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In a previous com munication [6] we d ea lt w ith  volumetric increase in  
the cells, nuclei, and nucleoli, of Ehrlich ascites carcinom a cells upon the effect  
o f colchicine and podophyllin, respectively. In  th e  present paper the results o f  
investigations into the same effect o f nitrogen m ustard, ТЕМ, and BCM w ill 
be reported.

Material and methods

Inbred albino mice, three months old and of th e  same weight, were each inoculated 
peritoneally with the same amount (10 X Ю6) of E hrlich  ascites carcinoma cells and  then  
poisoned w ith a single, about half-lethal, dose of 2 у /g of n itrogen  m ustard (methyl-bis [/9-chloro- 
ethyl] am ine);or 5 у /g of ТЕМ (tri-ethylene melamine) o r 100 у /g of BCM (1,6-bis [/S-chloro- 
ethylamine]-l,6-desoxy-D-mannite-dichlorohydrate). Two m onths later the experim ent was 
repeated under identical conditions. Each drug was applied to twice two animals. W ith  
a sterile syringe ascitic fluid was drawn from the animals before treatm ent and 1, 3, 6, 12, 24, 
48 and 72 hours after trea tm en t. Using the methods described in our earlier paper, m orpho
logical and nuclear variation  studies were carried out.

Results

Upon the action o f either of the three drugs the chromatin was very soon  
seen to form into coarse clots, and the nuclei and nucleoli appeared conspicu
ously enlarged.

Nitrogen m ustard caused the chrom atin in  th e  nuclei to break up in to  
m inute globules. Such globules were encountered in the cytoplasm, b u t also  
outside the cells, bare or with a narrow cytoplasm ic border around them . (In  
Table 1 the cells suffering this type o f  lesion are designated as “broken-up  
cells” .)

Characteristic o f  the effect o f ТЕМ was th a t  the nuclear chrom atin fell 
into powderlike fine particles (referred to in T able 2 as “ powderlike chrom atin” ). 
The nuclear chrom atin decreased in am ount, th e  nucleus became swollen, and  
large-sized nucleoli form ed, with two or three o f  th em  in some nuclei.



3 4 4 É. GÁTI, G. INKE, A. BAJTAI and J . G Y Á IF^S

The action of BCM turned the nuclear chromatin very soon in to  coarse 
c lo ts , and caused the nuclei and nucleoli to  enlarge.

A t the later stages all three drugs gave rise to polynuclear g ia n t cells, 
a n d  shortly  after the adm inistration of any one of them there w as cellular dis
in tegration; in a day or tw o hardly any in ta ct cells were encountered. Based 
u p o n  counts of 200 cells each, the changes in  the cytological picture are listed  
i n  T ables 1, 2, and 3.

Table 1

Cytological changes on the effect o f nitrogen mustard

2 y/g

Contro l J i h  ! 3h  ! 6 h  j h 1
12" 1 24^  ^ 4 8 h 72h

% 0 /
/0 % % 0 //0 0 /

/ 0
0 /
/ о %

N o rm al c e l l ................. ........................ 92 79 6 6 42 10 12 13 40
P y c n o s is ................................................ 8 10 10 1 0 20 21 15 13
L y s is ....................................................... — — 2 8 5 4 10 11
B roken -up  c e l l s ................................. — 1 6 12 33 35 25 14
L arge-sized nucleus, coarse

c h r o m a t in ....................................... — 10 16 26 30 20 30 20
S evera l nuclei, coarse chrom atin . . — — — — 2 8 7 10
D is to rted  mitosis ............................... — 1 2 2 1 — — —

Table 2

Cytological changes on the effect o f Т Е М

5 y/g

.
Control 1»  !

1

3 6  ' 6 h 12h 1 24h 4 8 h
1

72 h

% 0 / 0/ 0//о /0 /0 Jo / 0 / 0 /0

N o rm al c e l l ......................................... 90 87 86 70 50 10 24 45

L y s is ......... ............................................. 8 6 10 15 18 10 12 10
P y c n o s is ................................................ 2 2 2 9 9 1 2 5
L arge-sized nucleus, coarse

c h r o m a t in ....................................... __ 5 2 10 16 49 36
*

20

S evera l nuclei, coarse chrom atin  . . — — 5 5 10 6 5
Pow derlike chrom atin ...................... — — — — 8 19 20 15

