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I t  has rep ea ted ly  been  o bserved  in th e  course of our c h e m o th e ra p e u tic  
e x p e rim e n ts  th a t  an im als, cu red  of m a lig n an t g ro w th  by  m eans o f  1,6-bis 
(-ch lo ro e th y l-am in o -l,6 -d eso x y -D -m an n ite -d ih y d ro ch lo rid e ) BCM (D eg ran o l), 
d ied  nev erth e less  a fte r som e tim e , a lthough  even th e ir  haem o p o ie tic  a p p a 
ra tu s  had  becom e norm al ag a in . A u to p sy  u su a lly  failed to  reveal th e  cause 
of d e a th .

I t  is know n th a t  v a rio u s cy to c id a l and c y to s ta tic  p re p a ra tio n s  —  such  
as m u s ta rd  n itro g en , —  ind u ce  pa tho log ic  changes n o t only in tissu es  th a i  
show  a h igh  m ito tic  index (e. g. b one  m arrow , ly m p h a tic  tissu e , sex u a l g lan d s) 
b u t  also in o th e r organs [1, 2, 3, 4 ]. Such changes a re , how ever, n o t  su f
f ic ie n tly  serious to  explain  th e  d e a th  of th e  an im als. P re lim in a ry  tox ico lo g ica l 
te s ts  h ad  d em o n stra ted  th a t  p rec ise ly  from  a toxicological p o in t o f v iew  w as 
BCM su p erio r to  th e  usual ch em o th e rap eu tica l a n titu m o u r  d rugs [5], an d  th a t  
i t  w as th e  one causing th e  le a s t fa ta l organic lesions. E n d e a v o u rin g  to  find  
an e x p la n a tio n  for the su b seq u en t d e a th  of a p p a re n tly  healed  an im als  w hich 
h ad  recovered  th e ir  n o rm al w e ig h t, we su b jec ted  th e ir  in te rn a l o rg an s  to  
a r e p e a te d  analysis. In  do ing  so we w ere led b y  the  co n sid e ra tio n  t h a t  th e  
low er to le ran ce  of tum orous an im als  or th e  fa c t th a t  chem icals a re  a d m i
n is te re d  m uch longer in th e ra p e u tic  ex p erim en ts  th a n  in  the  usual tox ico log ica l 
te s ts  m ig h t so m odify e x p e rim e n ta l cond itions as to  provoke fa ta l  Organic 
lesions.

W e focussed our a t te n tio n  on the  liver n o t only because we k n e w  th e  
role th is  organ  plays in th e  d e to x if ic a tio n  of v a rio u s substances and  chem ica ls  
[6], b u t  also because D avison  e t al. [7] in m ice, and  B oursnell  e t  al. [8} 
in  ra b b its , had  found th a t  a considerab le  p a r t  (50 p er cen t in  th e  case o f  
ra b b its )  o f  rad io ac tiv e  m u s ta rd  n itro g en , a su b stan ce  closely re la te d  to  BCM , 
a f te r  b e in g  in tro d u ced  in to  th e  o rg an ism , was c o n cen tra ted  in th e  b ile  b y  th e  
liv e r  w ith in  a very  sh o rt t im e , as a m a tte r  of fa c t a f te r  th e  lapse o f  an  h o u r . 
A n d , as w as expec ted , we fo u n d  su ffic ien tly  g rave  h ep a tic  lesions in  q u ite  
a few  an im als  th a t ,  th o u g h  cu red  o f tu m o u r, h ad  nev erth e less  su ccu m b ed  
su b se q u e n tly .
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E ncouraged  b y  th e s e  observations we s ta r te d  sy s tem atic  ex perim en ts 
w ith  a view  to  s tu d y in g  th e  liver-dam ag ing  ac tio n  of BCM. O ur s tud ies were 
e x te n d e d  to  a s im u lta n e o u s  ex am in a tio n  o f  th e  liv e r-d am ag in g  effect of 
m u s ta rd  n itrogen , a d ru g  re la ted  to  b u t  m a n y  tim es  as tox ic  as BCM, as also 
o f  tw o  other m u s ta rd  d e r iv a tiv e s , nam ely  th e  N -ox ide m u sta rd  (M itom en) [9] 
a n d  pheny la lan ine  m u s ta rd  (Sarcolysine) [10].

M ethod

H ealthy , n o n - tu m o u ro u s  ra ts  were used in  th e  e x p erim en ts . W e p erfo rm ed  experim ents 
o f  th re e  types, each in  se v e ra l parallels.

T he f irs t k in d  o f e x p e rim e n ts  consisted in  a d m in is te rin g  a single m ed ian  le th a l dose 
(L D 50) of the  said d ru g s  to  th e  te s t  anim als ; i ts  e ffec t on  th e  liver w as th e n  ascerta ined  a t 
v a r io u s  tim es (from  24 to  168 hours) following in je c tio n .

