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T he drugs m o st freq u en tly  applied in  th e  tre a tm e n t of m a lig n a n t neo­
p lasm a are  n itro g en  m u s ta rd  an d  its  de riv a tiv es . N um erous au th o rs  h a v e  been 
concerned w ith  th e  ex p erim en ta l in v estiga tion  o f  th e  m echanism  ô f th e i r  ac tion . 
The effect was m o stly  m easured  by  m orphologic m ethods i. e. b y  exam in ing  
th e  changes re su ltin g  in  th e  tu m o u r cells a n d  th e  organs.

V . G. N em ets h a d  been  th e  first [43] to  synthesise th e  d ru g  u n d e r  th e  
nam e em bichin  in  1933. I t  was th en  in d ep en d en tly  produced b y  A .  G ilm an  
and  F . S . P h illip s  [18]. I t s  action  was ex am in ed  b y  M alyughina  [4 1 ] , Zhda­
nov [58], an d  o th e r a u th o rs  (Graef, K a rn o fsk y , Jager, K richesky  [19 ]), while
B . H . L a n d in g , A .  Goldin, H . A .  Noe, B . Goldberg, and D. M . Shap iro  [37], 
exam ined  th e  effect o f  ab o u t 40 deriva tives o f  n itrogen  m ustard  in  o rd e r to  
find a co rre la tion  betw een  chem ical s tru c tu re  a n d  toxicity .

F ro m  am ong th e  d rugs exerting  an  in h ib ito ry  effect on n eop lasm s, first 
colchicine, th e n  podophy llin  were exam ined in  d e ta il in  th is D ep artm en t ( K ellner- 
M atkó  [32] ; H olczinger— K ellner  [24]). I t  w as endeavoured to  o b se rv e  th e  
m orphological changes, to  s ta te  th e  tim e  w hen  th e  effect first s e t  in . W e 
estab lished  th e  d u ra tio n  o f  th e  effect in th e  tissu es  b o th  a fte r a sing le  dose 
and  on rep ea ted  a d m in is tra tio n . F inally  i t  w as im p o rtan t to  clear, w h e th e r  th e  
basic changes p rodueed  b y  n itrogen  m u s ta rd  are  sim ilar to , or d iffe rin g  from  
those  p roduced  b y  colchicine. Colchicine, beside  dam aging th e  cells d iv id in g  b y  
m itosis, changes th e  course o f developm ent o f  every  cell in  th e  organ ism . 
C onsequently  th e  p rob lem  p resen ted  itse lf, w h e th e r or not n itrogen  m u sta rd s  
ac ted  in  th e  sam e m an n er. N itrogen m u sta rd s  u su a lly  being a d m in is te red  for 
a  long tim e , th e  effect o f  b o th  a single large dose a n d  several low doses h a d  equally  
to  be observed. A fte r s tu d y in g  th e  tissue changes produced  by  n itro g en  m u s ta rd , 
colchicine an d  podophy llin , a  fu rth e r  ob jec t consisted  in working o u t a b a s is  for 
a ra tio n a l com bined th e ra p y . According to  B . H . L a n d in g  and his asso c ia tes  [35 ], 
m ore reliab le  in fo rm atio n  ab o u t th e  cy to to x ic  phenom ena p roduced  b y  drugs 
in te rfe rin g  w ith  tu m o u r g row th  m ay be rece iv ed  from  norm al o rg an s th a n  
from  th e  tu m o u r itse lf. I n  accordance w ith  t h a t  v iew , first th e  effect e x e r te d  on 
norm al organs was s tu d ied , in  order to  ap p ly  th e  experience gained to  tu m o u rs .
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M ateria l and methods

60 w hite rats, mostly m ale, ranging in weight from  100 to 160 g, were em ployed. 
The an im als were treated by in traperitoneal injections of a 0,08 per cent solution in  physiological 
saline o f nitrogen m ustard (m ethyl-bis-^-chloroethylamine hydrochloride, made by  M agyar 
Pharm a). The doses administered, th e  duration of trea tm en t, th e  interval between th e  in jection  
and th e  tim e elapsed from the la s t injection until the exam ination  had been perform ed, were 
w idely vary ing . 26 animals were used in  the acute experim ents. 10 rats had been given a single 
in jection  o f nitrogen m ustard in a dose of 200 microgrammes per 100 g body w eight and  th ey  
were k illed  after a period lasting from  10 minutes to  120 hours. 16 animals were tre a te d  w ith  
half th e  above dose and they were killed by bleeding, a fter 10, 30, 60 minutes, 2, 3, 4 , 5, 6, 24, 
48, 96 a n d  120 hours, respectively. The la tter dose corresponds to  the one employed in  chronic 
tre a tm e n t. 8 ra ts  were given a daily  dose of 100 or 200 microgrammes per 100 g for 2 to  4 days, 
and th e n  killed 2 to  24 hours following the last injection. In  th is way an increased acu te  effect 
was produced. Finally, 26 ra ts  were exposed to chronic tre a tm e n t, i. e. the injections were given 
w ith doses o f 75 to 100 microgrammes per 100 g weight every  th ird  day, and subsequently  
killed betw een  the 7th and the 155th day of treatm ent, the  m ajo rity  during the 8th or 9 th  week, 
always 2 o r 3 days after the last injection. 10 animals belonging to  the group receiving prolonged 
tre a tm e n t were examined 6, 24, 48, 120, 144 hours, 9, 11 and  24 days, respectively, a fter th e  la s t 
in jection . I n  th is way we w anted to  observe the d e s tru c tio n  and restitution under ch ronic  
tre a tm e n t. According to  the results o f the acute experim ents, i t  was possible to  establish  
th a t  a f te r  e v e ry  repeated dosage o f nitrogen m ustard th e  sam e destruction and res titu tio n  
appeared  as in  the case of a  single application.

T he injections were followed by  a loss of weight am ounting from 10 to  25 g, excep t 
when low er doses had been given. T he animals treated w ith  repeated  injections becam e retarded  
in g row th , th e ir body weight did n o t increase or even dim inished. Histological exam inations 
were perform ed on the alimentary tra c t, thymus, lym ph nodes, spleen, testicles, epididym ides, 
liver, k idney , lungs, myocardium, pancreas. For fixa tion , Susa’s fluid or a 4 per cent solution 
of n e u tra l form aldehyde was used. The sections were sta ined  w ith haematoxylin and  eosin, 
H eidenhain’s haem atoxylin or M allory’s stain. Papp’s silver im pregnation and Feulgen’s reac­
tion  w ere also used. Best’s carmine sta in  for glycogen was applied  to  sections of the liver in  num e­
rous cases. Organ systems fo t the exam ination of which special methods are necessary w ill n o t 
he d ea lt w ith  in  the present paper, th e ir changes will be published a t a later tim e.

Changes observed in  organs

D uodenum . A t th e  b o tto m  o f the  c ry p ts  sw elling  of p a r t of th e  ep ith e lia l 
cells s e ts  in  as early  as a f te r  10 m inutes. A  la rg e  m ass of m ucus is sec re ted . 
C e llu la r dam age and  d e s tru c tio n  could n o t be  estab lish ed  for ce rta in  b efo re  
1 h o u r  h a d  elapsed. The m o s t conspicuous a l te ra tio n  occurs in m ito tic  cells 
a lth o u g h  th e  num ber of th e se  is g reatly  red u ced . T he nuclear su b stan ce  is 
a r ra n g e d  in  th e  shape o f a  Y  m ade up  of pow der-like  spherules (-Fig. 1 A). 
O th e r  n u c le i consitu te a den se  irregular m eshw ork  (1C ). In  m any  cells th e  
n u c le a r  su b stan ce  is s itu a te d  cen tra lly  or ex cen trica lly  (1 B) and la te r  i t  becom es 
d is s ip a te d  in  th e  cy toplasm  (1 C). A t the  sam e tim e , o ther cells co n ta in  la rg e r  
sp h eres  (1 D ).