D is to rted  m itosis ............................... — — — 1 1 — —

A s to our studies o f nuclear variation, we have refrained from sum m arizing  
in  a separate Table the changes in cell size due to  the action of nitrogen mustard, 
Т Е М , and BCM. Instead , reference is m ade to  the topmost portion o f  Fig. 7, 
w h ich  shows that on the effect o f nitrogen m ustard the average cell vo lum e was
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Table 3

Cytological changes on the effect o f B C M  
100 yjg

j Control ! 3h 6h 12h j 24h j 48h [ 72h

% % % 0//0 0 //0 0//0 0//0
N orm al c e l l .............................. ........................ 79 35 13 11 6 3 21

L y s is .................................................................... 5 8 11 15 30 18 10

P y c n o s is ............................................................. 1 — 1 3 3 7 —
Large-sized nucleus, coarse chrom atin  . . 15 8 20 31 40 35 20
Several nuclei, coarse c h ro m a tin ............. — 1 1 3 4 6 10
Large-sized nucleolus, coarse chrom atin . . — 48 54 35 14 30 38
D istorted  m ito s is ............................................ — — — 2 3 1 1

the greatest in the 12th hour, when it was about one and a half tim es the in itia l 
volum e. On the effect o f  ТЕМ it exceeded the starting volume by approxi
m ately  60 per cent, and on that o f BCM by roughly 70 per cent, in 24 hours.

F ig . 1. Changes in nuclear volum e on the effect of nitrogen m ustard. Abscissa: logarithm s 
of the volumetric va lue  of class means. O rd ina te : percentage incidence

To render more conspicuous the curves which dem onstrate the volum etric changes 
in  the nuclei and nucleoli, only the data referring to certain tim es o f obser
vation  were included in them . On the other hand, all the intervals o f observation  
are taken up in Fig. 7, w hich shows jointly the average values for the volum etric  
changes in the cells, nuclei, and nucleoli, on the effect o f each of the three drugs.

In the curve depicting the changes in nuclear volum e after treatm ent with  
nitrogen mustard there is a gradual shift to the right which becomes very m arked
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Fig. 2. Changes in  nuclear volume on the 
effect of ТЕМ. Abscissa : logarithms of the 
volum etric value of class means. Ordinate : 

percentage incidence

F Fig. 3. Changes in nuclear volum e on the 
effect of В CM. Abscissa : logarithm s of the 
volum etric value of class means. O rdinate : 

percentage incidence

Fig. 4. Changes in nucleolar volume on 
th e  effect of nitrogen m ustard

Fig. 5. Changes in nucleolar volum e on 
the effect of ТЕМ
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at the 24-hour point, whereafter it  slow ly abates. The average value for the  
volum e o f the nucleus in the tum our cell exceeds the initial value by 80 per cent 
in  6 hours, by more than 100 per cent in 24 hours, and is still on about a 150-per 
cen t level in 72 hours (Fig. 1).

In the curve illustrating the ТЕМ  effect displacem ent to the right begins 
in  12 hours, gradually intensifies in 24 hours, the curve becoming bicuspid, and

Fig. 6. Changes in nucleolar volume 
on the effect of BCM

Fig. 7. Changes in the average cellular 
nuclear, and nucleolar, volume on th e  effect 
of nitrogen m ustard, ТЕМ , and BCM, res
pectively. Abscissa : tim e intervals. Ordi

nate : volumes in / r 1

is o f almost the same rate even 72 hours after treatm ent. A ccordingly, the aver
age value for nuclear volume rises gradually from the starting value, is doubled 
in  24 hours, and almost doubled as late as in the 72nd hour (F ig. 2).

The curve recording the BCM effect runs a course similar to  th a t o f the 
ТЕМ curve, but displays a much more pronounced shift to the right. This shift 
increases after 24, but lessens after 72, hours. The average nuclear volum e is 
about 150 per cent of the initial volum e in 3, and approxim ately 200 per cent in 
24, hours, to fall back to the neighbourhood o f the starting point in 72 hours 
(Fig. 3).

The curve illustrating the changes in  the volume of the nucleoli after 
treatm ent w ith nitrogen m ustard begins the shift to the right as early as in 
3 hours, w ith the maximum displacem ent in 24 hours. A shift to th e  right is
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still visible in 72 hours. I n  6 and 24 hours the average nucleolar volum e is about 
four times the original volum e (Fig. 4).

The effect o f ТЕМ  is similar, but with a lesser shift to the right. The average  
nucleolar volume is about tw ice the initial volum e, even 72 hours after treatm ent  
(F ig . 5).

