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During earlier investigations the histological and cytological effects  
induced by some agents capable o f influencing cell division have been studied  
in organs o f the rat (colchicine : K ellner and Matkó, 29 ; podophyllin  : 
H olczinger and K ellner , 24 ; nitrogen m ustard : Sugár and K e lln er , 52 ; 
urethane : H araszti and K ellner , 21). These studies have led to a num ber 
of observations, some referring to points that are fairly well known, others 
dealing w ith phenomena that have so far not received the attention th ey  m erit. 
Since the findings to be discussed in  the present paper rest upon the obser­
vations made on the organs and are, so to say, their continuation, it is considered  
desirable briefly to restate the more salient points.

1. The morphological alterations induced b y  the drugs studied are the  
m ost marked in organs with a high rate of m itosis (duodenum, blood, bone m ar­
row, lym phatic system , testes).

2. D efin ite changes arise in all the cells o f the organism, including equally  
the cells in interphase in the above-enumerated tissues, and the cells in  organs 
'.•.here m itosis is uncommon (liver, kidneys, m yocardium , etc.). Nuclear lesions, 
above all, evidence the action of the drugs : the nuclei enlarge or decrease in  
size (Matkó, H olczinger and K eresztúri, 44), th ey  become loose in structure ; 
the nucleoli, too, grow larger (GÁTI, 15). B ut, at the same time, the cytoplasm  
also displays changes : it turns lighter, the mucus production intensifies, etc.

3. After some tim e (6, 12, 24 hours), a typ ica l nuclear injury presents 
itse lf in m any tissues : not infrequently the entire nucleus shrinks to a pyknotic  
mass, but more often minute globules of chromatin are formed, which for a great 
part are carried off by the lym ph flow, while m any are engulfed on the spot 
by histiocytes.

4. The m ost significant feature, we hold, is the great regularity w ith  which  
the morphological changes run their course. In m itotic nuclei the in itia l changes 
m anifest them selves as early as in 15 to 30 m inutes after treatment, m any injured  
m itoses are seen, and normal m itoses grow gradually less in number. The maximum  
morphological effect of the treatm ent develops between the 4th and the 48th  
hour, and is readily recognised by diffuse nuclear disintegration and changes in
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th e  cells and the nuclei. In  dependence on the drug, the organ, and the dose, 
it  lasts broadly speaking for from 6— 12 to  96— 120 hours. It is followed by  
restitution, w ith the appearance of an ever increasing number o f apparently  
norm al m itoses, an occasional amitosis or g iant cell still present, w ith  the cells 
sw elling, and the basophilia of the cytoplasm  intensifying.

The investigations carried out on organs were really experim ents preli­
m inary to our proposed studies on tum ours. The drugs applied being known 
to  give rise to grave morphological changes in  tumours as well, it  w as deemed 
necessary to establish the existing sim ilarities and discrepancies in the histo­
logical picture of, and the course run by, th e  alterations appearing in  the tissues 
o f  the organs and the tumours, respectively. Since in tumour chem otherapy  
the greatest practical significance attaches to  the mustard-gas derivatives, and 
because the com pounds which nitrogen m ustard forms with sugars had already 
been studied by us for some time (Vargha , 54 ; K e l l n e r , N ém eth  and Se l l e i, 
30), we gave our first attention to this particular group.

Material and methods

Much labour had to be spent before a more or less suitable method could be evolved by 
w hich to  follow up the morphological changes in tum ours. The one we ultim ately used is described 
here somewhat a t length, because despite its awkwardness and  the many sources of error inherent 
in  it , i t  lends itself fairly  well to  the detection of the n a tu re  of effects exerted by  the drugs, and 
to  an  estim ation of their efficacy.

The tum ours in tended for histological studies were transplanted to inbred anim als of 
uniform  weight (rats of 120 to 150 g, and mice of 18 to  25 g in  weight). Involved in  the investi­
gations were Guerin’s carcinom a of the ra t, M-l r a t  sarcom a, Crocker’s S-180 sarcom a of the 
m ouse, and Ehrlich’s mouse cancer. In  respect of each ty p e  of tum our we determ ined th e  time 
of grow th a t which it  is best worked up histologically. This was done by preparing sections of 
th e  largest diam eter and examining them for the m inim um  necrosis and necrobiosis, respectively. 
7 to  10 days old tum ours, in  mice the size of a filbert and in rats th a t of a small w alnut, were 
found  to be the m ost serviceable. A t the beginning of th e  treatm ent the tum ours were all of the 
sam e size, they grew uniform ly and rapidly. Of n itrogen m ustard (m ethyl-bis-[/î-chloroethyl] 
am ine hydrochloride, H N a), the animals were given 1, 2, and 3 mg per kg body w eight intra- 
peritoneally and intravenously  ; of m ustard gas, 2 m g/kg were administered percutaneously ; 
while of BCM, 100 mg/kg were injected intravenously. The animals were sacrified 15, 30 minutes, 
1, 2, 3, 4, 6, 12, 18 hours, and 1, 2, 3, 4, 5, 6, no t infrequently  8 to 10 days, a fter treatm ent. 
I t  followed from the n a tu re  of these experiments th a t  i t  was no t always possible to  abide by time 
lim its fixed in advance. A t the beginning of each experim ent and a t the tim e th e  last treated  
anim al was killed, an u n trea ted  control tum our was also worked up. The organs were fixed in 
n eu tra l formalin. The sections were cut along the largest diam eter of the tum our. Staining was 
perform ed w ith haem atoxylin  eosin, Giemsa stain , th e  Feulgen reaction, Mallory’s tripledye, 
picrofuchsin, and Gomori’s silver impregnation m ethod.

In  addition to  th e  tum ours, the organs were w orked up, which show typical cytological 
reactions (duodenum, lym ph nodes, spleen, occasionally thym us, bone marrow, testes, etc) i this 
was done w ith a view to  providing a valid basis for com paring the morphological changes taking 
place in  the tum ours and  organs, respectively.