T h e  p ic tu re  is ra th e r  s im ila r to  th a t  b ro u g h t a b o u t in  th e  duodenal m ucosa  
b y  co lch ic ine . Beside th e  ones containing pow der-like chrom atin  o r la rg e r
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ch rom ato id  globules, cells contain ing  3, 6, 8 or 10 spheres m ay  also  b e  seen. 
I t  seem s w arran ted  to  in fer from  th e  p ic tu res th a t  th e  appearance o f  sp heru les 
rep resen ts  a new, second phase of cell dam age (Fig. 1 D). I f  th e  g lobules are

Fig. 1. Duodenum. Pathologic divisions in the epithelium  of crypts. A :  Chrom atin granules 
arranged in V-shape in light cells. Dose : 100 microgrammes per 100 g body w eight daily, 
for 4 days. R a t killed 24 hours after the last dose. H. E . stain . xl600. В  : Fine chrom atin granules 
and spherules a t the place of the nucleus. No nuclear mem brane, foamy protoplasm a. The same 
ra t. H eidenhain’s stain. x l600. C: Dissipation of chrom atin granules in a swollen, foam y cell, 
fine filam entous chrom atin in another cell. Markedly swollen epithelial cells. R ight top , nucleus 
iafla ted , sharp nuclear m em brane, swollen nucleolus. Dose, 2x200  microgrammes per 100 g, 
killed 2 hours after 2nd dose. H . E . x l600. D : R at, a fter 6 hours, peak effect. AU epithelia 
ceUs foamy, sharply contoured nuclear membrane, swoUen nucleoli. In  3 ceUs the cytoplasm  
has been replaced by vacuoles in which 1, 2, 3, 5, respectively, chromatin globules have been 
formed and surrounded by a th in  border of cytoplasm. Close by, ju s t visible round or slightly 
fla ttened  chromatin globules. Dose. 100 microgrammes per 100 g killed 6 hours la te r. H . E. 
x l600 . — E :  Crypts fiUed w ith m oderately swoUen epithelial cells, a distorted d iaster shifting 
tow ard the lumen. 1 dose of 100 microgrammes per 100 g. KiUed 6 hours later. F eu lgen 's r. x!600
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la rg e , th e  cell soon d is in te g ra te s  and th e  ex p e lled  n uclear substance becom es 
su rro u n d e d  by  a m a rg in  consisting  of cy to p lasm . A ll ch rom ato id  pa rtic le s  are 
m a rk e d ly  stained b y  F e u lg e n ’s reagent.

A p a rt from  th e  p a th o lo g ica l p a tte rn s  o f  d iv ision  described, cells m ay  be 
f re q u e n tly  observed in  w h ich  th e  ch rom atin  h a s  ta k e n  a d iaste r fo rm  w ith  
ir re g u la r  chrom ato id  b rid g es  betw een th e  a s te risk s . N o t in freq u en tly  these  
n u c le i display a rh o m b o id  shape (Fig. 1 E ). T h e  n u c lea r changes a n d  th e  dis-

F ig. 2. 2 hours after the in jection . Crypts lined w ith cells containing swollen and foam y nnclei, 
sharp  nuclear membrane, coarse chrom atin granules. In  places recognizable nucleolus, otherwise 
obscured by chrom atin. D estroyed  cells and chrom atin globules expelled tow ard th e  lumen. 
R ig h t top , nucleus replaced b y  a  vacuole, chrom atin globule surrounded by th in  cytoplasm 
en tering  into the lumen. D çse : 2 doses of 200 microgram m es per 100 g each. K illed 2 hours

a fte r  the second dose. H . E . x l600

so c ia tio n  of c h ro m a tin  resem bles the  p ic tu re  p ro d u ced  b y  colchicine, excep t 
t h a t  form ation  o f p ow der-like  globules w as n e v e r  observed a fte r colchicin 
tre a tm e n t .  The d iv is io n  fo rm  resem bling a d ia s te r  is also ch a rac te ris tic  o f 
n itro g e n  m ustard  ac tio n .

O n account o f  th e  ex tensive  d es tru c tio n , th e  s tru c tu re  of th e  in te s tin a l 
m u co sa  is deeply, c h a n g e d  a t  th e  b o tto m  o f  th e  c ry p ts  w here th e re  h a rd ly  
rem a in s  a single u n d a m a g e d  cell. Changes s im ila rly  grave n a tu ra lly  do n o t 
o ccu r except a fte r  h ig h  doses. A lthough th e  in jec tio n  of n itrogen  m u s ta rd  is
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A  : Dosage, 75 microgrammes 
of nitrogen m ustard per 100 g 
of body weight twice a week 
for 2 m onths. Killed 48 hours 
a fter the last dose. Body w eight 
abou t 140 g, w ith little  fluc­
tuations. H . E . stain. Low power

В  : T reatm ent for 6 weeks w ith 
th e  same doses. Killed 6 hours 
after the last dose. Body w eight 
from  125 to  130 g. H . E .x520.

C: The same section x830

Fig. 3. Duodenum. Cystic dilated crypts in animals expoaed to chronic treatm ent. Crypts lined 
w ith basal membrane or new f la t epithelium. In  the lum ina desquam ated epithelial cells and 
chrom atin granules formed after their decomposition. E xtensive round cell infiltration in  the

interstitium .
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fo llo w ed  w ith in  1 h o u r b y  th e  fo rm atio n  o f  num erous c h ro m a tin  g lobules th e  
m o s t  severe changes occur betw een  th e  6 th  and 12th hour. T h e re a f te r  th e  
ch an g es  are g radually  im prov ing . In itia lly , th e  form ation  o f c h ro m a to id  pow der 
a n d  th e  m eshw ork p rev a il, th e  decom position  o f  ch rom atin  to  globules becom es 
p ro m in e n t la te r  on. T h is w ould  p o in t to  a ce rta in  order in th e  n u c lea r  changes.

T hese s tru c tu res  c a n n o t be  observed  ex cep t when cells in  th e  process 
o f  m ito s is  are d e s tru c te d . Cells ex h ib itin g  no  sign o f d iv ision  a re , how ever, 
a lso  m ark ed ly  in ju red  (F ig . 2.). T hey  h av e  pale  and  en larged  nu c le i, w ith  a 
s h a rp ly  ou tlined  nu c lea r m em brane. T he ch ro m atin  appears in  coarse  irregu lar 
m asse s  w hich s ta in  hom ogenously . T he cy to p lasm  is finely g ra n u la te d . These 
cells, b e in g  p robab ly  in  th e  so-called in te rp h a se , are very  a p t to  un d erg o  d e s tru c ­
t io n  (F ig . 2 B).

