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mosome  counts  because of the  diff icul ty  in using col- 
chicine p r e - t r e a t m e n t  on h u m a n  mater ia l .  

Histologically,  basal  cell carc inomas  have  highly  pro- 
l i ferated basal  cell layers, w i th  the  per iphera l  ceils showing 
a pal isade a r rangement .  Their  DNA con t en t  fails s t r ic t ly  
in the  diploid (Nos. 1706, 3255, 1596, 2243, 1756, 384, 
1667, 677, 477, 212) or the  diploid and  t e t rap lo id  range 
(Nos. 2380, 3264). A n u m b e r  o f  abnorma l  mi toses  in the  
form of ch romosomal  f r agment s  and  bridges were also 
observed and  counted .  Tile percen tage  of such abnor-  
mal i t ies  varies f rom 3.4-8.6% (Table). In  some carci- 
nomas,  the  basal  cell masses  do no t  show a c o m p l e t e  
layer  of pal isade cells a t  t he  per iphery ,  b u t  ins tead,  
haphaza rd  aggregates  of basal  cells are seen lying deep 
wi th in  the  corium. The DNA con ten t  of the  nuclei  of 
such carc inomas  (Nos. 1291, 6328, 3071B) is essent ial ly  
diploid, bu t  the re  are also a n u m b e r  of aneuploid  cells, 
so the  cell popu la t ion  is s l ightly he te rogenous  wi th  
regard to its D N A  content .  Mitot ic  irregulari t ies in these  
lesions range f rom 9.5-12.7% (Table). One t u m o r  
(No. 3071D) which  had  been  biopsied f rom the  same 
person  as t u m o r  No. 3071B, showed cells which  were 
histologically squamoid  lying close to  the  f r agmen ted  
masses  of the  basal  cell layer  of the  corium. The nuclei 
of th is  lesion showed a highly  prol i fera t ive  aneuploid  
s t em line, which  o u t n u m b e r e d  the  diploid and the  te t ra -  
ploid nuclei. This  appeared  to be a case of baso- squamous  
cell carcinoma.  

Therefore,  it  m a y  be concluded,  t h a t  mos t  basal  cell 
carc inomas  have  a diploid con ten t  of DNA. However ,  
where the  basal  celI masses  pass deep in to  the  corium, 
the  popula t ion  t ends  to have  a he terogenous  D N A  con- 

tent .  Simultaneously ,  these  t u mo r s  show a progressive 
increase in t he  pe rcen tage  of mi to t ic  abnormal i t ies .  
Lesions which  are comple te ly  diploid m a y  regress, as 
do mos t  of the  basal  cell carc inomas,  bu t  the  small  
percen tage  of lesions which  have  a mosaic  compos i t ion  
could become mal ignant .  A change  in the  e n v i r o n m e n t  
of the  tumor ,  such as by  exposure  to  rad ia t ion  TM or 
antimetaboliteslS,~L m a y  help  to  select an aneuploid  
s t em line out  of the  he te rogenous  popu la t ion  of t he  
t u m o r  ~7. 

Zusammen/assung. Der Desoxyribonukleins~Luregehalt  
ist  bei Basalze l lkarz inomen diploid im T u m o r  selbst,  
weicht  j edoch  bei i nvad ie renden  Stellen nach  Diploidie ab. 
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Cytogenetic Changes Induced by 1-(N~-Methylhydrazinomethyl)-N-Isopropyl Benzamide in Ehrlich 
Ascites Tumor Cells 