N ot content w ith  m erely registering the chronological sequence of the morphological 
changes, we aimed a t  q u an tita tive  results. This aim  was primarily approached by  m itotic 
counts. The num ber of norm al mitoses, injured m itoses, and  multinuclear g iant cells found in 
500 or 1000 cells in florid  portions of the tum our, was ascertained each time. P articu larly  great 
technical difficulties were encountered in estim ating cellular destruction due to  th e  action of the 
drugs. P lanim etry had to  be resorted to, as for the tim e being there seemed to  be no o ther (bio­
logical or chemical) m ethod available. B ut microscopic planim etry is well know n to  harbour
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very  potential sources of error ; besides, for our case it proved to be more than  usually  question­
able. So, i t  was known from the outset th a t our method is very cumbersome and suitable only for 
assaying very wide differences. However, the changes, too, are of a very wide scope and so the 
m ethod furnishes telling inform ation in  spite of the difficulties attaching to it. For a b e tte r  under­
standing of the technique of this count it need to  be mentioned th a t w ithin the  tum our we 
distinguish four different areas (Fig. 12), namely, the florid (F), the dissociated (D), th e  pycnotic 
(P) area, and the necrotic (N) portions of the tum our. The changes of course show an exceedingly 
g rea t variety  of interm ediate forms. Using sections cut in the largest cross section of th e  tum our, 
and applying a m agnification of 40 X 15, the proportions are then estim ated in w hich each of 
these four areas is represented in each of 200 or 400 consecutive quadratic visual fields along the 
two longest and most characteristic diameters. A whole field was taken to  be 100% i half a 
field, 50% ; a quarter of a field, 25% ; and only discrepancies of not less than  25% were included 
in the estim ate.

Of the tum ours studied Guerin’s tum our was found to be the most serviceable for our 
purposes. I t  is of uniform growth, and its  cells are fairly constant in shape and size. The necroses 
in it  are relatively extensive, bu t always form continuous and rather centrally located  areas, 
and since the tum our consists of contiguous florid portions, an assay is greatly  facilitated. 
A typical divisions, arnitoses, and gian t cells are few in num ber (Table I).

Table I

G uerin’s carcinom a in the ra t . U n trea ted  control. Tumours 8 to  14 days after transp lan ta tion  
th e  size of from a filbert to  a small w alnut. Figures in the same row refer to  the iden tical tum our

F
per cent

Mitoses 
per cent

Arnitoses and multi- 
nuclear cells 

per cent

53 0,30 0 ,8

46 0,42 0 ,2 0

53 0,50 0 ,2 2

45 0,56 0 ,0

44 0,54 0 ,0

59 0,62 0 ,1 0

Results

Like in the organs, in the tumours, too, the in itia l changes consist in m itotic  
injuries, which are characterized primarily b y  the negative feature th at the  
dividing cells are unaltered in shape and size. The chromosomes are clumped 
together disorderly, arranged skeinlike conforming to the equatorial plate ; 
not infrequently, they aggregate in spindle-shaped groups or form a hom ogenized  
m ass with the chromosome ends sticking out of it like spinules. Less frequent 
than these essentially pyknotic nuclear changes are injuries which are rather 
o f a ly tic  character, such as chromosome fragm entation, scatter o f the chromo­
som es over the cytoplasm , their crumbling into powder, etc.; a t anaphase, 
bridge form ation or a com blike connection between the receding equatorial 
plates is not uncommon (Fig. 1). In our view , a greater significance than  to 
these m inute karyological changes attaches to the fact that there is a marked 
reduction in the number o f dividing cells, and within this number in th at of
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norm al mitoses. It is n o t alw ays possible to  d istinguish injured from normal 
m itoses, wherefore it  is preferred to present the data on the total number of 
m itoses in the diagrams (F igs. 2 and 3) ; th is  to ta l number decreases very  
considerably between th e  2nd  and 6th hour.

F ig . 1. Incipient m itotic in ju ries induced by nitrogen m u sta rd  (between the 3rd and 6 th  hour).
—  2 m g/kg. — Guérin ra t tum our ( X 1900)

1. Abnormal prophase ; chrom atin clumped in to  cluts.
2. Abnormal m etaphase ; conforming to the equito ria l plates, chromosomes congested 

in  skeinlike disposition.
3. Abnormal telophase w ith  irregular aggregation of chromosomes.
4. Abnormal anaphase ; chromosomes stick together ; comblike connection between 

th e  equatorial plates ; a t  th e  b o tto m , chromosomes begin to  clump into cluts or small spherical 
m ass.

5—6. Practically th e  w hole of the chromatin clum ped into spherical m ass; structure 
rem iniscent of chromosomes on ly  a t  places

The period o f  m axim u m  effect is more variegated , and signified b y  mor­
phological changes w hich are much more typ ica l. A s early as in 12 to 24 hours 
after  the administration o f  the drug there appear deformed mitoses ( cacomitoses)  
(F ig . 4). The cells grow to  3 or 4 times their original size ; the chromosomes are 
individually and d istin c tly  recognisable, and more than normal in number
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(aneuploidism ). Som etim es they are found in a coil in  the centre o f the cell, 
a t other times scattered irregulary over the light-coloured cytoplasm . Often 
th ey  display a stellate arrangement, giving rise thereby to forms transitional 
towards multipolar divisions. Occasionally, they  settle  underneath the cell 
membrane parallel to the surface. The individual chromosomes likewise undergo 
changes in shape. Frequently they  are large and like solid rods, or the shape of 
a comma ; fragm entation is not uncommon, and less so is their shrinkage to  
globules. Cells of this type are devoid of any structure ; no centrioles, no m itotic

Fig. 2. Changes in the m itotic count in the first 24 hours upon the effect of HN2. (N orm al-r
abnorm al mitoses in 0,1 per cent.)