O nce th e  ex ten siv e  d es tru c tio n  o f  ep ith e liu m  in  th e  c ry p ts  has come to  
a n  e n d , regeneration  is s ta r te d . The m orphological course o f  th is  process can 
b e s t  b e  followed in  an im als  w hich have suffered  a chronic po isoning , a lthough  
i t  m a y  equally  be o b serv ab le  a fte r  a single, h igher or low er, dose o f  n itrogen  
m u s ta rd .  In  th e  d u o d en u m , colon, a n d  sm all in testin e , lu m in a  undergo ing  
c y s tic  d ila ta tio n  are  fo u n d  in  th e  m ucosa’ (F ig . 3 A, B, C). Som e lu m in a  contain  
o n ly  ch ro m atin  g lobules su rro u n d ed  b y  a th in  cytoplasm  b o rd er. T h e  ep ithe lia l 
l in in g  h as  been e x ten s iv e ly  d es tru c te d  an d  in  num erous p laces th e  b asa l m em ­
b ra n e  is seen. I n  o th e r  lu m in a , reg en e ra tio n  of th e  ep ith e liu m  h as a lread y  
s ta r te d .  In itia lly , on ly  in  som e sections o f  th e  lum en has th e  lin ing  ep ithe lium  
b eco m e fla tten ed . T h e  cells are  ch a rac te rized  b y  a f la t cy to p lasm  a n d  nearly  
no rm al-s ized  nuclei w hich  m ake th e  cy to p lasm  bulge. M ito tic  div isions are  
r a r e ly  seen. Som etim es th e  en tire  lum en  is lined w ith  ep ith e liu m  gradually  
in c re a s in g  in heig h t, a n d  developing first in to  cubicoid, la te r  in to  cy lindrical 
ce lls  (F ig . 3 B, C). I t  is n o t  q u ite  c lear fro m  w hich k ind  o f  cells regeneration  
is s ta r te d .  U nder n o rm a l cond itions, th e  process begins a t th e  basis  o f  th e  c ry p ts  
( A . Schaffer, [47 ] Bizzozero  [5 ]). In  th e  p re se n t case, how ever, th e  regen era tin g  
t is s u e  seem ed to  sp read  dow nw ards s ta r t in g  from  th e  t ip  o f  th e  v illi spared  b y  
th e  process. A fu r th e r  possib ility , know n  from  L epesh inskaya’s ex p erim en ts , 
t h a t  th e  globules reo rg an ize  them selves a n d  becom e cells ag a in , m u s t n e ith e r 
b e  o m itte d , as i t  h a s  been  po in ted  o u t in  o u r  p ap er on changes p roduced  by  
co lch ic ine . F in a lly , T örő  [55] h as  cla im ed th a t  th e  basa l m em b ran e  m ay also 
b e  tran sfo rm ed  in to  ep ith e lia l cells.

Liver. O ur ex p e rim en ts  w ith  colchicine have  d em o n stra ted  t h a t  th e  effect 
o f  th e  so-called m ito tic  poisons m an ifests  i ts e lf  also in  organs o th e r  th a n  those  
h a v in g  a high m itosis  in d ex . As a ru le , th e  liver an d  th e  k id n ey  a re  regarded  
as in d iffe ren t s tru c tu re s  (G ra e f and  al. [19 ]; L a n d in g  and al. [37]; M a lyu g h in a , 
[ 4 1 ] ;  Barberio, [3 ]), a lth o u g h  a low  n u m b e r o f m itoses m ay  be  observed 
a lso  in  these  o rgans. T h e  action  o f n itro g en  m u sta rd s  m anifests its e lf  in  th e  liver 
a t  a n  ea rly  period a n d  in  a v e ry  c h a ra c te ris tic  m anner. B a re ly  10 m inu tes
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a fte r  th e  in jec tio n , th e  endo thelia l cells o f  th e  sinuses becom e sw ollen  an d  
d e tach ed  a n d  ap p ea r free in  th e  sinus in  th e  fo rm  of ro u n d  s tru c tu re s . T h is 
process m u s t he considered as a  to x ic  effec t. S ubsequen tly , th e  ch an g es o f  th e  
sinus en d o th e liu m  becom e m ore c h a ra c te ris tic  an d  resem ble th o se  o b se rv ed  
in th e  d u o d en u m , as fa r as th e  ch ro m atin  is pow der-like , the  c h ro m a tin  su b s ta n c e  
o f cells th e  nucleus o f w hich has undergone k a ry o k in e tic  d iv ision  is g ra d u a lly  
p re c ip ita te d  (F ig. 5 E , F ), ch ro m atin  globules su rrounded  b y  a  th in  r in g  o f  
cy to p lasm  are form ed an d , fina lly , th e  sinus endo thelium  d is in te g ra te s  (F ig . 
5 G, H ). D issociation o f  cells which are in  th e  so-called interphase m a y  sim ila rly

Fig. 4. Liver. Varying size o f the nuclei o f liver cells. Foam y Knpfler’s cells, massive desquam a­
tion, nuclei pycnotic, distorted or vacuolized, foam y. Dosage, 100 microgrammes per 100 g 
body weight, repeated in  th e  first week. K illed 72 hours a f te r  the second in jection . H . E . x75 0

be observed . These cells are  en larged , th e y  c o n ta in  vacuoles beside  a n u c leus 
d isp laced  to  one side. N um erous en d o th e lia l cells exh ib it p h ag o cy tized  n u c le a r  
frag m en ts  in  th e  cy top lasm . The frag m en ts  p ro b a b ly  orig inate from  d is in te g ra te d  
e n d o th e liu m  an d  liver cells. (The d y sfu n c tio n in g  o f  th e  h ep a tic  re tic u lo e n d o ­
th e lia l sy s te m  a fte r  ad m in is tra tio n  o f  colchicine h as  been d e m o n s tra te d  b y  th e  
q u a n ti ta t iv e  d e te rm in a tio n  o f silver a c c u m u la tio n ; Sugár, V elősy, [53 ]).

N o m ark ed  liver in ju ry  w as p ro d u ced  b y  a single dose o f n itro g e n  m u s ta rd . 
On th e  o th e r  h an d , re p e a te d  a d m in is tra tio n  o f  th e  substance w as fo llow ed  in  
th e  few  m ito tic  liver cells b y  ch a rac te ris tic  changes essen tially  s im ila r  to  th e  
ep ith e lia l lesion observed  in  th e  in te s tin e . T he process can b e .e a s i ly  follow ed 
in  F igs. 5 A , B , C, D .

A n o th e r  sign in d ica tive  o f h ep a tic  lesion is th e  ap p earan ce  o f  fine f a t  
d ro p le ts , fu r th e r  th e  focal necrosis observed  in  a few  anim als. T he l a t t e r  change , 
how ever, c an n o t be considered ch a rac te ris tic . I n  o u r opinion, d ifferences in  th e  
size o f  nucle i are  m ore significant. Beside v e ry  sm all liver cell n u c le i, n u m ero u s  
v e ry  large  m ononuclear cells an d  p o ly n u c lea r g ian t cells o f h e p a tic  o rig in  m ay

8*
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Fig. 5. Liver. А , В, C: D isorders of division in  cells o f parenchym a. D : Decomposing endothelia 
or parenchym a cell, chrom atin  in  granules or globules. The changes are identical w ith those seen 
in  th e  duodenal epithelium  (F ig. 1.). Dosage, 4 x 1 0 0  microgrammes per 100 g (accum ulated 
trea tm en t). Killed 24 hours a f te r th e la s t dose. H. E .x l6 0 0 . — E , F , G: similar nuclear changes in 
desquam ating  sinus endothelium . G: Liver cell w ith  b lurred  outlines and disintegrated into 
nuclear spheres. H :  Phagocytized chrom atin globules in  th e  plasm a of an endothelial cell. Dosage, 
1 x 2 0 0  microgrammes of n itrogen  m ustard per 100 g. K illed  after 12 hours. H . E . x l600
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be seen. Changes in  th e  a rran g em en t o f c h ro m a tin , a sharp ly  lim ited, n u c le a r  
m em brane , m ore th a n  tw o nucleoli, and  a lig h t ch ro m atin  m eshw ork  a re  r a th e r  
freq u en t phenom ena. G ran u la r decom position  o f  th e  nucleus also o ccu rs  in  a 
n u m b er o f liver cells (F ig. 5 C).

G raef an d  al. [19] have found  th a t  m obilisa tion  and  ex cre tio n  o f  liv er 
glycogen occurs a fte r  th e  ad m in is tra tio n  o f  n itro g en  m u sta rd . A d o p tin g  th is  
resu lt, th e  glycogen c o n te n t o f th e  liver has n o t  been exam ined  a f te r  single 
doses. In  th e  ra ts  exposed to  pro longed ad m in is tra tio n  o f th e  d rug , an  a u g m e n ta ­
tio n  o f  th e  glycogen co n ten t w as observed  6, 24, 48, 72 and  120 h o u rs  a f te r  
th e  la s t in jec tion .