In  th e  second series w e t r ie d  to  im ita te  th e ra p e u tic  cond itions b y  su b jec tin g  th e  anim als 
t o  ch ron ic  trea tm e n t : w e g a v e  th em  15 to 35 in je c tio n s , d is tr ib u te d  over an  a d eq u a te  period  
o f  tim e , in  such doses as w ere  k n o w n  to inh ib it th e  g ro w th  of tu m o u rs . T he an im als were killed 
a f te r  th e  last in jec tion .

The th ird  series o f e x p e rim e n ts  was sim ilar to  th e  second, w ith  th e  only d ifference th a t  
th e  an im als were n o t sa c rif ic e d  im m ediately  a f te r  th e  t re a tm e n t  b u t  allow ed to  live for 10 
to  50 days after th e  la s t  in je c tio n .

The experim ents w ere  re p e a te d  la te r and  su p p le m e n ted  b y  liver fu n c tio n  te s ts  (brom sul- 
p h a le in  clearance). In  m a k in g  a n d  evaluating  th e  te s ts  we ad o p ted  th e  m eth o d  of Ahmad  
a n d  Frazer [11]. T he a n im a ls  rece ived  in trav en o u s ly  25 m g /k g  of 0 ,5%  brom su lp h ale in  solu
t io n .  B rom sulphalein  d e te rm in a tio n  was perfo rm ed  in  0,5 m l o f serum . T he colour reac tio n , 
o b ta in e d  after th e  a d d it io n  o f  1 0 %  N aO H , was e s t im a te d  b y  m eans o f P u lfrich ’s p h o to m e ter 
w i th  a n  S53 filtre . T he d eg ree  o f  brom sulphalein  r e te n tio n  w as expressed  in  p e r  cents.

R e su lts

The firs t m o rp h o lo g ica l a lte ra tio n  o b se rv ed  in  so-called acu te  ex p e ri
m e n ts , i. e. those p e r fo rm e d  w ith  m ed ian  le th a l  doses was th e  in itia lly  p a r tia l 
a n d  subsequen tly  c o m p le te  glycogen d e p le tio n  in  th e  liver. P a r tia l  dep letion  
to o k  place as ea rly  as f ro m  24 to  48 h o u rs  a f te r  th e  in jec tion  o f an y  of the  
fo u r  chem icals. S ec tio n s  s ta in ed  w ith  th e  M c M a n u s — H o t c h k i s s  m ethod  
re v e a le d  a p a rt fro m  th e  vessel walls a n d  K u p ffe r’s cells, only  iso la ted  and  
s c a tte re d  PA S-positive ce lls, im parting  a m osaic-like s tru c tu re  to  th e  liver 
(  F ig .  1 ) .  The d isa p p e a ra n c e  of glycogen b ecam e  com plete  a f te r  72 hours : 
b y  th is  tim e, only  th e  v esse l walls and  th e  K u p ffe r cells (the  la t te r  usually  
d e sq u a m a te d  and sw o llen ) rem ained  P A S -p o sitiv e . The liv er o f  anim als 
t r e a te d  w ith BCM, a f te r  h av in g  lost its  g lycogen  c o n te n t, u n d e rw en t in  the  
m a jo r i ty  of th e  cases a  ra p id  fa t ty  d e g e n e ra tio n  (w ith in  72 to  96 hours) 
acco m p an ied  by  th e  a p p e a ra n c e  of d iffuse , la rg e  d ro p le ts , while —  in  som e 
c a se s  —  it recovered  i ts  glycogen co n ten t. T re a tm e n t w ith  an y  o f th e  o th e r 
th re e  drugs (i. e. m u s ta rd  n itrogen , M ito m en  an d  Sarcolysine) w as alw ays 
fo llow ed  after 96 h o u rs  b y  the re a p p ea ran ce  o f  glycogen in  th e  liver, and 
th e r e  rem ained  on ly  s c a t te r e d  foci o f f a t ty  d eg en e ra tio n  w ith  sm all d rop lets.

I t  should be n o te d  t h a t  the  described  p rocess w as b y  no m eans th e  sam e 
in  e v e ry  anim al. T h e  l iv e r  o f  m ost an im als g ra d u a lly  recovered  its  glycogen-
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Fig. 1. L iv er  o f  rat in je cted  w ith  a single in tra v en o u s L I )-0-dose  o f  BCM (80 m g /k g ) , co m 
p le te ly  d ep leted  o f  g ly co g en  72 hours after trea tm en t. A p a rt from  K u p ffer  ce lls , o n ly  o c 
ca sio n a l, iso la ted  P A S -p o sit iv e  h ep a tic  cells are ob serv a b le . M cM an u s-IIotch k iss s ta in  ; X 2 4 0  
Fig. 2. L iv er  o f  rat in tr a v en o u s ly  in je cted  w ith  1 4 x 1 0  m g /k g  o f  BCM (L iv ed  17 d a y s  a fter  
f ir s t  in je c tio n ). L ob u lar stru ctu re  o f  liv er  no longer v is ib le  ; h ep a tic  p a ren ch ym a d isso c ia te d  ; 
h e p a tic  ce lls sw ollen  ; p la sm a  vacu o lised  ; m an y  d is in teg ra tin g  e lem en ts . H a e m a to x . eo s .,