2 .  -------------- M-l ra t sarcoma ; 2 mg/kg, i. v.
3 .  -------------Crocker S 180 mouse sarcoma ; 2 mg/kg, i. v.
5. — . .  — . .  — . . — Guérin/carcinoma ; 2 m g/kg, i. v.
8. ----------------------- Guérin carcinoma ; 1 mg/kg, i. p.
9. — .— . — . — . — Guérin carcinoma ; 3 mg/kg, i, p.
Abscissa : tim e in  hours.
O rdinate : to ta l num ber of mitoses in 0,1 per cent

spindles, can be observed ; the cytoplasm  is faint, occasionally frothy. It is 
n ot uncommon for the chromosomes to settle in a circle in the cell, giving the 
im pression that fresh nuclei have begun to form. The incidence of anomalous 
forms is great ; it  m ay attain  10 to 15% of the to ta l number o f cells.

Even more striking is another form of m itotic disturbance, wich leads 
to  the formation o f multinuclear tumour cells (Fig. 5). In the untreated Guerin 
tum our the proportion o f am itotic and m ultinuclear cells is about 1 to  2%, 
n o t exceeding 2 or 3% in Crocker’s S— 180 and in M— 1 sarcoma. B ut when the 
m ustard effect develops, they  keep on growing in number parallel w ith  the
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appearance of the cacom itoses. Between the 24th and the 96th hour every second  
or third tumour cell, at least, is bi- or m ultinuclear (Fig. 6). Thereafter, their 
num ber begins to decrease rather rapidly until, in  a week or tw o, the initial 
lev e l is approached once more. On repeated dosage of the drug, some are encoun­
tered  even many weeks later. The histological pictures point to  a great m any  
m odes of their form ation. Sometimes scattered chromosome parts appear to  
arrange themselves to a nucleus in the protoplasm , at other tim es forms rem inis­
cen t o f multipolar division lead to the form ation o f giant cells. Fairly frequent

Fig. 3. Changes in mitoses in  th e  firs t 24 hours on effect of m ustard gas and BCM, respectively.
1 2 . ---------------------- m ustard  gas ; 0,2 mg/kg, percutaneously. Guérin ra t  carcinoma

1 . --------------BCM ; 100 mg/kg, i. v. Guérin ra t  carcinoma.
6. — .— .— . — .— BCM ; 100 mg/kg, i. v. Crocker S 180 mouse sarcoma.

1 1 . ---------------- ----- BCM ; 100 mg/kg, i. v. Guérin ra t carcinoma

is endoam itosis, when cleavage o f the nucleus, or its disintegration into m any  
nuclei, occurs w ithin the nuclear membrane. N ot uncommon is the dumbbell 
form  typical of am itosis. In  other instances, nuclear portions penetrate through  
th e  nuclear membrane in to  the cytoplasm . H owever, these histological pictures 
equally  permit the a sum ption that the chrom atin globules arising in conse­
quence o f nuclear disintegration are engulfed b y  the tumour cells, and that it  
is the latter that som ehow have some part to  play in the form ation of new  
nuclei. It is not exceptional to find amitosis and m itosis side b y  side in the same 
cell.

Nuclear or cellular destruction and disintegration start as early as 30' 
m inutes or one hour after the administration o f the mustard derivatives, and 
is th e  m ost typical characteristic of the onset o f the period o f m axim um  effect.
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The nucleus is often seen to disintegrate into pyknotic chromatin granules, w hich  
at first are found in the central region of the cell taking the place o f the nucleus, 
and later are scattered over the entire cytoplasm , to be encountered u ltim a te ly

Fig. 4. M itotic abnormalities (cacomitoses) upon the action of H N 2 during the period of m axim um  
effect (between 24th and 72nd hour) ; 2 mg/kg, i. v. ( x 1900)

1. Cell increased to multiple of original size, w ith chrom atin and chromosome disposition 
corresponding to  metaphase, fairly irregular, aggregated and clumped.

2. Nucleus consisting of clumped chromosomes, w ith some chromosome ends sticking 
out of it.

3. Chromosomes disposed in a circle conforming to  equatorial plate ; great num ber o f  
chromosomes scattered in cytoplasm , particularly beneath the cell membrane and parallel w ith  it.

4. Chromatin clumped, not infrequently into spherical mass, and scattered chrom osom es.
5— 6. Centrally disposed mass of chromosomes and scattered chromosomes in  cytoplasm

outside the cell, naked, or surrounded by a narrow and indistinct protoplasm ic  
strip. Frecpiently, the nucleus shrinks to a pyknotic spherical mass o f som e size ,
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-which, when it is set free from  the cytoplasm , turns into a so-called naked nucleus. 
T h e  minute granules encircled by a narrow strip resemble cellular structures 
hardly 1 or 2 ц  in  size (F ig. 12). Like in  norm al tissue, their fate cannot be 
follow ed ; in part, th ey  are carried off by the flow  o f lymph ; in part, h istiocytic

F ig . 5. Multinuclear tu m o u r cells forming upon the action  of HN2 in the period of maximum 
effect and the re s titu tive  period, respectively (betw een 48th and 144th hour). ( x  1900)

1. Cell showing nuclear structure corresponding to  prophase and many tim es th e  norm al 
size, in which the chrom atin  is in  several places so disposed as if  several new nuclei were forming. 
In  th e  cytoplasm a single ch rom atin  globule.

2. Several nuclei o f varying size and grade of m atu ra tion  forming in th e  cytoplasm .
3. Abnormal am itosis in  one of the cells. A bove : binuclear cell ; right : chrom atin 

globules and pyknotic m asses of chromatin.
4. Multinuclear g ian t tum our cells, w ith nuclei of varying maturedness and  a  single 

spherical mass of chrom atin

elem ents of the strom a ingest them. A pparently, m any of them are taken up 
b y  the tumour cells. Cellular destruction being a constant phenom enon in
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tum ours, the cell-dam aging effect exerted by the m ustard derivatives can only  
m anifest itse lf in a difference in degree, which th e  m ethod described is unable  
to display. Typical o f the effect of mustard derivatives is an increase in  the  
number o f visual fields showing disintegrating cells in  the florid portions, sca t­
tered singly or in small groups. This type of a lteration  develops to an ex ten t  
where after the treatm ent there are practically no in tact florid portions in  the  
tum our, and nothing but pyknotic disintegration is seen among the tum our cells

Fig. 6. Giant-cell form ation in Guérin ra t carcinoma 24 hours after the administration of BCM ;
100 mg/kg, i. v. ( x l9 0 0 )

retained. (In the planim etric count this finds its expression in a great frequency  
■of visual fields in which the proportion of F is 75 and that of P 25% , or th a t  
o f  F and P 50% alike.) (Figs. 7, 8, and 9.)