L y m p h  nodes. I t  is w ell know n th a t  th e  effect o f n itro g en  m u s ta rd  on 
m a lig n an t tu m o u rs  is n o t un ifo rm  an d  th a t  u p  to  now  th e  b e s t re su lts  h av e  
been ach ieved  in  neop lastic  diseases o f  th e  ly m p h  nodes, such as ly m p o sa rco m a , 
re ticu lo en d o th e lia l sarcom a, leukosis, H odgk in ’s d isease. (Larionov  [3 3 ], L a r io ­
nov, K u zm in a , N ykonova , Petrov, Tseli [34], H eilm eyer  [ 21, 2 2 ] , B u r  chenal 
[11], K a rn o fsk y  and  al. [27], B usse  [12], Jacobson  an d  al. [25], Graver [15], 
A rice -K a u ter  [2], Wintrobe an d  H u g u ley  [56], A dler  [1]). F ro m  am ong  
H u n g arian  au th o rs , Sellei an d  G ra f [48], S ip o s, Jáksó  and  Szadeczky  [50], 
F öldvári an d  N ékám  [17 ] have m ade clinical observations w ith  n itro g e n  
m u sta rd . Several au th o rs  (M alyugh ina  [41 ], L a nd ing  and  al. [37 ], G ra e f  a n d  
al. [19], D e B ruyn  an d  Robertson [10]) s ta te d  th a t  th e  a d m in is tra tio n  o f  
n itrogen  m u sta rd  re su lted  in  ex tensive  d is in teg ra tio n  in  th e  ly m p h  n o des, 
th e  w eigh t o f  w hich becam e m ark ed ly  decreased .

In  th e  ly m p h atic  system , patho log ic  form s o f  m ito tic  division occu r m u ch  
less fre q u e n tly  th a n  in  th e  duodenum  and  th e  liver. T he pow der-like c h ro m a tin  
s tru c tu re , held  characteristic  o f th e  in itia l phase , does n o t occur an d  o n ly  th e  
second p h ase , th e  condensation  o f  ch ro m atin  in to  globules o f v a ry in g  size an d  
th e  d es tru c tio n  of cells, can  he observed. S im ilarly  to  o th e r cy to tox ic  su b s ta n c e s , 
n itrogen  m u s ta rd  ex erts  i ts  dam aging  effect m a in ly  upon  th e  fo llicles. T h e  
effect m an ifests  itse lf  in  th e  10th  m in u te  an d  a f te r  30 m inu tes i t  is a lre a d y  
m arked . W ith in  1 h o u r th e  changes becom e v e ry  grave and  a fte r  6 h o u rs  th e y  
are fu lly  developed. The cell d estru c tio n  g rad u a lly  ex tends to  th e  m a rg in  o f 
th e  follicles an d  by  th e  12 th  ho u r th e  en tire  su b stan ce  o f th e  lym ph  node e x h ib its  
signs o f  g rave  decom position  (Fig. 6 A, B). Beside th e  lym phoid  e lem en ts , a lso  
th e  sinus d isp lays p ro found  changes, th e  en d o the lium  becom es d e ta c h e d  a n d  
occasionally  undergoes d estru c tio n  w ith  nuclear decom position . T he F eu lg en - 
positive ch ro m ato id  spheres orig inating  from  decom posed follicles are  c a rr ie d  
in to  th e  sinuses, all of w hich are w idely d ila ted  (F ig . 6 C an d  7). T he s lig h tly  
eosinophil re ticu lu m  cells are  loosened, becom e ro u n d  and  free (F ig . 7), m a n y  
of th em  h av e  undergone necrosis, w ith  no visible nucleus or only 2 to  3 c h ro m a tin  
spheres in s te a d  o f i t ,  and  w ith  vacuoles in  th e  cy top lasm . D espite th e  ex ten s iv e  
d estru c tio n , loosened re ticu lu m  cells m ay  he p re sen t for a long tim e , as a  sign
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o f  th e ir  co n stan t re -fo rm a tio n . N um erous decom posing lym phoid e lem ents 
m a y  also be observed , th e  place of w hich is ta k e n  b y  p lasm atocy tes s itu a ted

F ig . 6. A , B : Lymph node a fte r  acute treatm ent. Medulla near y empty, the cortical structure 
is hard ly  discernible on account of the granular decom position of lymphoid cells ( B ) .  Dosage 
1 x 2 0 0  microgrammes per 100 g. Killed after 24 hours. H . E . -x .\W (A ), x  250 ( B ) .  C, D. 
L y m p h  node after chronic trea tm en t. Extremely d ilated  sinuses, extensive destruction of lym­
p ho id  cells, prevailing re ticu lar elements. 4 months tre a tm en t w ith 75 microgrammes per 100 g 

once a week. K illed 72 hours after last dose. H . E . x  100 (C ), x  250 (D )

b e tw e e n  the  en larged  sinuses. Plasm a cells show  a g rea te r resistance to  n itrogen  
m u s ta rd  th a n  th e  follicles and  lym phoid cells (F ig . 7).

W hen  n itrogen  m u s ta rd  had been ad m in is te red  for 2, 4 o r 5 days, th e  
e n t i r e  lym ph node u n d e rw e n t destruction , its  cells becam e transfo rm ed  to  sm all 
c h ro m a to id  spheru les, th e  original s tru c tu re  o f  th e  lym ph  node was unrecogn iz­
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able. In  consequence o f  pro longed  tre a tm e n t, diffuse re ticu la r h y p e rp la s ia  
occurred  in th e  sinuses, th e  follicles, an d  th e  pu lp  (Fig. 6 C, D). T he d es tru c tio n  
process cam e to  an end  q u ite  soon, a f te r  a b o u t 96 hours, b u t th e  ro u n d  eosinophil 
re ticu la r  cells persisted  in  th e  sinuses for a long tim e a fterw ards.

The spleen becom es rap id ly  atroph ized . On prolonged tre a tm e n t th e  organ  
decreases in  volum e to  h a rd ly  h a lf  or one th ird  o f  th e  norm al. The b asic  changes

Fig. 7. Lym ph node. D ilated sinuses, desquam ating endothelial and reticulum  cells w ith  eosi­
nophil cytoplasm  and disintegrated nuclei, as in Fig. 6. Lymphoid cells m ostly destroyed and 
replaced by plasmocytes. T reatm ent w ith 4x 1 0 0  microgrammes (accum ulated trea tm en t), 

killed 24 hours after last dose. H. E. x 280

are  q u ite  sim ilar to  those  occurring  in th e  lym ph  nodes. The w hite  p u lp  show s 
th e  sam e dam age as th e  follicles o f th e  ly m p h  nodes. The M alp ighian  bodies 
soon dim in ish  in  size. P ro longed  tre a tm e n t resu lts  in  the 6 th  to  8 th  w eek in 
a m ark ed  re ticu la r h y p erp lasia , w ith  th e  appearance  of g ian t cells possessing 
several pale nuclei. B o th  single doses an d  prolonged tre a tm e n t a re  follow ed 
by  d isappearance  of cells from  th e  pu lp , d ila ta tio n  of sinuses and  d e sq u a m a tio n  
of th e  sinus endo thelium  an d  subsequen tly  b y  fibrous tra n sfo rm a tio n  o f  th e  
re ticu lum .

A dose producing severe changes in  th e  in testin a l m ucosa (100 m icro ­
gram m es p er 100 g body  w eight) has, in  th e  6 th  hour after th e  in jec tio n , h a rd ly  
an y  sequel in  th e  spleen. I f  th is  dose is rep ea ted  for several su b se q u e n t d ay s , 
grave changes appear also in  th e  spleen.