X 240

s to rin g  pow er, so th a t  168 hours a fte r  the a d m in is tra tio n  o f the  sing le  large 
dose th e  liver was seen to  be no rm al again . T he in d iv idua l s e n s itiv ity  o f the  
an im als co n stitu ted  a g rea t —  we can say  a decisive —  fac to r in in fluencing
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th e  c h a ra c te r , p rogress o r reg ress, of h e p a tic  a lte ra tio n s . E v en  a h ig h  s ta n d 
a rd iz a tio n  of e x p e rim e n ta l conditions (p u re -b red  an im als o f e q u a l body  
w e ig h t, age and  sex , s ta n d a rd iz e d  d ie t an d  flu id -u p tak e ) d id  n o t e lim in a te  
d iffe ren ces in  in d iv id u a l sen s itiv ity .

T he s itu a tio n  w as e ssen tia lly  sim ilar w ith  chronic tre a tm e n t .  G roups 
o f  te n  anim als each w ere  used for such e x p e rim e n ts , w hich w ere re p e a te d  
2 to  3 tim es. T here  w ere  n e v e r m ore th a n  2 or 3 an im als in  a g ro u p  of te n  
to  re v e a l serious h e p a tic  lesions : the  liv er o f  th e  re s t  h ad  e ith e r  rem ain ed  
co m p le te ly  in ta c t or —  a t  th e  m ost — h ad  lo st som e o f its  g lycogen, undergone  
m ild  p a ren ch y m al d e g e n e ra tio n  or a d e sq u am a tio n  o f K u p ffe r’s cells. A fte r 
c h ro n ic  tre a tm e n t w ith  M ito m en , m u sta rd  n itro g en  or Sarco lysine, even  the 
g ra v e s t  sym ptom s d id  n o t  go beyond  a f a t ty  d eg en era tio n  w ith  foci o f  sm all 
d ro p le ts .

Some of th e  an im als  th a t  h ad  been su b je c te d  to  chronic tr e a tm e n t  w ith  
B C M  show ed, how ever, v e ry  grave h ep a tic  lesions. In  these cases th e  lobu lar 
s t r u c tu r e  of the  liv er h a d  d isap p eared , and  m o st o f th e  p a ren ch y m a w as found 
to  co n sis t of large, b lo a te d  cells w ith  pale eosinophilic  cy top lasm . T h ey  were 
o f  v a ry in g  size and  s i tu a te d  side by side, w ith o u t an y  reg u la r s tru c tu re . B e t
w een  th em  we e n c o u n te re d  m an y  sc a tte re d  cells in  various s tages o f d e te rio 
r a t io n ,  pycno tic  n u c lea r d is in teg ra tio n  an d  k a ry o ly s is , w ith  th e ir  cy to p lasm  
m o re  o r less vacuo lised . W e found occasionally  also m u ltin u c lea r synp lasm - 
lik e  s tru c tu re s  (F ig . 2). Som e o f th e  large sw ollen  cells p roved  to  be sudano- 
p h ilic , and  p a r t  of th e m  d isp lay ed  P A S -p o sitiv ity  a t  th e  sam e tim e . I t  was 
in te re s t in g  to  observe t h a t ,  fa r  from  m ak ing  th e se  cells P A S -nega tive , sa liv ary  
d ig e s tio n  ra th e r  in c reased  th e ir  p o sitiv ity .

A gain , in  o th e r  cases th e  liver h ad  lo s t its  lo b u la r s tru c tu re  an d  was 
fo u n d  to  consist of g re a tly  sw ollen cells w ith  fo am y  vacuolised  cy to p lasm  ; 
th e s e  cells were closely p a ck ed  in  some places, w hile in  o thers th e y  ap p eared  
as so lita ry  cells, iso la ted  from  sca tte red , p ro life ra tin g  bund les o f b ile -d u c t 
o f  K u p ffe r  cells. M any o f  th e m  h ad  a lto g e th e r  ceased  to  tak e  n u c lea r  sta in s  
(F ig . 3). The m a jo rity  o f  th e se  large, pa le  cells p roved  to  be sudan o p h ilic  
a n d  P A S -negative. Som e o f  th em  w ere, h ow ever, less sw ollen, n o t vacuolised  
a n d  n o t  sudanophilic  : th e  p lasm a o f th ese  h e p a tic  cells co n ta in ed  PAS-
p o s itiv e  globules (F ig . 4) w hich , on being d ig es ted  w ith  sa liva , becam e still 
m o re  positive .