In organs the above mentioned changes o f  cells in interphase m ay be 
regarded as corresponding to the enlargement and shrinkage, respectively, o f  the 
cells in tumours. W hile m ost o f the cells and their nuclei grow larger and lighter, 
there are m any tum our cells which shrink, their nuclei shrinking w ith them . 
The nucleoli som etim es enlarge, sometimes assum e a stellate, more often  an  
irregular, shape ; not infrequently, they are o f loose texture.

The restitutive process is less difficult to fo llow  in tumours than organs. 
From the florid portions first there begin to disappear the dying forms, and 
w ith them  the deformed m itoses. It is considerably later that the num ber o f  
am itoses and m ultinuclear cells decreases, and that o f apparently norm al 
m itotic forms gradually increases.
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F ig. 7. Changes in to ta l num ber of m itotic form s on effect of HN2 (3 mg/kg ; G uérin ra t cc)

---------------------------- N orm al mitoses
—  •— ----------------- A bnorm al mitoses
— .— .— — .— .■— Amitoses and giant cells

N orm al mitotic count dropping early below 2 % ; no norm al mitosis betw een 4 8 th  and 72nd 
h o u r ; num ber of m itotic abnorm alities attain ing a very  high value a t the same tim e (between 
48 th  and 96th hour). F rom  24th  hour onwards every second or third tum our cell m ultinuclear

Fig. 8. Intensification of pyknosis on effect of HN2
9 . ------------------------ Guérin r a t  carcinom a ; 3 mg/kg, i. p.
5. — .— . — .— — Guérin r a t  carc inom a; 2 mg/kg, i. v.
2. ■—- —  —  -—- —  M-I ra t sarcom a ; 2 mg/kg, i. v.
3. -----------------------  Crocker S 180 ; 2 mg/kg, i. v.
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-Fig. 9. Course run by morphological changes in the duodenum consequent upon adm inistration
of HN2, 2 mg/kg, i. v.

Three basic changes are illustrated  for each point of time.
Black column : reduction in num ber of mitoses and m ito tic  injuries.
W hite column : degree of nuclear disintegration.
Shaded column : changes of glandular epithelium (intensification of mucus production, 

growing and shrinking of cells and their desquamation, appearance of multinuclear forms) 
Height of columns indicates degree of change, + , + » + +  and +  +  +  • The alterations induced 
h y  H N 2 in tum our and duodenum are seen to run largely the sam e course

Fig. 10. Course run by morphological changes induced by m ustard  gas ; 0,2 mg/kg, percutan-
eously ; Guérin ra t carcinoma.

-------------------------- Proportion of necrotic areas in  percentage of the whole tum our
------------ —  — — Proportion of pyknotic areas in percentage of the whole tum our
----------------------------Normal mitoses, %
--------------------------- Abnormal mitoses, %
— .— .— .— .— .— Multinuclear cells, %
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76 60

Fig. 11. Course run by morphological changes induced in the duodenum by m ustard  gas. Dosage 
and  denotations as above. Severe nuclear changes presenting themselves during the entire 

experimental period ; m arked nuclear disintegration and cellular destruction

Fig. 12. Histological changes arising on the effect of BCM.

1. F lo rid  p o r tio n  o f u n t r e a te d  G u érin  tu m o u r .
2 . D issociation . S t ru c tu re  o f tu m o u r  cells r e ta in e d , b n t  c o n n e c tio n  be tw een  th e m  lo s t  ; 12 h o u r s .
3. Pyknosis. N uclei o f  tu m o u r  cells sh ru n k e n  a n d  s tru c tu re le s s  ; 12 hours.
4 . N uclear d is in te g ra tio n  v isib le . M in u te  c h ro m a tin  g lo b u le s  fo rm in g , f re q u e n tly  s u rro u n d e d  b y  p ro to p la sm ic  

b r im .  A  v e ry  few  m ito tic  a b n o rm a li t ie s  seen . G ro w th  a n d  sh r in k a g e  o f  nuclei consp icuous. 33 h o u rs .
5. G rea t n u m b er o f  m ito t ic  a b n o rm a litie s  (caco m ito ses) . 33 h o u rs .
6 . T u m o u r consists  e n ti r e ly  o f  a m ito ses  a n d  m u lt in u c le a r  tu m o u r  cells. Cells few  a n d  f a r  b e tw e e n  w ith  re t i ­

c u la t e  co n n e c tiv e  tissue. 120 h o u rs  (H . E . ; x  1600)
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W hat has been said above refers primarily to  our findings for nitrogen  
mustard. The other two compounds studied in deta il (mustard gas and BCM) 
were found to give rise to morphological alterations essentially similar to those

Fig. 13. Course run by morphological changes induced by BCM ; 100 mg/kg, i. v.; Guerin ra t  cc.
-------------------------- Percentage distribution over the whole tum our of visual fields filled

entirely by florid portions containing pyknotic cells and cell groups
----------------------------Normal mitoses, %
---------------------- — Abnormal mitoses, %
— . — . — . — . — .—  G iant cells, %

Fig. 14. Course run by morphological changes induced by  BCM in the duodenum of the ra t  ;
100 mg/kg, i. v.