The thym us  becom es equ a lly  a troph ic . In  anim als wdiich h ad  been  exposed  
to  chronic tre a tm e n t, th e  g land  can h a rd ly  be found. The th y m o c y te s  are  
d e s tru c ted  sim ultaneously  w ith  th e  lym phocy tes. The elem ents d e s tro y e d  are 
carried  from  th e  cortex in to  th e  m edulla w hich la t te r  therefore seem s to  be m ore 
rich in cells th a n  the  co rtex  u n til 12 or 24 hours la te r  when th e  th y m o c y te s  have  
been finally e lim inated  from  the  m edulla w here only the re ticu lu m  rem ain s. 
T hese observations are in accordance w ith  those of G raef et al. [19].
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A ll cells destroyed  o r  s e t  free in ly m p h a tic  o rg an s are  being carried  aw ay  
b y  th e  lym ph s tream . T h is  is, w hy these o rg an s becom e reduced in  vo lum e. 
A f te r  th e  p a ren ch y m ato u s elem ents have d isap p ea red  th e  strom a becom es 
p ro m in e n t. The form  e le m e n ts  carried aw ay can  o fte n  be d em onstra ted  in  th e  
c o r t ic a l  sinus of a ly m p h  n o d e  belonging to  th e  n e x t level.

T h e  alterations o f  th e  testicles were s tu d ie d  in  m ice b y  Landing  e t  al. [36 ] 
w ith  q u a n tita tiv e  e v a lu a tio n  o f the  dam aged  cells. T heir resu lts have  been  
c o rro b o ra te d  b y  our o b se rv a tio n s  of w hich i t  m a y  therefo re  suffice to  give a 
b r ie f  sum m ary . S p erm io cy tes  incurred  the  m o s t severe  dam age. The ev a lu a tio n  
o f  te s tic u la r  changes in  th is  o rg an  presents q u ite  a  prob lem  as th e  sperm iocy tes 
d is p la y  m uch v a rie ty  also  in  con tro l anim als. T h e  ch ro m atin  substance b ecom es 
m o re  disperse and  th e  n u c le i do no t sta in . I n  th e  lay e r of sperm iocytes h igh  
n u m b e rs  of ch rom atin  g lo b u les  appear. T hese, to g e th e r  w ith  th e  ch ro m ato id  
g ra n u le s  which m easure  1 to  2 micra and  possess a  th in  p ro toplasm  b o rd er, 
a re  freq u en tly  found in  th e  lum ina  of th e  te s t ic u la r  tu b u les , beside im m atu re  
fo rm s . A fter a d m in is tra tio n  o f  colchicine o r po d o p h y llin , a  g reat n u m b er o f  
g ia n t  cells derived fro m  sperm iocytes or sp e rm a tid es  were seen to  a p p ea r. 
I n  an im als  receiving p ro lo n g e d  nitrogen m u s ta rd  tre a tm e n t, g ian t cells were 
fo u n d  only excep tionally . T h e  dysfunction o f  sperm iogenesis varies even w ith in  
o n e  te s tic le , being m a rk e d  in  some canalicu lar sec tions w hilst in  o th e r a rea s  
a  m a ss  o f m atu re  sp e rm ia  a re  present. In  r a ts  exposed  to  chronic tr e a tm e n t,  
th e  lesion  of sperm iogenesis is associated w ith  a  d am ag e  to  sperm io-histogenesis. 
I n  m a n y  testicu lar c an a ls  n o  m atu re  sperm ia a re  form ed in  th e  ep id id y m al 
tu b u le s ,  only debris o r ig in a tin g  from  the  d e s tru c tio n  o f  im m atu re  form s, ch ro ­
m a t in  granules of v a ry in g  size an d  in tac t sp e rm io cy tes  m ay  be seen. In  a  few  
a n im a ls  th e  sperm io-h istogenesis rem ained u n im p a ired . W e were u n a b le  to  
d e te rm in e  the  precise t im e  a t  w hich resto ra tio n  o ccu rred  in  th e  anim als tre a te d  
w ith  single doses, ch an g es provoked  by  su ch  t r e a tm e n t being n e ith e r  well- 
m a rk e d  nor ch a rac te ris tic . Follow ing chronic ad m in is tra tio n , full re s to ra tio n  
ta k e s  ab o u t a fo rtn ig h t. (A ccord ing  to  L a nd ing , th e  effect is o f a longer d u ra tio n , 
la s t in g  from  3 to  4 w eeks.)

Changes in th e  lungs  resem ble those in d u c e d  b y  colchicine. In  th e  se p ta  
a  g r e a t  num ber of d e s tro y e d  cells m ay he seefa, th e  origin of w hich c an n o t be 
e s ta b lish e d . D estroyed leu co cy te s  and alveo lar cells carried  in to  th e  spaces o f  
lu n g  tissue m ay likew ise o ccu r, together w ith  n u m ero u s  siderophage cells a n d , 
s tr ik in g ly , a few g ian t ce lls  in  th e  connective tis su e . The epithelium  o f b o th  
th e  b ro n ch i and b ro n ch io li becom es de tached  a n d  so does in  some cases th e  
a lv e o la r  epithelium .

L ittle  can be sa id  o f  th e  kidney. In  th e  p ro x im a l convoluted tu b u le s  en ­
la rg e m e n t of th e  nuclei m a y  b e  observed as soon as 20 m inu tes after th e  in jec tio n . 
F re q u e n tly , especially in  ca se  of cum ulative dosage , large m ononuclear cells 
a re  fo rm ed  w ith en la rged  d isk -like  nucleoli (F ig . 8). T he varia tion  curve o f n u c le i
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of th e  prox im al co nvo lu ted  tu b u les  shows th a t  th e  nu c lea r d iam e te r  is m arkedly  
increased . (This fac t w ill be d ea lt w ith  in  d e ta il in  an o th e r artic le .) T he glom eruli 
are in ta c t.  A  few cells o f  th e  tu b u la r  ep ithe lium  undergo  p y k n o tic  d isin tegra tion

Fig. 8. Kidney. Enlargement of nuclei in tubular epithelium, desquam ating cells. Single injection 
of 200 microgrammes per 100 g. Killed 20 min. after injection. H . E. x  830

Eig. 9. K idney. After the expulsion of tubular epithelium the network o f  the basal membrane 
constitutes a cystic structure. Below, regenerating epithelial proliferation like in  the duodenum 
(Fig. 3.). Dose, 2 X 100 microgrammes per 100 g. Killed 12 hours after th e  second dose. H. E.

X  250

an d  becom e de tached  an d  i t  m ay  also occur th a t  a f te r  th e  desq u am atio n  of the 
ep ith e liu m  th e  ne tw o rk  o f th e  basa l m em brane is le ft b ack  like a fram e. Signs 
o f  ep ithe lia l regeneration  are  p resen t like in  th e  duodenum  (F ig . 9).