H ow ever, in th e  m a jo r i ty  of the  cases, n o t  even chronic tr e a tm e n t  w ith  
BCM  h ad  induced  h e p a tic  lesions of such  se v e r ity  : th e  lo b u la r s tru c tu re
d id  n o t  d isappear, b u t  th e  cells becam e s tro n g ly  in f la te d , th e ir  nuclei assum ed 
d if fe re n t  sizes, p o ly n u c lea r cells were fo rm ed , an d  ce rta in  cell-groups developed  
p ro n o u n c e d  su d an o p h ilia . O n th e  o th e r h a n d , ev en  in  such livers th e re  were 
o ccas io n a l sca tte red  h e p a tic  cells w hich, d e ta c h e d  from  th e  cell b u n d le s , 
w e re  ro u n d , d eg en e ra tiv e  an d  show ed all th e  sy m p to m s of d e te rio ria tio n .
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Fi;i. 3. Liver consisting of ballooned, foamy, vacuolised cells, many of which no longer take 
nuclear stains. A great number of Kupffer cells observable among the bloated liver cells.

Dosage : 15x10 mg/kg of BCM in 28 days. Haematox. eos., x240 
fug. 4. McManus-Hotchkiss-stained section of liver of same animal. PAS-positive globules 
in tbe cytoplasm of some liver cells. On salivary digestion, positivity of globules increased,

X 240

We w an t to  add  th a t  h ep a tic  lesions w ere s ti l l  m ore serious if  tu m o ro u s  
an im als  had  been su b je c te d  to  chronic BCM tr e a tm e n t .  Follow ing th e  d is
socia tion  and  necrosis o f  th e  hepa tic  p a re n c h y m a , a confluence o f  sev e ra l 
cells gave rise to  synp lasm -like  figures w ith  a n u m b e r  o f nuclei an d  n u c le a r  
frag m en ts  (F ig . 5). In  som e such an im als we w ere  able to  observe in te n s iv e
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Fig. 5. Development of polynuclear synplasm-like giant cells with foamy, vacuolised cytoplasm 
in the liver. Haematoxylin-eosin X820

(Liver of animal infected with Guerin’s cancer ; dosage : 50 mg/kg of В CM administered 
intravenously once a week ; duration of treatment : 4 weeks)

Fig. 6. Focal proliferation of bile-ducts on the site of destroyed liver parenchyma. Haema-
toxylin-eosin, X240

(Liver of animal infected with Guerin’s cancer ; dosage : 50 mg/kg of BCM administered 
intravenously once a week ; length of treatment : 4 weeks)
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focal b ile -d u c t p ro lifera tion  w h ich  w as som etim es so p ro n o u n ced  as to  m ake 
th e  w hole p ic tu re  sim ilar to  t h a t  p resen ted  by  p recan cero u s h e p a tic  lesions 
in  th e  ea rly  phase of b u tte r-y e llo w  carcinogenesis (F ig . 6).

As has been said  ab o v e , th e  th ird  series of o u r e x p e rim e n ts  h a d  th e  
p u rp o se  to  ascerta in  w e th e r o r n o t a lte ra tio n s  o f th e  liv e r  occasioned  b y  
chron ic  tre a tm e n t are rev e rsib le . W ith  th is  end  in v iew , we re fra in e d  from  
sacrific in g  the anim als a f te r  th e  te rm in a tio n  of th e  tre a tm e n t (from  25 to  
30 in jec tio n s) and allow ed th e m  —  w ith o u t an y  fu r th e r  t r e a tm e n t  —  to  live 
for 10 to  50 m ore days. K illed  a f te r  th e  lapse of th is  p e rio d , th e y  rev ea led  
no path o lo g ica l h ep a tic  sy m p to m , fa t ty  d eg en era tio n  or th e  fo rm a tio n  o f  
con n ec tiv e  tissue , th u s ju s tify in g  th e  conclusion th a t  th e  process in  q u es tio n  
is reversib le .

I t  has also been m e n tio n e d  th a t ,  in an a d d itio n a l series of ex p erim en ts ,, 
liv e r  fu n c tio n  (b rom su lphale in ) te s ts  were p erfo rm ed  : th e ir  re su lts  a re
su m m arized  in Table.

3 4 3

Table

Control c:ci4 BCM Mitomen
Sarco
lysine

Mustard
nitrogen

Total No. of animals 14 4 9 7 10 9
No. of animals with pathol. BS-retention 0 4 4 2 3 4
Mean BS-retention percents 2.3 16 32.2 9 25 15.5.