achieved with nitrogen mustard. W hatever differences there were, m ay fin d  
their explanation in differences o f the doses and the absorptive conditions. 
Y et the changes elicited by mustard gas were graver, and they ran a som ew hat 
quicker course (Figs. 10 and 11). Late alterations could not be observed, th e  
animals having died in  3 or 4 days.
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ВСМ (1,6-bis [/3-chloroaethylam ino]-] ,6 -desoxy-D -marmiLe-dichlorhydrate) 
is  less toxic than H N 2; it  is stable, and therefore easy to dose exactly  ( K e l l n e r  

an d  N é m e t h , 31). The in itia l changes develop as rapidly, and the m axim um  effect 
is  o f  the same duration, as in the case o f nitrogen mustard, but the restitutive  
period  is longer (Figs. 12, 13, and 14). These facts account for it  th a t it  was 
BCM which could be adm inistered m ost easily  and m ost satisfactorily  over 
a long period. BCM was found to inhibit tum our growth up to more th an  90% ; 
th e  tum ours of treated anim als weighed less than 10% of the control tumours, 
w h ile  the loss of body w eight was not more than 10%. The treated  tumours 
con sisted  almost in  their entirety o f a necrotic, respectively pyknotic mass, 
w ith  a seemingly increased amount o f connective tissue within it . This we 
consider relative, for we have failed to detect active proliferation o f th e  connec­
tiv e -tissu e  elements. R etained tumour cells were seen only on the periphery, 
u su a lly  among bundles o f  connective tissue, disposed like strings o f  beads. 
O ccasionally, perivascular tumour cells were encountered. Treated tumours 
con sisted  to more than nine tenths o f such necrotic or necrobiotic portions. 
T he remaining tumour cells were m ostly bi- or multinuclear, but not infre­
q u en tly  all kinds of deformed mitoses could be seen. On discontinuing treatm ent 
th e  tum ours began to grow, and after some tim e the picture turned in to  one of 
an untreated tumour.

I t  has been m entioned th at apart from Guerin’s tumour other trans­
p la n ted  tumours have been treated w ith  the agents under discussion. Experi­
m en ts have been carried out on rat sarcomas induced with benzopyrene, and 
spontaneous mammary cancer cases not y e t regardable as com pleted. The mor­
phologica l changes observed in these tum ours, and the course run b y  them, 
agreed  in essence in  every respect w ith those observed in the Guérin tumour.

Discussion

The morphological and cytological changes induced by m ustard gas and 
m ustard  derivatives, particularly nitrogen m ustard, have been studied  in dif­
feren t kinds of tumours and viewed from various aspects ( K a r n o f s k y , B u r - 

c h e n a l , O r m s b e e , C o r n m a n  and R h o a d s , 26 ; B l o c k , S p u r r , J a c o b s o n  

an d  S m i t h , 4 ; B o y l a n d , C l e g g , K o l l e r , R h o d e s  and W a r w i c k , 5 ; G a e n s - 

l e r , M c K a y , W a r e  and L y n c , 14 ; G r a e f , K a r n o f s k y , J a g e r , K r i c i i e s k y  

and  S m i t h , 19 ; S p i t z , 49 ; G o l d i n , G o l d b e r g , O r t e g a , F u g m a n n , F a im a n  

and  S c h o e n b a c h , 18 ; L a n d i n g , G o l d i n , N o e , G o l d b e r g  and S h a p i r o , 35 ; 
K a r n o f s k y , 27 ; S h a p i r o , G o l d i n , L a n d i n g , B e r g n e r , F a im a n  and G o l d ­

b e r g , 47). Studies have been made primarily o f those nuclear changes which are 
regarded by us as in itia l changes (G i l m a n  and P h i l i p s , 16 ; K o l l e r , 34 ; 
G o l d a c r e , L o v e l e s s  and R oss, 17 ; B i e s e l e , P h i l i p s , T h i e r s c h , B u r -
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c h e n a l , B u c k l e y  and S t o c k , 3 ; H e i l m e y e r , 22 ; L o v e l e s s  and Ross; 
42 ; K o l l e r  and C a s a r i n i , 33 ; K o l l e r , 32 ; L e t t r é , 40 ; M a r q u a r d t , 43; 
Ross, 46). These cannot be regarded as characteristic ; in untreated tum ours a 
considerable proportion (3 to 5%) of the divid ing forms is known to show  fairly  
similar alterations ( K o l l e r , 32 ; Y o u t i l a i n e n , 55). In judging the in itial 
effect, it  is in our opinion of greater significance that the m itotic form s which  
can be regarded as normal disappear alm ost com pletely, and that th e  injured  
m itoses, too, are few in number. This m akes it  understandable w h y  betw een  
the 2nd and 6th hour the proportion o f the to ta l number of d iv id ing  forms 
instead o f being 3 to 7%, is only 1 to 2% , or even less. This early substantia l 
drop in the number o f mitoses has been observed also by other authors, not 
only  in tumours (S h a p i r o , G o l d i n , L a n d i n g , B e r g n e r , F a im a n  and G o l d ­

b e r g , 47) but in ascites as well ( H e i l m e y e r , 23). More typical is the m orphology  
of deformed m itoses (cacomitoses). Again, w e consider their marked num erical 
increase during the period of maximum effect to  be more characteristic and o f  
greater significance than the changes that take place in their structure. T hat the  
number o f divisions still regardable as normal rises to its multiple is in  the first 
line due to the appearance in great numbers o f these abnormal m itoses. Various 
explanations can be invoked : an obvious assum ption is that the cells take  
more tim e to divide but there is no -method available to prove th is ( W i d n e r , 

S t o r e r , and L u s h b a u g h  [57]).It is conceivable that the transformation products 
of the mustard derivatives forming in the organism are in some w ay  capable 
of intensifying cell division (S . B r a u n : K aryoplastic Effects, 6) ; on the other 
hand, owing to their toxic effect they give rise to  irregular m itotic form s. D epart­
ing from the findings that in the v icin ity o f the necrobiotic areas d ivid ing forms 
are encountered in remarkably large numbers ( K o l l e r , 32), and that th e  number 
o f m itotic abnormalities rises parallel w ith the extension of the necrotic, necro­
biotic, and regressive processes, respectively, we first of all suggest, and shall 
try to prove by future investigation, that it is the decomposition products forming 
on the disintegration o f the tumour cells w hich produce the stim ulus to  cell 
division.