T he changes o f  th e  lym ph follicles occurring  in  som e organs (lungs, intestine) 
o f  th e  r a t  exh ib it th e  sam e m orphological fea tu res and  course as th e  lym ph  nodes.
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Comment

S ev era l opinions have  b e e n  form ed concerning th e  ac tion  m echanism  of 
n itro g e n  m u sta rd , according to  a ll of which th e  essen tia l effect consists in  
in h ib itio n  o f some enzym atic  p ro cess . I t  is com m on be lie f th a t ,  following th e  
io n isa tio n  o f nitrogen m u s ta rd , a  cross linkage is fo rm ed  betw een  pro te in  and 
n u c leo p ro te in  molecules. T he a c tiv e  group of nitrogen  m u s ta rd , th e  b ifunctional 
ca rb o n y l-im in o  radical w ould  e n te r  in to  reaction e ith e r w ith  enzym es contain ing  
a  s u lfh y d r il  group, or w ith  o th e r  groups, or perhaps i t  w ould be d irectly - bound 
to  desoxyribonuclein ic or ribonuc le in ic  acid. B rand  an d  G riffin  [9 ] could p ro tec t 
an im a ls  aga in st th e  le thal e ffect o f  a h igh  dose of nitrogen m u s ta rd  b y  adm inistering  
a g re a t  q u a n tity  of cystein , ju s t  as Patt and his associates [44 ] have averted  
th e  e ffe c t o f  X -rays. These fa c ts  su p p o rt th e  assu m p tio n  th a t  th e  effect o f 
n itro g e n  m u sta rd  is closely re la te d  to  th e  su lfhydril g roup . G ilm an  and  P hillips  
[18 ] c la im  th a t  n itrogen  m u s ta rd  ac ts  upon several enzym es, first of all on 

p h o sp h o k in ase .
A ccord ing  to  Selye, D u s tin ’s karyoclastic  crisis shou ld  be regarded  as a 

s tre ss . T h is  view has no t b een  a d o p te d  by  K a rn o fsky , Graef, Sm ith  [28]. The 
d iffe re n t progress of th e  e ffec ts  o f  n itrogen  m u sta rd  an d  colchicine m ay  serve 
as a  f u r th e r  argum ent in fa v o u r  o f  th e  specificity o f th e  ac tion . The cytologic 
e ffec t o f  n itrogen  m ustard  is e x e r te d  on ex p lan ta ted  tissue  as well. ( Schreck, [46 ]; 
T ell, A ls o p  [54]). O rgans te m p o ra r ily  excluded from  th e  blood circulation  
show  n o  sign of in ju ry  a f te r  ad m in is tra tio n  of n itro g en  m u sta rd  ( K a rn o fsky  
e t  a l.,  [28]). These facts, in  o u i  op in ion , suffice to  p rove  th a t  th e  changes are 
due  to  a characteristic  po ison  effect.

M orphological ex am in a tio n s  h av e  revealed a n o th e r aspect of n itrogen  
m u s ta rd  ac tion . On th e  basis  o f  o u r  resu lts i t  seems w a rra n te d  to  refu te  th e  
o p in io n  o f  J .  Bichel [4] a n d  H eilm a yer  [21], according to  w hom  th e  effect 
o f  n itro g e n  m ustard  would b e  lim ite d  to  a certa in  region o f th e  chrom osom es, 
th e  so -ca lled  heterochrom atin . A lth o u g h  th e  m ost m ark ed  lesions occur in  the  
nu c le i, th e  changes observable in  th e  cytoplasm  are b y  no  m eans inconsiderable 
e ith e r . T h e  close correlation b e tw e e n  nuclear and  cy to p lasm atic  nucleoproteins 
d e m o n s tra te d  b y  L epesh inskaya m akes i t  probable  t h a t  sim ultaneously  w ith  
n u c le a r  in ju ry  the  cy toplasm  becom es equally  in ju red .

N itro g en  m ustard  ex e rts  i ts  ac tion  not only on d iv id ing  form s b u t also on 
re s tin g  cells. I t  is for th is  reaso n  th a t  the  effect o f th e  com pound has been 
te rm e d  »rad iom im etic« . I t  h a s  b een  supposed th a t  only re stin g  cells are dam aged 
a n d  t h a t  th e  pathologic a r ra n g e m e n t of the ch rom atin  o f d iv id ing  cells would 
be d u e  to  a previous lesion (  J .  B ichel, [4 ] ; Loveless an d  Revell, [39 ] ; K a r­
n o fs k y , '  [26] ; M adsen, ]40 ] ; H o h l  and  Schinz, [23]). In  con trad istinc tion  to  
th is , colchicine is th o u g h t to  d am ag e  exclusively th e  d iv id ing  cells. This form  
o f d is tin c tio n  betw een th e  tw o  com pounds, b o th  of w hich in terfere  w ith the
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w hole course of cell developm ent, seems u n ju stified  in  sp ite  of th e  fa c t th a t  
th e  m ost m arked  a n d  especially  th e  m ost ch a rac te ris tic  m orphological changes 
occur in  d iv id ing cells. As regards colchicine, th e  s ta tem en t has m ore or 
less been  proved th a t  m ost o f th e  dividing cells are  found  to  be in  th e  p h ase  
of m etaphasis, on acco u n t o f th e  fac t th a t  d iv ision  canno t proceed b ey o n d  th a t  
ph ase  and  th e  m a jo rity  o f cells reaching th e  stage  of an aphasis undergoes 
d es tru c tio n . A fter adm in istering  n itrogen  m u sta rd  no phase has been  found 
to  p revail am ong th e  d is to rted  m ito tic  form s.

The m ost im p o r ta n t difference betw een  th e  effects o f the tw o  com pounds 
w as in  the  progress o f th e  actions. The first changes produced b y  colchicine 
a p p e a r after one h a lf  to  one hour, in tensive cell d estruc tion  is observed a fte r  2 hours, 
th e  peak  of th e  effect occurs a fte r 24 hours. A fte r 48 hours, re s to ra tio n  is nearly  
com plete  and th e re  h a rd ly  rem ains a sign of th e  to x ic  ac tion  suffered. The effect 
o f  n itrogen  m u sta rd  appears m uch earlier. As soon as a fte r 10 m in u tes  changes 
a re  a lready  observable  and  th e  nuclear in ju ry  becom es quite  charac teris tic  
a f te r  30 to  60 m in u tes . The peak  of th e  effect is a tta in e d  in  6 to  12 hours. I t  is 
a n o th e r  d istinc tive  fea tu re  th a t ,  especially in  th e  in testin es , th e  effect o f n itrogen  
m u s ta rd  is p ro tra c te d  an d  decom posing nuclei m ay  still be found as la te  as on 
th e  5 th  day. This la t te r  fac t canno t be exp la ined  except b y  a recurrence 
o f  th e  destruction  process. V ery characteristic  are  th e  la te  changes ap p earin g  
in  th e  mucosa o f th e  duodenum , ileum , and , less frequen tly , th e  colon.

B o th  com pounds e x e rt th e ir  action  on all cells o f the  organism . The 
in ju ry , however, ap p ears  in  th e  single organs w ith  fairly  ch a rac te ris tic  m o r­
phological fea tu res. F ro m  all th e  changes observed  in  poisoned ra ts , th e  d u o d e ­
n u m  seems th e  o rgan  m ost su itab le for e s tim a tin g  th e  effect. W ith in  6 to  12 
hours after in jec ting  th e  substance the  changes induced  in  th e  duodenum  
becom e so profound as to  render th e  s tru c tu re  o f  th e  c ry p ts  un recogn izab le . 
O f course, the lesions depend  b o th  on th e  q u a n tity  of th e  drug  ad m in iste red  
a n d  th e  frequency  o f th e  in jections. A co m parative ly  low dose m ay  w ith in  48 
h o u rs  be foliowed b y  com plete re s titu tio n . A fte r a h igh dose and  a fte r  rep ea ted  
a d m in is tra tio n  regenera tion  is p ro trac ted . Soon a fte r th e  in jection  o f n itrogen  
m u sta rd , th e  d is in teg ra tio n  o f cells is s ta r te d  an d  th e  num ber o f m itoses is 
lessened (» in itia l m ito tic  depression« of W erber e t  al. [57 ]). S im ultaneously  
w ith  th e  d isin teg ra tion , grave reactive phenom ena occur. The la t te r  m ay  be 
due to  bac te ria l invasion  in consequence o f th e  ep ithelia l destru c tio n  b u t  it  
c an n o t be excluded th a t  substances set free d u ring  decom position are  responsible 
fo r th e  in flam m ato ry  reac tion . P a r t  o f th e  ch ro m atin  globules escapes th ro u g h  
th e  lum ina w hilst th e  m a jo rity  finds its  w ay in to  th e  connective tissue su rro u n d ­
ing th e  cryp ts. In  su rv iv ing  anim als th e  ep ithe lium  o f th e  in te s tin a l m ucosa 
soon becomes rep laced  while in flam m ato ry  phenom ena m ay persist for from  
9 to  13 days. P ro tra c te d  ad m in istra tion  has n o t been followed b y  pe rm an en t 
changes, aside from  som e c icatrization  of th e  sub-m ucosa. As m en tioned  above,
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cy s tic  d ila ta tio n  of L ieb erk ü h n ’s c ry p ts  is freq u en tly  p resen t. D uring  re s ti tu tio n  
th e  ep ith e liu m  m ay  be q u ite  f la t .  This phenom enon  has been ta k e n  b y  som e 
a u th o rs  fo r m etap lasia  (e. g. B arberio  e t  al. [3 ] w ho observed i t  in  th e  m ucosa 
o f  th e  colon). I t  should be m en tio n ed , in  ad d itio n , th a t ,  according to  G riffin  [20 ], 
fu r th e r  B o y la n d  and H orring  [7 ], n itrogen  m u s ta rd  w ould p ro m o te  neoplasm  
fo rm a tio n . In  our v iew , decom position  an d  tu m o u r  fo rm atio n  are  processes 
so c lo se ly  re la ted  th a t  th e  c a p a c ity  o f  n itrogen  m u s ta rd  o f giving rise to  m a lig n an t 
g ro w th  m a y  read ily  be ex p la in ed , th o u g h  su ch  an  effect d id  n o t occu r in  th e  
course o f  our experim ents.