On the action o f  BCM  the curve shows a very  marked displacem ent in 3 
hours; the rate o f th e  sh ift  begins to decrease in  72 hours (Fig. 6).

Discussion

Nitrogen m ustard and  its derivatives are being widely used in  the treat
m en t of malignant tu m ou rs. Many authors h ave devoted attention to  experi
m en ts concerned w ith th e  effect and the m echanism  o f the action of th is drug; 
am ong them are G i l l m a n  and P h i l l i p s  [7], K a r n o f s k y  and G r a e f  [ 1 3 ] ,  

S u g á r  and K e l l n e r  [ 1 8 ] ,  K e l l n e r  [1 5 ] , N é m e t h , S e l l e i  and M a y e r  [ 1 6 ] ,  

B i c h e l  [2], and H e i l m e y e r  [9]. The agent g ives rise to marked lesions in the  
nucleus, but attacks the cytoplasm  as well. L ike X -ray , it  acts not only on cells 
in  division but also on th o se  in interphase.

B e s t iá n  [1] was th e  fir st to call attention to  it  th at the ethylenim ine deri
v a tiv e s  used'in the te x tile  industry are nucleophilic, like nitrogen m ustard is. 
A m on g these derivatives ТЕМ  (triethylene m elam ine) has been found to be  
th e  m ost efficaceous. I ts  experim ental effect and m echanism of action have  
b een  studied by a h ost o f  research workers ( H a d d o w  [8]; H e n d r y , H o m e r , 

R o s e  and W a l p o l e  [10]; P h i l i p s  and T i e r s  [5]). In  its effect on the cells it re
sem bles nitrogen m ustard, b u t is of higher to x ic ity .

BCM (l,6-bis[/3-chloroethylam ine]-l,6-desoxy-D -m annite-dichlorohydrate) 
is a m ustard derivative recen tly  synthetized b y  V a r g h a  [21] in  H ungary; its  
cy to sta tic  action and th erap eu tic  value were tested  in  our Institute ( K e l l n e r , 

N é m e t h , S e l l e i  [ 1 4 ] ) .  I ts  effect was found to  be sim ilar to that of nitrogen  
m ustard, but less to x ic .

There are many com m unications dealing w ith  the effect nitrogen m ustard  
exerts on Ehrlich ascites carcinoma cells ( L e t t r é  [17]; S u g iu r a  and S t o c k , 

[20];SuGÁRand V ig h  [19]). In  agreement with data in  the literature, we, too , have  
found  that this effect is ea sy  to read. In our experim ents about 90 per cent o f  
th e  cells were observed to  h a v e  suffered lesions in  12 to  24 hours after adm inistra
tio n  o f  the drug.

Decreases in the am ou n t of nuclear chrom atin, oedematous swelling and 
enlargem ent of nuclei and nucleoli due to the action  o f ТЕМ have been described  
b y  B u c k l e y , S t o c k , C r o s l e y , and R h o a d s  [3] in  solid  tum ours. On the evidence  
o f  our own investigations a b o u t 90 per cent o f the cells display pathological le 
sions in  24 hours.
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The morphological effect of BCM on Guerin tum ours has been discussed  
in detail by K e l l n e r  [15]. H alf a le th a l dose o f the drug was found to injure 
94 per cent of the Ehrlich ascites carcinom a cells in 24 hours.

Concerning the effect of nitrogen m ustard on the size of cell nuclei, there  
are several data available in the literature. According to K a r n o f s k y  [12] 
yeast cells damaged in vitro increase in  size in 8 to 12 hours, to regain later their 
original dimensions.

Summarizing the results of our cytological and nuclear variation studies, 
it  m ay be stated that upon the action o f any of the three drugs the increase 
in the average volum e o f cells and nuclei is the greatest 2 4  hours after treat
m ent, i. e., at the tim e when about 90 per cent o f the cells appear to be affected  
w ith  morphological lesions, and when th e  scatter of the values for nuclear volum e  
is the m ost pronounced. Nucleoli, on the other hand, attain their m axim um  
volum e much earlier (in 1 to 3 hours). I t  would appear that their enlargem ent is  
a delicate early indicator of the functional and morphological changes which  
upon the action of these agents are about to take place in the tum our cells. 
The fundam ental work of Ca s p e r s s o n  [4 ] and numerous other publications 
register the fact that while the nucleolus, nucleus and cytoplasm  of the perishing  
tum our cell are increasing in volum e, there is practically no longer any protein  
or nucleic acid forming ; the amount o f  nucleic acid is decreasing in  the nucleus 
as w ell. H uth [11] observed this phenom enon in aged or dying Ehrlich ascites 
carcinom a cells. Upon the action o f nitrogen m ustard, or ТЕМ, or BCM, these  
changes develop rapidly and intensively  ; this has an adverse effect on cellular 
m etabolism  and points to the im pending death o f the tumour cell.