More conspicuous even are the am itoses and multinuclear cells. There are 
several references in the literature to the form ation of giant cells on the effect 
of m ustard derivatives, the same as on th a t o f X -ray irradiation. F e l l  and 
A l l s o p p  [10] observed them  to appear in the skin: R i n a l d i n i  [45] in  expiants ; 
G a e n s l e r , M c K a y , W a r e  and L y n c  [14] in  tumours. According to  L e t t r é  

and S c h l e i c h  [38], in ascitic tumours the num erical increase of am itoses coincides 
in tim e w ith the maxim um  decrease o f m itotic  forms. Their m orphogenesis is 
exceedingly varied. The forms described are merely examples. U n til quite 
recently they  have been linked up w ith regressive processes, but now  the view  
is spreading that they are to be regarded as a very frequent and very interesting  
form of cell division. Our suggestion again is that their formation is in itiated

9 A cla  M orpho log ies  Y II /2
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through some role played by the decom position products arising on cellular 
disintegration . In our view  they take a decisive part in the restitutive process, 
the norm alisation o f the histological picture. Follow ing up the course supplies 
ev id en ce that they transform  into regular, v iab le cells. It is by these cell form a­
tio n s th a t we try  to  find  a consistent explanation  for the fact that by m eans of 
th e  drugs studied the tum our cannot be annihilated  com pletely, but after a 
t im e  starts to grow again from residual portions, principally from those con­
s is tin g  o f  m ultinuclear cells. While, chiefly b y  repeated adm inistration, it  is 
possib le  to convert the tum our almost in its en tirety  into a necrotic m ass, under­
n ea th  the capsule, on the edges and along the vesse ls , there remain a few bizarre­
shaped  m ultinuclear cells, which in some unknow n way form once more into  
tum our cells o f normal structure, after treatm ent has been discontinued. Sim ple 
m orphological m eans are insufficient to follow  up closely, and eventually  to 
verify , the developm ent o f  these tumour cells and their retransformation into  
norm al cells. Further data concerning this process m ay in the first line be 
exp ected  from cinem icrography of expiants. The question of toleration from  
inuredness to these drugs has lately becom e a point of interest (Law , 37 ; 
Lettré, 41) ; it  is usually explained by enzym ic adaptation. In our opinion  
th is , too , is a question which cannot be studied unless these peculiar cell forms 
are included in our consideration. Studies o f  their biological significance are 
facilita ted  by the fact th at for a fairly long tim e after the adm inistration o f the  
drugs practically the w hole tumour consists exclusively of them . Probably, 
during this tim e a change takes place in the tum our’s reaction to organic stim uli, 
to  chem icals which find their w ay into the organism , to the action o f irradia­
tio n s, etc.

The m ostly pyknotic, hut in part ly tic , nuclear disintegration and de­
struction  processes m erit attention from more th an  one point o f view . On dis­
in tegration , naked nuclei, m inute chromatin globules, are formed, occasionally  
surrounded by a narrow strip o f protoplasm. Clumped together, they  frequently  
fash ion  into vast chrom atin pools. While m any o f  them  are undoubtedly carried 
o ff  b y  the flow  o f lym ph or blood, large m asses rem ain on the spot. They cannot 
possib ly  be neutral to adjoining tumour cells, b u t probably mean an altered  
chem ical environm ent for them . When carried o ff to different parts of the orga­
n ism , th ey  m ost likely  behave there as a foreign substance. Also, there is m uch  
to  support the idea that on given occasions th ese cellular fragments and altered  
cells, respectively, m ight regenerate into florid cells.

W hen reporting our experiments on the organs of the rat we have already  
expressed our view  th at for the great number o f  cells perishing in  the lym phatic  
system  and the in testinal tract upon the effect o f nitrogen mustard, there is 
no other explanation but th at cells in interm itosis are also exposed to the contin­
gen cy  o f disintegration. This was emphasized in  several addresses delivered at 
th e  Second Sym posion in Freiburg, principally in  respect of the haem atoblastoses
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and based upon the findings o f Grundmann [20] and Altmann [1]. Follow ing  
a single large dose, but particularly repeated adm inistration of the drug, the  
disintegration of the tumour cells is so wide-spread as to exclude any other 
conclusion but that of cells in  the resting stage being destroyed.

Our above observations concerning the course taken by the m orphological 
changes need to be discussed separately. Changes in blood and bone marrow  
smears are followed up routinely in laboratory as well as clinical exam inations  
(Block, Spurr, Jacobson, Smith, 4 ; Larionov, 36). Several authors have  
succeeded in observing in tissue cultures some of the minute histological altera­
tions. Thus, first of all initial nuclear changes have been followed b y  F rieden­
wald, B uschke, Scholz and Moses [13] on the cornea, by Fell and A llsopp 
[10] on the skin, by Webber, Craig, F riedman [56] on the intestinal m ucous 
m em brane. B y serial observations of the changes in the intestinal m ucous m em ­
brane D esaive and Varetto-Denoel [8] have elaborated a method very  useful 
in studying the protective effect o f certain substances. Expiants have been 
found to be particularly suitable objects, and several workers have rendered  
them  more appropriate by application of serial photography (Fell and All­
sopp, 11, 12 ; Bastrup-Madsen , 2 ; Cornman and Ormsbee, 7). Like blood  
smears, ascites tumour has proved a good object by wich to follow cytological 
changes (Takikawa, H iramatsu, et al., 53 ; Lettré and Bergdolt, 39 ; 
Y oshida, 58). Some authors have endeavoured to find means by w hich to  turn 
these qualitative changes into quantitative values. Of outstanding in terest are 
in th is respect the studies by K indred [28] concerned with the lym phatic  
system . The literature also contains references to  attem pts at follow ing up the 
changes taking place in solid tumours (Shear, 48 ; Shapiro, Goldin, et a l., 47 ; 
Zhdanov, 59 ; Stock, 50, 51 ; D unn, 9).