0 4 4 2 3 4
Ratio ot BS-retention and morphol. alterations 0 4 3 T 1 4

T he ta b le  shows th a t  w hile no pathologic  re te n tio n  was m a n ife s t in 
n e ith e r  of the  contro ls, in som e o f th e  ex p erim en ta le , in  keep ing  w ith  th e  
h isto log ica l changes, ab n o rm a l B S -re ten tion  values are  seen.

To con tro l our m e th o d , th e  resu lts  of b ro m su lp h a le in  te s ts  in  an im als  
th a t  h a d  been poisoned w ith  0.5 g /kg doses of carbon  te tra c h lo r id e  o v er a 
period  o f 3 to  5 days, are  se p a ra te ly  in d ica ted  : it  will be seen th a t  B S -re te n tio n  
w as ab n o rm ally  high in  all th e se  cases. The second row  o f figu res in  Table  
in d ic a te s  th e  average re te n tio n  in  p e r cents. T h a t o f th e  con tro ls w as 2 .3 % . 
T h is is in  perfec t ag reem en t w ith  th e  d a ta  given in  th e  above q u o te d  re p o r t  
o f  A h m a d  and  F r a z e r  [11], as also w ith  th e  figu res o b ta in e d  by  L a m m  [12] 
in  s im ila r experim en ts p e rfo rm ed  on several h u n d red  an im als. O nly  a r e te n tio n  
above 4 %  was regarded  as ab n o rm al. The la s t row  o f figu res in  Table 
expresses the ra tio  of p a th o lo g ica l B S -re ten tion  to  m orpho log ical a lte ra tio n s . 
I t  show s th a t  a pa tho log ica lly  h ig h  value of B S -re ten tio n  in  an im als po isoned  
w ith  carb o n  te trach lo rid e  w as in v ariab ly  assoc ia ted  w ith  h is to lo g ica lly  
d e m o n s tra b le  liver dam age. A lso, in  th e  anim als t r e a te d  w ith  vario u s m u s ta rd
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■derivatives, p a th o lo g ica l liv e r  function  (B S -re ten tio n ) an d  m orphological 
c h a n g e s  showed a good  p a ra lle lism .

In d ep en d en tly  o f  th o s e  described ab o v e , we m ade ex p e rim en ts  in  w hich 
th e  carcinogenic ac tio n  o f  BCM was te s ted  on m ice [21] b y  adm in is te rin g  
th e  d ru g  in w eekly in c re a s in g  doses (from  1 fig  p e r m ouse to  5 m g p er kg) 
f o r  a whole year [21]. A u to p sy  revealed  in  th e se  m ice conspicuous hepa tic

Fig. 7. Liver of mouse treated for a year with gradually increasing doses of BCM (from 1 у 
per mouse to 5 mg/kg). Conspicuous variation of nuclear size ; many amitoses. Haematoxy-

lin-eosin, X 560

c h a n g e s . A v a ria tio n  o f  n u c le a r  size was th e  m ost g enera l sy m p to m , w ith 
a  f re q u e n t occurrence o f  e x tre m e ly  large n u c le i and  am itoses (Fig. 7).

D iscussion

In  the course o f in v e s tig a tio n s  in to  th e  clin ical an d  p a th o lo g ica l effect 
o f  m u s ta rd  n itrogen  d e r iv a tiv e s , p a r tic u la r  a t te n tio n  h as  been  d ev o ted  to  
t h e i r  action  on th e  liv e r , especia lly  since i t  w as fo u n d  th a t  th ese  drugs were 
s e c re te d  w ith the  b ile  [7, 8].

E xperim en ts m a d e  in  m ice and ra ts  h a v e  led  th e  m a jo rity  o f  th e  au th o rs  
(L a n d in g  et al., 13, 14 ; G raef  e t al., 1) to  th e  conclusion  th a t ,  ad m in is te red  
b y  th e  in travenous a n d  in tra p e rito n e a l ro u te , th e  said  chem icals do not 
in d u c e  serious h e p a tic  d a m a g e .
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A lth o u g h , follow ing th e  a d m in is tra tio n  o f  la rg e  doses to  m ice, Graef  
e t al. [1] o b serv ed  th a t  th e  liver had  lost a ll i ts  glycogen co n ten t a n d  h a d  
undergone f a t ty  d eg en e ra tio n , th e y  were aw are  of, an d  gave exp ression  to , 
th e  fa c t th a t  th e  liv e r is h ig h ly  re s is ta n t to  th e  sa id  chem icals. This re s is ta n c e  
seem s to  v a ry  from  species to  species. W hile, fo r ex am p le , Zimmermann  [18] 
succeeded in  p ro duc ing  focal necroses in th e  l iv e r  o f ca ts , he found  r a t  liv e rs  
to  be co m p le te ly  r e s is ta n t to  m u sta rd  n itro g e n .