T h e  changes observed  in  th e  stom ach  an d  th e  en tire  a lim en ta ry  t r a c t  
w ere essen tia lly  iden tica l. I n  re sp ec t o f th e  sev e rity  of changes, th e  sm a ll 
in te s tin e  com es n e x t a fte r  th e  d uodenum , th e n  follow  th e  colon an d  th e  s to m ach  
w here  processes are g radually  m ilder. In te s tin a l c lin ica l sym ptom s have  n o t been 
o b se rv ed  a fte r  nitrogen m u s ta rd  ad m in is tra tio n  (S p itz , [52]; M a lyu g h in a , [41 ] .

T h e  lym ph  ap p ara tu s  b e ing  less sensitive th a n  th e  a lim en ta ry  canal, th e  
tr a n s i to ry  re ticu la r h y p e rp la s ia  m ay  be follow ed b y  com plete  r e s t i tu t io n . 
T he m o s t conspicuous changes ap p ea r in  th e  th y m u s  g land , while th o se  o f th e  
sp leen  a n d  th e  lym ph nodes a re , as regards d u ra tio n  and  q u a lity , e ssen tia lly  
sim ila r.

T h e  general effect ex e rte d  on th e  organism  is well s how n b y  th e  c h a ra c te r ­
istic  changes of th e  cells in  th e  liver and  th e  k id n e y .

S evera l au thors have in v es tig a ted  th e  ac tio n  o f th e  com pound  on th e  
haem o p o ie tic  ap p ara tu s  (Courtice, [ 1 4 ] ;  Cameron a n d  Courtice, [ 1 3 ] ;  B loch , 
S p u rr , Jacobson  and  S m ith , [6 ]). T he lesion o f  haem opoiesis is ou ts id e  o u r 
concern . A ccording to  all th e  li te ra ry  d a ta , th e  e ffec t is ea rly  an d  m a rk e d . 
T h e  d is tu rb an ce  of sperm iogenesis m an ifests  i ts e lf  a t  a la te r  tim e  a n d  la s ts  
longer, be in g , how ever, sooner o r  la te r , follow ed b y  res to ra tio n .

T h e  differences betw een  th e  changes o c c u rr in g  in  various organs can n o t 
be  e x p la in e d  b y  th e  d is tr ib u tio n  o f  n itrogen  m u s ta rd  in  th e  organism . S trik in g ly , 
th e  co m p o u n d  is no t accu m u la ted  in  organs d isp lay ing  a high m ito tic  in d e x , 
a lth o u g h  i t  is in  those organs th a t  th e  m ost g rave  changes occur. S k ip p e r , 
B e n n e t  a n d  Langham  [51] h a v e  exam ined  th e  d is tr ib u tio n  o f n itrogen  m u s ta rd  
in  th e  o rgan ism  b y  ad m in is te rin g  rad ioac tive  ca rb o n  (C14). 6 hours a f te r  th e  
in je c tio n  th e  largest q u a n titie s  w ere found , beside th e  lym ph  a p p a ra tu s , th e  
in testifies  an d  th e  testic les, in  th e  b ra in  an d  th e  ad ren a l glands. A fte r 24 h o u rs  
th e  g re a te s t  accum ulation  w as fo u n d  to  be p re se n t in  th e  ad renals an d  th e  
th y m u s . O n ly  little  was b o u n d  b y  th e  bone m arro w  in  w hich th e  m ax im u m  
effec t c a n  be observed. T he sam e resu lts  w ere o b ta in ed  b y  Boursnell [8] who 
e x a m in e d  th e  d is trib u tio n  o f su lp h u r-m u sta rd  con ta in ing  rad ioactive  su lp h u r. 
S im ilar exam inations w ere p erfo rm ed  b y  Seligm ann , Rutenburg  an d  F ried ­
m ann  [49 ] b y  su b stitu tin g  th e  chlorine o f n itro g en  m u sta rd  w ith  ra d io a c tiv e
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iod ine. T hey  found th a t  th e  tu m o u r d id  n o t co llec t m ore rad ioactive su b stan ce  
th a n  d id  th e  o ther tissues.

I n  ou r experim en ts, w hen  th e  ad m in is tra tio n  o f  a single high dose o f  n itro g en  
m u s ta rd  h ad  been rep ea ted  th ree  o r four tim es (accum ulated dosage), th e  
effect induced  was, as could be ju d g ed  from  th e  histological changes a n d  th e  
course, n ea rly  iden tica l w ith  th e  one observed  a fte r  in jecting one sing le h igh 
dose. A d m in is tra tio n  con tinued  for several w eeks o r m onths was n o t fo llow ed b y  
la s tin g  changes e ith e r ; th e  ep ithe lium  reg en era ted , the cystic d ila ta tio n s  of 
th e  in te s tin a l ep ithe lium  van ished  an d  th e  slig h tly  increased am ount o f  connective  
tissu e  rem ained  th e  only  lastin g  sign p o in tin g  to  previous dam age. O bserv ing  
changes consecutive to  prolonged tre a tm e n t a f te r  periods iden tica l w ith  th o se  
a fte r  w hich  th e  acu te  effect h ad  been ex am ined , i t  could be estab lish ed  th a t  
th e  lesions developed in  such an  order an d  fo rm  as i f  only a single dose w ou ld  
h av e  b een  in jec ted . A ll th is  corroborates th e  v iew  th a t  the  chronic e ffec t consists 
in  n o th in g  else b u t  a rep e titio n  o f several a c u te  processes each of th e m  in d u ced  
b y  a  single dose. The effect o f  nitrogen  m u s ta rd  la s ts  longer th a n  t h a t  o f  colchi­
cine. T h u s  one could  assum e th a t  m in u te  doses, adm inistered  d u rin g  a  longer 
p erio d , cause th e  sam e effect as a large sin g le  dose.