In the absence of system atic studies w ith m ethods like ours th is form  of 
successive cell destruction and cell formation had been unknown. Our in vesti­
gations revealed that upon the effect of the mustard derivatives there soon 
arises a substantial change in the structure of the tumour merely to regress in 
a few  days. Of course, the process cannot be followed unless during adm inistra­
tion  o f the drug system atic histological exam inations are made at short intervals. 
Practically every point of tim e furnishes its own typical morphological picture. 
Th is fact alone should suffice to make plain w hy in attem pts at ascertaining  
the efficacy of these drugs or the lack o f it, histological tests have not enjoyed  
as m uch appreciation as they  would seem to merit. Investigations now in progress 
show th at the dose applied conclusively influences the morphological picture. 
The histological effect changes and is dependent on whether the identical agent 
is given once or on several occasions, as also on the intervals at w hich it is 
adm inistered (Holczinger, 25). Lettré and B ergdolt [39] have dem onstrated  
th a t in ascites tumour cells the same dose of N-m ethylcolchicam ide gives rise 
to  quite different cytological changes i f  administered at once and in fractions.

9*
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System atic investigation  into the dynam ics o f  these morphological changes 
m ight also furnish som e footing on which to  place a more rational application  
o f the combinative treatm en ts which now h ave the vogue. Following the m eta­
bolic changes and their  comparison with sim ultaneously obtained histological 
pictures represent another line of research w hich , by the testim ony o f our first  
ten ta tive  experim ents, is  promising good results.

Summary

The histological changes induced by m ustard  derivatives follow characteristic courses. 
I t  has been possible to  disclose them  by working up tran sp lan ted  tumours 15, 30, 60 m inutes, 
3, 6, 12, 24 hours, and daily , respectively, after the adm in istra tion  of the drugs. For the purposes 
o f th e  examinations G uerin’s carcinoma of the ra t has proved the most suitable.

A t the beginning of th e  drug action the mitoses are in jured  and the to tal num ber of dividing 
form s decreases (to 1 or 2% ). D uring the period of m axim um  effect there appear m any m itotic 
abnorm alities (cacomitoses) ; th ey  may attain  as m uch  as 10 to  15% of the to ta l num ber of 
cells ; a t the same tim e, th ere  is an even greater num erical increase in amitoses and m ultinuclear 
tu m o u r cells (even up to  50 o r 70%). In the florid portions of the tum our extensive pyknotie 
cellular and nuclear d is in teg ra tion  is observable. D uring th e  restitu tive process the giant cells 
rem ain  in the foreground, an d  apparently  give rise to  a  new  cell population. The cacomitoses cede 
th e ir  place to normal m itoses ; the  chromatin clots and  globules, originated from nuclear dis­
in tegration , disappear.

A quantitative estim ation  of these changes has also proved possible. F irs t of all th e  
ra tio  of mitotic to am ito tic form s has been determ ined and  expressed in per cents. In  addition , 
w ith  the aid of m icroplanim etry , the percentage p roportion  of pyknotie and necrotic areas in 
th e  florid portions has been estim ated.

The course run  by  th e  changes has been found to  vary  w ith the drug and the  dose. The 
in itia l period generally lasts 6 to  12 hours ; the period o f m axim um  effect passes between th e  
4 8 th  and the 96th hour in to  th e  period of restitution, th e  term ination of which is very difficult 
to  determine exactly. V estiges of the changes are dem onstrable up to the 5th and 10th day .

The morphological a lte ra tions induced by the th ree  drugs studied are essentially similar. 
The effect of BCM is som ew hat protracted. The principal advantage to be gained from following 
up  th e  dynamics of the m orphological changes will show itse lf in  testing the efficacy of new drugs 
on tria l. Knowledge of th e  course taken by these changes will prove useful in deciding on dosage 
and  combinative therapy . P ara lle l w ith the morphological alterations biochemical changes can. 
also be demonstrated.
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Т К А Н Е В Ы Е  И З М Е Н Е Н И Я , В Ы З В А Н Н Ы Е  Г О Р Ч И Ч Н Ы М  А ЗО Т О М , Г О Р Ч И Ч ­
Н Ы М  ГАЗОМ  И ВСМ (1 -6 -B IS //J -C H L O R A E T H Y L A M IN O -1-6 D E S O X Y -D -M A N N IT -  
D IC H L O R H Y D R A T ), И И Х  Т Е Ч Е Н И Е  ВО В Р Е М Е Н И  В Т Р А Н С П Л А Н Т И Р О В А Н Н Ы Х

О П У Х О Л Я Х

Б. КЕЛЛЬНЕР

Тканевы е и зм ен ен и я , вы званны е горчичны ми производн ы м и , пр оя в л я ю т х а р а к ­
т е р н о е  течение. А втор у у д а л о с ь  следи ть за  этим и зм ен ен и я м  п утем  обработк и  тр ан сп л ан ­
т и р о в а н н ы х  оп ухол ей  к а ж д ы е  1 5 -  30  - 60 м инут, и л и  к аж ды е 3 - 6 - 1 2 — 24  часов  или  
е ж е д н е в н о  после вв еден и я  и с с л ед у е м о го  вещ ества. С амы м подходящ и м  д л я  целей  данн ы х  
и сс л ед о в а н и й  ок азался  р а к  к р ы с Герена.