C e rta in  au th o rs  ho ld  th a t  n o t even a d ire c t  in jec tion  in to  th e  p o r ta l  
ve in  is capab le  o f in d uc ing  conspicuous h e p a tic  d a m a g e , while U ram e t  al. [16] 
described  focal and  m ore ex ten siv e  h ep a tic  lesions to  develop in r a ts  a n d  
ra b b its  a f te r  d irec t in tra p o r ta l  infusion o f th e  d ru g . The th eo ry  a d v a n c e d  
to  exp la in  h e p a tic  re s is tan ce  to  m u sta rd  d e r iv a tiv e s  was its  a t t r ib u t io n  to  
th e  low m ito tic  ra te . To solve th e  p rob lem , L a n d in g  e t al. [13] s tu d ie d  th e  
b eh av io u r o f th e  liv er d u rin g  regen era tio n  fo llow ing  p a rtia l h e p a te c to m y . 
W h at th e y  found  w as th a t ,  a lth o u g h  m u sta rd  n itro g e n  dim inished th e  n u m b e r  
of m itoses an d  re ta rd e d  th e  m ito tic  process, i t  fa iled  to  induce serious h e p a tic  
lesions. T h u s , th e  re la tiv e  im m u n ity  o f th e  liv e r  to  m ustard  n itro g e n  does 
no t seem  to  d ep en d  on a low  m ito tic  index , since  i t  persists  also w hen d iv ision  
o f  th e  h e p a tic  cells is ra p id .

T h u s , th e  m a jo rity  o f th e  au tho rs are  in  a g re e m e n t as to  th e  liv e r  b e in g  
re s is ta n t to  m u s ta rd  d e riv a tiv e s . We m u st, h o w ev er, rem em ber th a t  w h a t 
th ey  ex am in ed  w as th e  effect o f single la rge  doses an d  th a t  th e y  p ra c tic a lly  
neglec ted  to  a sc e rta in  th e  effect of p ro longed  tre a tm e n t.

F o r som e y ea rs  p a s t , S ugár and K el l n e r  of our In s t i tu te  [3] h a v e  
been s tu d y in g  th e  effect o f m u sta rd  n itro g en  on  th e  organism  —- on th e  liv e r  
am ong o th e rs  —  o f h e a lth y  an im als : while th e y ,  to o , failed to  observe h e p a tic  
in ju ry  fo llow ing th e  a d m in is tra tio n  o f single la rg e  doses, a f te r  p ro lo n g ed  
t re a tm e n t w ith  re p e a te d  sm all doses th ey  o b se rv ed  th e  appearance  o f a b n o rm a l 
m itoses, k a ry o rh e x is , f a t ty  degenera tion  an d  so m etim es focal necrosis in  th e  
liver. W h a t th e y  reg a rd ed  as m ost c h a ra c te r is tic  in  these  cases was th e  g re a t 
v a ria tio n  in  the  size of nuclei, a phenom enon v e rif ied  b y  nuclear m e a su re m e n ts  
by  Matkó, H olczinger an d  K eresztúri [4].

T he re su lts  of our in v estig a tio n s, to g e th e r  w ith  the find ings o f  S ugár 
an d  K ellner  [3], as also th e  h ep a tic  lesions o b served  in the  course o f  o u r 
ca rc in o g en e tic  e x p e rim e n ts  d u ring  nearly  a y e a r , seem  to  furnish  clear ev id en ce  
th a t  c e r ta in  d rugs —  w hile p erfec tly  h arm less  fo r  th e  liver if  a d m in is te re d  in  
single la rg e  doses —  m ay  p rovoke liver d a m a g e  i f  g iven chronically  in  th e r a 
p eu tic  or, as p ro v ed  b y  our carcinogenetic  e x p e rim e n ts  on m ice, even  in  s till 
sm aller —  h o m eo p a th ic  —  doses. O ur fin d in g s  h av e  been co n firm ed  by  
Garattini e t al. [17] w ho found large doses o f  BCM to  inh ib it h e p a tic  re g e n e 
ra tio n  in  ra ts . Im m u n e  as th e  liver ap p ea rs  to  be to  these d rugs in  a c u te  
e x p e rim e n ts , h e p a tic  lesions m ay be ex p ec ted  to  develop in clinical cond i-

8  Acta Morphologica VIII/3.
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t io n s ,  i. e. tre a tm e n t is p ro tra c te d  or p e rio d ica l th ro u g h  a n u m b e r o f  y e a rs . 
T h  is is o f p a rticu la r  im p o rta n c e  in  view  o f th e  fa c t th a t  th e  d rugs in  q u es tio n  
a re  n o t in freq u en tly  p resc rib ed  to p a tie n ts  w ho  a lready  suffer fro m  h e p a tic  
d isea se  o ther origin. T h e  availab le  c lin ica l d a ta  are ra th e r  c o n tra d ic to ry . 
D a m a s h e k  et al. [18] o b se rv ed  serious d is tu rb a n c e s  of liver fu n c tio n  in  som e 
p a t ie n ts  and  found m ilia ry  necrosis in  th re e  cases, 9 and  19 days a f te r  th e  t e r 
m in a tio n  of m u s ta rd  n itro g e n  t r e a tm e n t. Z im m e r m a n n  e t al. [19], on th e  
o th e r  h a n d  observed fu n c tio n a l d is tu rb an ces  o f  th e  liver to  im p ro v e  u n d e r  the 
e f fe c t o f m u s ta rd -n itro g e n  th e rap y .