Dramat ic  an t i - t umor  effects of cer ta in  der iva t ives  of 
m e t h y l h y d r a z i n e  have  been descr ibed in expe r imen ta l  
an imal  t umors  I and clinically, in Hodgk ins  disease 
re f rac tory  to o the r  chemothe rapeu t i c  agents  2,a. Ne i ther  
the  act ive molecular  species nor  the  mechan i sm of act ion 
of th is  re la t ively  new class of cy to toxic  agents  is known,  
a l though it is possible t h a t  the i r  ac t ion involves  the  
oxida t ion  4 and  a lkyla t ion ~ of cellular cons t i tuents .  RU- 
TISHAUSER and  BOLLAG s have  observed inhib i t ion  of 
mitosis  and the  appearance  of various cy togene t ic  aber- 
ra t ions  in Ehr l i ch  ascites t u m o r  cells f rom animals  t r e a t ed  
wi th  1 -methy l -2-benzy lhydraz ine  (MBH). The p r i ma ry  
cytological  changes  observed by  these workers  were  non-  
specific ch roma t id  breaks  accompanied  by  large nu mb er s  
of reunions and  t r i radia l  rea r rangements .  BOLLAG 7 has  
also repor ted  the  deve lopmen t  of res is tance in Er l ich  
ascites cells a f te r  t r e a t m e n t  wi th  p - (N l -me thy lhyd raz i n o  - 
me thy l ) -N- i sopropy l  benzamide  (MIH). However ,  to  our 
knowledge,  cy togene t ic  and biochemical  s tudies  of t m n o r  
lines res i s tan t  to  m e t h y l h y d r a z i n e  der iva t ives  have  not  
been  repor ted .  Such exper iments  are in progress  in our 
l abora to ry  a t  t he  p resen t  t ime.  In  th is  paper  we repor t  
the  results  of init ial  expe r imen t s  in which  the  t r e a t m e n t  
of t u m o r  cells wi th  M I H  over  several  t r a n s p l a n t  gener- 
a t ions  has led to  the  deve lopmen t  of a res i s t an t  line. In  
con t ras t  to prev ious ly  repor ted  res i s tan t  cells, th is  new 
t u m o r  line is charac ter ized  cytological ly by  the  appear-  
ance of increased number s  of mul t inuc lea ted  cells, and  

wi th  the  appearance  of 2 addi t ional  me tacen t r i c  chro- 
mosomes  in all scoreable cells. By appropr i a t e ly  a l ter ing 
the  dosage schedule,  an ident ical  cytological  p ic ture  could 
be p roduced  in a single t r a n s p l a n t  generat ion.  

Ehr l ich  ascites t u m o r  cells were ha rves t ed  6-7 days  af ter  
inoculat ion f rom the  per i tonea l  cav i ty  of mice weighing 
abou t  25 g. The cells were i ncuba ted  wi th  colchicine 
(0.2 ~xg/ml) in vi tro for 2 h in order  to arres t  t h e m  in 
metaphase .  The percen tage  of mi toses  in 1000 coun ted  
cells was recorded af ter  s ta in ing  wi th  W r i g h t ' s  stain.  
T r e a t m e n t  of t umor -bea r ing  animals  w i th  a single s.c. 
dose (200 mg/kg) of M I H  resul ted  in a rapid  fall of t he  
mi to t ic  index  (Table). I t  m a y  be no ted  t h a t  no inhib i t ion  
of mitosis  was observed 4 h af ter  the  admin i s t r a t i on  of 
MIH.  But ,  the  effect  of the  drug  became  max ima l  
be tween  4 and 8 h. This  inh ib i t ion  pers is ts  for a per iod of 
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Fig. 1. Karyotype of an Ehrlich ascites tumor cell after MIH treat- 
ment through 5 transplant generations. Note the 2 additional meta- 
centric chromosomes in the top row at the left. 

Fig. 2. Karyotype of an untreated Ehrlich ascites tumor cell. Note 
the single metacentric chromosome in the top row at the left. 

The effect of MIH on the mitotic index of Ehrlich ascites tumor cells 

h after treatment Mitotic index in % 
Control MIH (200 mg/kg) 

4 5.5 5.0 
8 3.8 0.5 

24 3.5 0.2 
48 3.5 0.8 
72 3.5 1.5 

abou t  48 h, and abou t  72 h af te r  t r e a t m e n t  the  n u m b e r  
of cells in mitosis  begins  to  increase t oward  the control  
level. These resul ts  are similar  to, bu t  more  mark ed  
t h a n  those  r epor ted  in cells a f te r  t r e a t m e n t  wi th  M B H  ~. 
Increased number s  of mul t inuc lea ted  g iant  cells were 
found a t  t he  height  of mitot ic  arrest,  b u t  ch roma t id  
breaks,  t rans locat ions ,  and  r ea r r angemen t s  were infre- 
quen t ly  seen. 