В начале воздей ств и я  п о в р еж д а ю тся  митозы , ч и сл о  в сех  д ел я щ и х ся  ф орм  ум ень­
ш а е т с я  (до 1 - 2 % ) .  П ри  н аи в ы сш ем  воздействии п р о я в л я е т ся  своеобр азны й , уродливы й  
м и т о з  (каком итоз, которы й м о ж е т  достигнуть 1 0 -  15%  в с е х  к л еток). Е щ е больш е повы­
ш а е т с я  число ам итозов и м н о го я д ер н ы х  оп ухол ев ы х к л ет о к  (до 5 0  -  75% ). Н а ф лори дны х  
у ч а с т к а х  опухоли н а б л ю д а е т с я  пикнотический р а с п а д  к л еток  ил и  ж е  я д ер . В о  врем я  
в осстан ови тел ьн ого  п р о ц е сс а  ги ган тск и е клетки ещ е п р еобл адаю т , причем  и з п осл едн и х  
о б р а з у ю т с я , повидим ом у, нов ы е поп уляц ии  клеток. К ак ом и тозы  см еняю тся норм альны м и  
м и то за м и  и хром атиновы е глы бы  и ш арики, о б р а зо в а в ш и еся  вследствие р асп ада  ядер , 
и с ч еза ю т .

А втору удал ось  к ол и ч еств ен н о  проследить з а  эт и м  изм енениям . П р е ж д е  всего он 
о п р е д е л и л  процентное со о т н о ш е н и е  м итотических и ам и тоти ч еск и х  ф орм  н а  ф лоридны х  
и л и  ж е  пикнотических и  н ек р о т и ч еск и х  областя х .

Т ечение пр оцесса  з а в и с и т  от исследуем ого в ещ ества  и от дозы  п осл едн его . Н ачаль­
н а я  ф а за  длится как п р а в и л о  6  12 часов, м ак си м ал ьн ое дей стви е п ер еходи т  ок ол о 4 8 - 9 6
ч а со в  в восстанови тельн ую  ф а з у , причем точное о п р ед ел ен и е  конца п осл едн ей  фазы  
в е с ь м а  трудно. Следы и зм ен ен и й  м ож но вы явить ещ е п о  истечении 5 - Ю  д н ей .

И сследованны е 3  в ещ ест в а  вызывали в су щ н о ст и  одинаковы е м орф ологические  
и з м е н е н и я . Д ействие ВСМ  н е м н о го  протягивается . Д и н а м и ч еск о е  н абл ю ден и е морфо­
л о г и ч е с к и х  изм енений с  у с п е х о м  и спол ьзуется  п р е ж д е  всего  при оп р едел ен и и , тести­
р о в а н и и  эффекта и с с л ед у е м ы х  н о в ы х  средств. З н а н и е  теч ен и я  хорош о и сп о л ь зу ется  при 
о п р ед е л е н и и  дозировки и к ом би н и рован н ого  л еч ен и я . П ар ал л ел ьн о  с м орф ологическим и  
и зм ен ен и я м и  м ож но вы яви ть т а к ж е  и биохи м ич еск ие изм ен ен и я .
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DURCH SENFN ITROG EN , SENFGAS UND RCM (l-6-BIS[/?-CHLORAETHYLAM INO]- 
DESOXY-D-M ANNITDICHLORHYDRAT) VERURSACHTE GEW EBSVERÄNDERUNGEN 
UND D ER EN  ZEITLICH ER ABLAUF IN TRA N SPLA N TIERTEN  GESCHW ÜLSTEN

B. KELLNER

Die durch Senfderivate hervorgerufenen Gewebsveränderungen zeigen einen charakteris­
tischen Ablauf. Die Beobachtung dieser Veränderungen w urde dadurch ermöglicht, dass die 
transplantierten  Geschwülste nach Verabfolgung des zu untersuchenden Stoffes alle 15— 30— 60 
M inuten, 3— 6— 12— 24-Stunden, bzw. täglich bearbeitet wurden. Von den transp lan tierten  
Geschwülsten erwiesen sich die Guérinschen R attenkarzinom  am geeignetsten fü r die oben­
erw ähnten Untersuchungen.

Am Anfang der Einwirkung wurden die Mitosen geschädigt, die Zahl aller Teilungsformen 
verm inderte sich (bis zu 1—2% ). W ährend der m aximalen Einw irkung erschienen viele abnor­
male Mitosen (Kakomitosen), die 10— 15% sämtlicher Zellen ausmachen können. In  noch grös­
serem Maße verm ehrten sich die Amitosen und die vielkernigen Geschwulstzellen (sogar bis zu 
50—75%). In  den floriden Teilen der Geschwulst en tsteh t pyknotischer Zellen- bzw. Kernzerfall. 
Zur Zeit des restitu tiven Prozesses sind die Riesenzellen w eiter vorherrschend. Aus letzteren  
entstehen anscheinend neue Zellenpopulationen. Die K akom itosen werden von normalen Mitosen 
abgelöst, und die aus dem Kernzerfall entstandenen Chromatinschollen und -kugeln verschwinden.

Diese Veränderungen konnten auch quantita tiv  verfolgt werden. Als erstes wurde das 
prozentuale V erhältnis der m itotischen zu den am itotischen Form en in den floriden Teilen 
bestim m t. Außerdem wurde m it Mikroplanimetrie das prozentuale Verhältnis der floriden, bzw. 
pyknotischen und nekrotischen Gebiete schätzungsweise bestim m t.

Der A blauf hängt vom untersuchten Stoff, und von dessen Dosis ab. Die Anfangsphase 
dauert im allgemeinen 6— 12 Stunden, die maximale W irkung geht ungefähr um die 48— 96. 
Stunde in die restitu tive Phase über, deren Ende nur schwer m it Genauigkeit festgestellt werden 
kann. Die Spuren der Veränderungen können nach 5— 10 Tagen noch nachgewiesen werden.

Die untersuchten drei Stoffe riefen im wesentlichen ähnliche morphologische V eränderun­
gen hervor. Die W irkung von BCM ist etwas verzögert. Die dynamische Beobachtung der m or­
phologischen Veränderungen kann vor allem bei der B estim m ung, Testierung der W irkung neuer 
zu untersuchender Stoffe m it Erfolg angewandt werden. Die K enntnis des Ablaufs ist bei der 
A usarbeitung der Dosierung und der kombinierten T herapie von Bedeutung. Parallel m it den 
morphologischen Veränderungen können auch biochemische Veränderungen nachgewiesen 
werden.

Prof. Béla K e l l n e r , Budapest, II., Ráth G y. u. 5. Hungary.
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