W e have e x a m in e d  post mortem  th e  liv e r  o f several p a tie n ts  w ho h ad  
b e e n  tre a te d  w ith  BCM . N one of th e m  d isp la y e d  sign ifican t h e p a tic  in ju ry  
e sp e c ia lly  no such ch an g es as would h av e  b e e n  a ttr ib u ta b le  to  a to x ic  ac tion  
o f  th e  d rug . A ccording to  th e  D e p a rtm e n t o f In te rn a l  Diseases o f o u r In s t i tu te  
[2 0 ], no  d is tu rb an ce  o f  h e p a tic  fu n c tio n  h a s  b een  found in a n y  o f  severa l 
h u n d re d  p a tie n ts  t r e a te d  w ith  BCM.

O bservations m ad e  in  an im al e x p e rim e n ts  give nevertheless rise  to  th e  
q u e s tio n  w hether th e  possib ility  of a la te r , g rad u a lly  develop ing  h e p a tic  
d a m a g e  does no t c o u n te r in d ic a te  th e  re p e a te d , prolonged a d m in is tra tio n  
o f  th e  said  p re p a ra tio n s , o f BCM in p a r t ic u la r . W e do no t th in k  i t  does; 
th e  c h ie f  “ po in t of a t t a c k ”  of th e  d rugs u n d e r  rev iew  is th e  h a e m a to p o ie tic  
a p p a ra tu s ,  and i t  goes w ith o u t saying t h a t  n e ith e r  clinicians n o r p a th o lo g is ts  
m u s t  cease to  p a y  ca re fu l a tte n tio n  to  i t .  T h e  m anner of th e ra p y , i ts  con
t in u a t io n  or in te r ru p tio n , m u st be g o v e rn e d  by  th e  b e h a v io u r  o f  th e  
h a e m a to p o ie tic  sy s tem . O u r ab o v e-d escrib ed  find ings m ust n e v e rth e le ss  be 
r e g a rd e d  as a w a rn in g  t h a t  in  no t r e a tm e n t  w ith  the  d rugs in  q u es tio n  
sh o u ld  physicians n e g le c t to  p ay  due a t te n t io n  to  th e  cond ition  o f  th e  liv er. 
T h e  questio n  arises w h e th e r  t r e a tm e n t w ith  th e  said c h e m o th e ra p e u tic  
a g e n ts  should  be acco m p an ied  no t only b y  a c o n s ta n t contro l an d  p ro te c tio n  
o f  th e  b lood-form ing  o rg an s  b u t  also b y  a sim u ltan eo u s con tro l o f  h e p a tic  
fu n c tio n  and an a d e q u a te  p ro tec tio n  o f th e  liver.

Summary

1. Comparative experiments have been carried out to ascertain the toxic effect on the 
rat liver of mustard nitrogen and of some of its derivatives (Mitomen, Sarcolysine and BCM — 
Degranol).

2. A single LD50-dose of any of these preparations caused the liver almost completely 
to lose its glycogen content within 24 to 48 hours. This was followed by serious fatty degener
ation with the appearance of large droplets in the animals treated with BCM, while the liver 
of animals that had received one of the other drugs regained its glycogen content within a relat
ively short time with no graver residual symptom than a mild, focal fatty degeneration in the 
liver of some of the animals.

3. Chronic treatment with doses sufficient to inhibit malignant growth was followed 
by grave hepatic lesions only in the case of BCM (disintegration of he liver’s lobular structure, 
variation of nuclear size, fatty degeneration, focal necrosis and dissociation, formation of 
multinuclear, synplasm-like structures and — especially in animals infected with tumourou&
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substances—  focal proliferation of the bile ducts). However, changes of this kind were obser
ved only in a minor part of the animals (in 2 to 3 of groups of ten).

Treatment with the given doses of the other chemicals, even on chronic application, 
led to no more than a focal fatty degeneration with the appearence of small droplets in the 
hepatic cells of some of the animals.

4. An approximate parallelism was found to exist between the result of liver function 
tests (bromsulphalein retention) and the gravity of morphological alterations.