Evaluating the jo int cytological and nuclear-variation picture, the conclu
sion seem s permissible that it  is some chem ical agent that acts upon the Ehrlich  
ascites carcinoma cells. The present investigations allow the inference that the 
single dose of colchicine or podophyllin described in our previous com m unication  
gave rise to morphological and quantitative changes th at were lesser and took  
a more rapid course than those induced by nitrogen mustard, ТЕМ, or BCM.

Sum m ary

The effect has been studied which half a lethal dose of nitrogen m ustard, ТЕМ , or BCM> 
exerts on Ehrlich ascites carcinoma cells and the volume of the nuclei and nucleoli in them* 
Upon the action of any of the three drugs about 90 per cent of the cells were found to  have 
suffered lesions in 24 hours, by which time they  and their nuclei were enlarged, while the nuc
leoli had increased in size earlier, in 1 to 3 hours after treatm ent. To a limited ex ten t, the drug 
effect was still seen in 72 hours.
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Ц И Т О Л О Г И Ч Е С К И Е  И З М Е Н Е Н И Я  А С Ц И Т И Ч Е С К И Х  Р А К О В Ы Х  К Л Е Т О К  Н А  
Д Е Й С Т В И Е  Г О Р Ч И Ч Н О Г О  А З О Т А , Т Е М  И Б К М , П Р И Н И М А Я  ВО  В Н И М А Н И Е  

И З М Е Н Е Н И Я  О Б Ъ Е М О В  Я Д Е Р  И Я Д Р Ы Ш Е К

Э . Г А Т И ,  Г . И Н К Е ,  А . Б А Й Т А И  и  Е .  Д Ь Я Р Ф А Ш

А вторы  и ссл ед о в а л и  д ей стви е од н ок р атн ой  п ол усм ер тел ь н ой  дозы  горчичного  
а зо т а , Т Е М  и Б К М  на м ор ф ол оги ч еск ую  к ар ти н у  а сц и ти ч еск и х  рак овы х клеток Э рли ха, 
к а к  и на объем кл еток , я д е р  и ядры ш ек. Бы ло уста н о в л ен о , что на дей стви е в сех  т р е х  
вы ш еуп ом ян уты х вещ еств  по истечении 24 часов  п р и бл . 90%  кл еток  бы ли п овр еж ден ы , 
п р и ч ем  набл ю далось  в ы р а ж ен н о е  увели ч ен и е к л ет о к  и я д ер , .в то врем я к ак  увелич ен ие  
я д р ы ш ек  произош ло у ж е  п о сл е  1— 3 часов. О ди н ак овое дей стви е набл ю далось , х о т я  и  
в м ен ьш ей  мере, д а ж е  и по истечении 72 часов.

ZYTOLOGIS СНЕ V ERÄ ND ERU NG EN  VON ASZITESKARZINOMZELLEN 
A UF W IR K U N G  VON SENFNITROGEN, ТЕМ UND BCM, IM HINBLICK 
AUF DIE V ER Ä N D ER U N G  DES K ERN - UND NUKLEOLENVOLUMENS

F,. G Á T I, G. I N K E ,  A. B A J T A I  u n d  J .  G Y Á R F Á S

Die W irkung von einmaligen halbtödlichen Dosen von Senfnitrogen, ТЕМ und BCM 
au f das morphologische Bild der Ehrlichschen Asziteskarzinomzellen, als auch auf das Zellen-, 
K ern- und  Nukleolenvolumen wurde untersucht. Es wurde festgestellt, daß auf die W irkung 
der obigen Stoffe nach 24 S tunden ca 90% der Zellen geschädigt wurden m it einer ausgesprochenen 
V ergrößerung der Zellen und  Kerne. Die Vergrößerung der Nukleolen erfolgte schon zu einem 
früheren  Zeitpunkt — nach  1— 3 Stunden. Dieselbe W irkung wurde in geringerem Grade auch 
noch nach 72 Stunden beobachtet.

Dr. Éva Gáti, B udapest II., Ráth G yörgy u. 5. Hungary  
Dr. Gábor I n k e

A ttila  Bajtai Budapest IX ., Tűzoltó u. 58. Hungary  
Jenő Gyárfás
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