Str iking ch romosomal  aber ra t ions  were observed,  how- 
ever, a f ter  t umor -bea r ing  animals  were t r ea t ed  wi th  M I H  
over  5 t r a n s p l a n t  generat ions .  Dur ing  each passage the  
animals  received a to ta l  of 600 mg/kg  of M I H  div ided  
into 4 dai ly  doses of 200, 200, 100 and  100 mg/kg.  At  
t he  end of this t r e a t m e n t  per iod the  cells observed  were 
charac te r ized  by  t h e  appea rance  of 2 addi t iona l  me ta -  
centr ic  chromosomes .  This  is i l lus t ra ted in Figure 1. The  
new chromosomes  were observed cons i s ten t ly  in all 
scoreable cells. The ka ryo type  of the  t u m o r  cells un-  
exposed  to  MIH exh ib i t  only  a single metacen t r i c  chro-  
mosome and  a d is t inc t ive  medium-s ized  ch romosome  
wi th  2 satell i tes.  This  is i l lus t ra ted in Figure  2. The  
ka ryo type  Of bone  mar row cells f rom M I H - t r e a t e d  ani-  
mals  r emained  unchanged .  The new and  large me tacen t r i c  
ch romosomes  p robab ly  resul t  i rom the  t r ans loca t ion  of 
smal l -and medium-s ized  chromosomes  secondary  to 
damage  around the  cen t romere  and to  fau l ty  reunion.  
Coincident  w i th  the  appea rance  of the  me tacen t r i c  chro-  
mosomes,  t he  t u m o r  line becomes  res i s tan t  to  t he  effects  
of MIH and mi to t ic  inhibi t ion is no longer observed.  

Compara t ive  biochemical  s tudies  of the  sensit ive and  
res i s tan t  t u m o r  line will be pub l i shed  elsewhere. 

I t  is of fu r the r  in teres t  t h a t  ident ical  ch romosomal  
abnormal i t ies  were  also p roduced  in a single t r a n s p l a n t  
genera t ion  by  al ter ing the  schedule  of M I H  admin is t ra -  
t ion. For  example,  if M I H  (200 mg/kg) was admin is te red  
to animals  every  four th  day, r a the r  t h a n  on consecut ive  
days,  2 t rans loca t ions  in 80% of the  scoreable cells were 
observed before the  first  passage  (in abou t  8-10 days).  
The to ta l  dose admin is te red  to  the  animals  in these  
exper iments  was 600 mg/kg.  This  is the  same dose t h a t  
when  admin i s t e red  to the  an imals  on consecut ive  days  
required 5 such t r e a t m e n t s  dur ing  separa te  passages of 
the  t u m o r  before complete ,  convers ion  to  the  new cell 
type  and  the  d e v e l o p m e n t  of resis tance.  These experi-  
men t s  d e m o n s t r a t e  t h a t  the  r ap id i ty  w i th  which resist-  
ance to MIH develops,  a t  a given dosage level, is depen-  
den t  on the  dosage schedule,  and  t h e y  have obvious  
relevance to problems of clinical resis tance.  

Zusammen]assung. Triigermiiuse yon  Ehrl ich-Asci tes-  
Tumoren  zeigen nach Behand lung  m i t  1-(N1-Methyl - 
h y d r a z i n o m e t h y l ) - N - I s o p r o p y l - B e n z a m i d  (MIH) eine so- 
fort ige Zel l te i lungshemmung.  Diese 1/isst sich nach  s.c. 
M I H - I n j e k t i o n  yon 200 mg/kg  bis auf 72 h ausdehnen.  
Der  MII-I -Behandlung wide r s t ehende  Zellen (nach 5 Ta-  
gen) waren du rch  2 neue me tazen t r i sche  Chromosomen  
ausgezeichnet .  
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