5. Although, in clinical practice considerably smaller doses are administered, our pre
sent experimental findings make it imperative that with protracted administration of antitu
mour drugs careful attention be paid not only to the control and protection of the haemato
poietic system but also to the control of hepatic function and an adequate protection of the 
liver itself.
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ПОР^Ж ^КН’ЕЕ ПЕЧЕНЬ ДЕЕС1ВРЕ nFOTLBOCTD ХОЛЕВЫХ СРЕДСТВ
К. ЛАПИШ, Л. НЕМЕТ, М. БЕ К Е Ш  и Э. УНГЕР

1. Авторы проводили над крысами сравнительные исследования поражающего 
печень действия горчичного азота и некоторых его производных (ВСМ Дегранол, 
Нитромин-Митомен и Сарколияин).
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2. Однократная полусмертная доза всех четырех фармакологических средств 
после 24—48 часов вызвала почти полное выделение всего содержания гликогена пе
чени. У животных, подверженных действию ВСМ последовало тяжелое крупнокапельное 
жировое перерождение, в то время как в случае остальных 3 средств печень животных 
вскоре восстановила свое содержание гликогена, и в крайнем случае в печени отдельных 
животных осталось слабое, очаговое мелкокапельное жировое перерождение.

3. В случае хронического воздействия дозами, эффективными с точки зрения за
держивания роста опухоли, ВСМ также привело к более тяжелым изменениям (расстрой
ство дольковой структуры печени, изменение величины ядер, жировое перерождение, 
очаговый некроз и диссоциация, развитие многоядерных синплазмаподобных образований, 
а в частности у животных, привытых опухолью, очаговое разрастание желчных путей). 
Однако, эти изменения развивались лишь у меньшей части крыс, как правило у 2—3 из 
10 животных.

В ходе хронического воздействия остальными 3 средствами при одинаковых дозах 
развивалось в худшем случае только у меньшей части животных очаговое мелкокапельное 
жировое перерождение.

4. Функциональная проба печени (задержка бромсульфалейна) более или менее 
была параллельной со степенью морфологических изменений.

5. Хотя в клинике применяются значительно меньше дозы, авторы на основании 
своих опытов над животными все же того мнения, что при длительной дозировке про
тивоопухолевых хемотерапевтических средств, наряду с проверкой и защитой крове
творной системы, необходимо проверять функцию печени и проводить соответствующую 
защиту печени.

DIE LEBERSCHÄDIGENDE WIRKUNG VON TUMORHEMMENDEN
MITTELN

K. LAPIS, L. NÉMET, M. BÉKÉS und E. UNGER

1. Die leberschädigende Wirkung von Senfnitrogen und einiger seiner Derivate (BCM- 
Degranol, Nitromin-Mitomen und Sarcolysin) wurde an Ratten untersucht.

2. Die einmalige halbletale Dosis sämtlicher Mittel rief in 24 — 48 Stunden eine fast 
vollkommene Glykogenverarmung der Leber hervor. Bei den mit BCM behandelten Tieren 
trat hiernach eine schwere, grosströpfige Fettdegeneration auf, während im Falle der anderen 
3 Mittel die Leber der Tiere ihren Glykogengehalt bald zurückgewann und höchstens eine 
schwache herdige kleintröpfige Fettdegeneration zurückblieb.

3. Bei chronischer Behandlung mit tumorhemmenden Dosen, führte BCM zu schwere
ren Veränderungen (Auflösung der Läppchenstruktur der Leber, Variierung der Kerngrössen, 
Fettdegeneration, Herdnekrose und Dissoziation, Entstehung von mehrkernigen synplasma- 
artigen Gebilden, und besonders in den mit Tumor geimpften Tieren eine herdige Prolifera
tion der Gallenwege.) Diese Veränderungen entwickelten sich indessen nur bei einem kleineren 
Teil der Versuchstiere, in der Regel nur bei 2 3 von 10 Tieren.

Bei chronischer Behandlung mit den anderen 3 Mitteln entwickelte sich ebenfalls nur 
bei einem Teil der Tiere herdige kleintröpfige Fettdegeneration.

4. Die Leberfunktionsprüfung (Bromsulphaleinretention) ergab mit dem Ausmass 
der morphologischen Verändertungen mehr oder minder parallele Ergebnisse.

5. Obwohl im Klinikum bedeutend geringere Dosen zur Anwendung gelangen, sind 
Verfasser auf Grund vorliegender Tierversuche der Meinung, dass bei chronischer Verabfolgung 
chemotherapischer tumorhemmender Mittel, neben der Kontrolle und des Schutzes des 
hämopoetischen Systems auch für die Kontrolle der Leberfunktion und einen entsprechenden 
Leberschutz gesorgt werden soll.

D r. K áro ly  L a p i s  

Dr. László N é m e t h  

D r. Miklós B é k é s
B udapest, X I I . ,  R á th  Gy.

D r. Em il U n g e r
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