  W irkung  a u f  d ie K erngrösse aus.

D ie  E n tw ick lu n g  de r K erngrö ssen v erän d eru n g  g e h t ra sc h  v o r sich, u n d  is t  rev ersibe l. 
Ih re  E n tw ic k lu n g  fä llt zeitlich  —  m it  k le ineren  u n d  grösseren  V erschiebungen —  m it d en  a n  den 
sich  te i le n d e n  Zellen nachw eisbaren  F rü h v e rän d e ru n g en  zu sam m en , u n d  b le ib t n ach  d em  A u s­
b le ib e n  d e r  T eilungsstö rungen  n o c h  längere  Zeit b e steh en .

A lle  d re i Stoffe können  so g en an n te  «zelluläre E in sch lüsse»  in  der L eber, u n d  h a u p tsäc h lic h  
in  d e r  N ie re  he rv o rru fen . D iese «E insch lüsse»  kön n en  als p a th o log isch  u m g ew andelte  K e rn ­
k ö rp e rc h e n  au fgefasst w erden. In  d e n  K ern en  der H erzm uskelze llen  k o n n ten  solche E insch lüsse  
n ic h t  b e o b a c h te t  w erden.

A u f  G ru n d  ih rer U n te rsu ch u n g en  g lauben  die A u to re n  bew iesen zu hab en , dass d ie soge­
n a n n te n  k a ry o k la s tisch en  S toffe  ih re  W irk u n g  n ich t n u r  a u f  d ie sich in  T eilung b e fin d en d en  
Z ellen , so n d e rn  au ch  a u f  die ru h e n d e n  Zellen ausüben , u n d  d ass ih re  W irkung  sich ausser in  der 
T e ilu n g sh e m m u n g  auch in  der V erän d e ru n g  der Z ellengrösse zeig t. Infolgedessen k ö n n en  diese 
S to ffe  a ls  T o x in e  des allgem einen K ernstoffw echsels au fg efa sst w erden.

M rs. É v a  M a t k ó , B u d a p e s t Y., A ranykéz u . 3., H ungary
D r. László  H o l c z i n g e r , B u dapest, X I I . ,  R á th  Gy. u . 5., H u n g a ry
D r . S án d o r K e r e s z t u r y , D ebrecen, 12. K ó rb o n c tan , H u n g ary
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