T h e  ac tio n  o f  b o th  n itrogen  m u sta rd  an d  colchicine was e x a m in e d  in  
d e ta il also on tra n sp la n te d  G uérin’s cancer. T he resu lts  o f these ex am in a tio n s  
have  a lread y  been  rep o rted  a t  th e  1st Congress o f Oncology b u t  i t  m u s t be 
em p h asized  again th a t  th e  cytologic changes observed  in tum ours w ere id en tica l 
w ith  th o se  observed in  organs. R apaport [45 ] perfo rm ed  m orphological e x a m in a ­
tio n s  on  h u m an  p ro s ta ta  cancers tre a te d  w ith  synoestrol and  s ta te d  th a t  
» . . .b y  th e  re s titu tio n  o f  a tum orous disease th e  decrease of th e  tu m o u r  in  size 
sh o u ld  be m ean t , . . occasionally  its  com plete  disappearance w ith o u t th e  
occurrence  o f destru c tiv e  processes«. H e em phasized , in  addition , t h a t  decom ­
p o sitio n  should  n o t be em ployed as a m easure  in  th e  m orphological e v a lu a tio n  
o f regressive processes. In  his view , decom position  has a causal re la tio n  to  g ro w th  
a n d  rep resen ts  a cycle o f th e  la tte r . A tro p h y  is th e  m ost reliable sign o f  tu m o u r 
regression . The correlation  o f dystroph ic  p h en o m en a  w ith  w ound h ea lin g  an d  
tu m o u r  g row th  was a lready  po in ted  ou t b y  us (D évén y i, Kellner, 16 ; K ellner, 
Holczinger, [31] ; K ellner, 29, 30). I t  is possible th a t  horm one tre a tm e n t ex e rts  
its  e ffec t upon  tu m o u rs  b y  m eans o f a tro p h iz in g  processes, perhaps th ro u g h  an  
am ino  acid  deficiency. D ystroph ic  processes a re , however, increased  b y  b o th  
colchicine and  n itrogen  m u sta rd , b y  w hich ac tio n  th e  cell d estruc tion  cau sed  b y  
th ese  com pounds becom es considerably  m ore ex tensive  th a n  th e  p rocess neces­
sa rily  p resen ting  itse lf  during  tu m o u r developm ent. B oth  th e  com pounds 
p ro d u ce  form s of cell d isin teg ra tion  never observed  w ithout th e ir  ap p lica tio n .

R ecord ing  o f dystroph ic  changes in  a tu m o u r  is no easy ta sk , especially  
n o t in  tra n sp la n te d  tu m o u rs  characterized  b y  co n stan t and ex tensive  d es tru c -
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t io n . A  m ethod  shou ld  b e  devised  th a t  w ould o ffer m eans for the  e v a lu a tio n  o f  
th e  cy to to x ic  effect in  th e  presence o f th e  c o n s ta n t and  extensive d y s tro p h ic  
p rocesses. The s tu d y  o f  n o rm al organs an d  tissu es  m ay  be of assistance ju s t  in  
th e  u n d ers tan d in g  a n d  ev a lu a tio n  of th e  chan g es occurring in tu m o u rs .

Summary

The effect o f nitrogen m ustard , methyl bis-jî-chloroethylaaiine hydrochloride, was e x ­
am ined in 60 white ra ts . Histologic changes of th e  stomach, intestinal mucosa, lym ph 
appara tus, liver, lungs and kidneys, were chiefly studied. T hree forms of dosage were employed (i) 
one single dose of 100 or 200 microgrammes per 100 g body weight, (ii) the same dose given 
daily  for 3 or 4 consecutive days, an d  (iii) 75 to  100 m icrogram m es per 100 g for from 7 to  155 days.

Nitrogen m ustard dam ages no t only cells engaged in  th e  process of mitosis. Lesions were 
p resen t in  addition to  those in  th e  liver, kidney and lungs, also in every non-dividing cell o f 
a ll th e  organs examined. T his fa c t shows th a t the com pound acts on the nucleoprotein substance 
o f th e  entire organism.

The most severe changes occurred in the duodenal m ucosa ; those of the small in testine 
and colon were, however, also m arked and essentially sim ilar. The lymph apphratus is alm ost 
equally  sensitive. In  the la t te r  system  the chromatin dissociated into globules while in the epithe - 
Hum decomposition th rough  m itosis was also frequent. In  th e  testicles, injury to  spermiogenesis 
prevailed.

Cell destruction s ta rted  10 minutes after adm inistra tion  of the drug. A fter 1 hour the 
nuclear substance became powder-like, subsequently to  agglutinate into coarse globules while 
the cells underwent destruction. D iaster and other d isto rted  pathological forms could be observed 
The m axim um  effect occurred after 6 to  12 hours. In tensive restitution began after 24 to  
48 hours, rem nants of th e  changes were, however, still p resen t after 4 or 5 days, com pletely to 
disappear a t  a la ter tim e.

The chronic effect corresponds to repeated acu te  effects. Each single adm inistration of 
nitrogen m ustard is followed by identical changes w hich tak e  the same course as those induced 
by  a  single injection.

A sHght difference exists between the action o f n itrogen  m ustard and colchicine, m ainly 
a t  th e  onset. The changes due to  colchicine develop a t  a  slower pace and their regression is 
m ore rapid.
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В Л И Я Н И Е ОСТРОГО И ХРОНИЧЕСКОГО Л Е Ч Е Н И Я  ГОРЧИЧНЫМ АЗОТОМ
НА ОРГАНЫ КРЫС

Я . Шугар и Б. Келльнер 

Р е з ю м е

У 60 белых крыс мы исследовали гистологические изменения, вызванные 
лечением горчичным азотом (Г. А.) (Метил-бис хлористоводородный [хлорэтил]- 
амин), в первую очередь цитологические изменения, возникавшие в слизистой желудочно- 
кишечного тракта, в лимфатической системе, в печени, в почках и в легких. Г. А. пода­
вался отчасти в большой дозе (200 гамма на 100 г веса), отчасти половиной этой дозы 
3— 4 дня подряд.

Следующая группа животных получила 75— 100 гамма через 3 дня, в течение 
7 — 155 дней. Животные убились в разных сроках после последнего впрыскивания.

Из исследованных нами органов самые тяжелые изменения встречались в слизи­
стой двенадцатиперстной кишки, в которой уж е 10 минут после подачи средства наблю­
даются явления распада клеток ; через час вещество ядер распадает на мелкие пылевид­
ные шарики, затем снова объединяется в более крупные глыбы, а клетки распадают. 
Можно видеть и патологические диастры, но и такие уродливые формы деления, которые
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не напоминают ни на одну известную форму клеточного деления. Это говорит за то, что 
данное вещество оказывает до конца вредное влияние на клетки, находящиеся в делении. 
На органах максимум изменений наблюдается чаще всего через 6 -  12 часов ; большинство 
изменений через 24 48 часов оканчивается, но возвращение к норме начинается в го­
раздо более медленных темпах,и следы изменений найдутся и 5 дней спустя. По сути дела 
подобные изменения наблюдаются в слизистой тонких и толстых кишек. На месте погиб­
ших клеток образуется новая популяция клеток ; в лимфатических органах хроматин 
распадает на шарики ; в яичке в первую очередь страдает спермиогенез. Влияние хрони­
ческого действия, собственно гэворя, соответствует повторенному острому действию 
потому, что каждый раз после инъекции развиваются такие же изменения, исход кото­
рых в общем ’.акой же, как у острого действия.

Горчичный азот оказывает вредное влияние не только на делящиеся клетки ; 
нам удалось обнаружить изменения и в печени, почках, легких, хотя там митозы встре­
чаются редко. Эго говорит за то, что этот яд влияет на нуклеопротейный состав всего 
организма. Мы подробно сопоставили гистологические изменения, возникавшие под 
влиянием колхицина с теми, вызванными горчичным азотом. В морфологических кар­
тинах, вызванных этими двумя средствами, имеется тонкая разница, проявляющаяся 
прежде всего во влияние на делящиеся клетки. Цитологическое действие горчичного 
азота в начале различается от действия колхицина. Изменения, вызванные колхицином, 
развиваются медленнее и быстрее проходят.

A kiadásért fe le l: M estyán János M űszaki felelős: F a rk as  Nándor
K éz ira t beérkezett 1953. III. 11. — Terjedelem  11'5 (A/5) Ív, 63 ábra 4* 3 melléklet

A kadém iai nyom da, C erlőczy-u. 2. — 23980 — Felelős v ez e tő : if j. Puskás Ferenc
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