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Investigation of the action of novoembichin [ 2 -  
chloropropyl-di(2-chloroethyl) amine] and TET (2, 4, 6- 
tr iethylenimino-1,3,  5-triazine) on regeneration of the 
tail of tadpoles after partial amputation showed [4] that 
these compounds, when injected intraperitoneally, cause 
considerable inhibion of the regeneration process; t he i r  
inhibitory effect is, however, considerably weakened if  
the animals are kept in colder water (14-16") than that 
required for optimal conditions of regeneration of the 
tail (18-22"). 

Saxcolysin [p-di(2-chloroethyl) aminophenylalanine], 
like novoembichin, is a derivative of chloroethylamine, 
but differs from the latter by having an inhibitory action 
many times more powerful on the growth of tumors in 
animals [2]. The inhibitory action of sarcolysin on the 
reparative regeneration of the liver of the ~at is, however, 
expressed far more weakly than that of other chloro- 
ethylamine derivatives [15]. 

In the present research we studied the distinctive 
features of the biological action of sarcolysin on the pro- 
cesses of regeneration and growth. 

M E T H O D  

Part (1/5) of the tail was amputated in stage II tad- 
poles of Rana temporaxia and Rana ridibunda and, at the 
same time, the drag was injected intxaperitoneally by a 
method previously described [4], in one single large 
dose, amounting to not less than 2 /5  the lethal dose per 
kg body weight. In a control group the tail was also 
amputated, but no drug was injected. 

Observations on regeneration lasted 8-10 days. Every 
2-3 days the length of the regenerate was measured under 
the loupe with an ocular micrometer,  and the mean 
value for each group of 25 animals was calculated. These 
mean values were used to construct a graph of g~owth 
and, at the end of the experiment, the percentage in- 
hibition according to the mean length of the regenerate 
was calculated, i. e. the difference between the mean 
length of the regenerates in the control and experimental 
animals, expressed as a percentage of the mean length 
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of the regenerate in the control tadpoles. As an addition- 
al control, and in order to compare the action of sarco- 
lysin with that of novoembichin and TET, which bad 
previously been studied on this same experimental ob- 
ject, experiments with these two drugs were conducted 
at the same time. Altogether 14 experiments were 
eami ed out. 

RESULTS 

In contrast to novoembichin and TET, sarcolysin acts 
very weakly on regeneration of the tail in ordinary con- 
ditions, optimal for the regeneration of this organ. Sar- 
colysin caused from 11 to 20~ inhibition of growth of 
the regenerate, whereas novoembichin and TET, in par- 
allel experiments with a common control, caused 50- 
60% inhibition (Fig. i, i). 

When, however, the midday temperature was lowered 
by 3-6", i.e. in cold weather, or when the animals were 
kept in a refrigerator (at +10~ the inhibitory effect of 
all three drugs showed obvious changes. Novoembichin 
and TET almost completely lost their growth-inhibiting 
properties, and caused about 10% inhibition, whereas 
sarcolysin, on the other hand, increased its inhibition of 
growth to from 50 to 80%(Figs.I, 9. and 8). 

It  may be postulated from these results that, in ani- 
mals without a developed thermoregulatory system, the 
slowing of the metabolic processes by a lowerLng of the 
envixonm ental temperature weakens the inhibitory effect 
of novoembichin and TET on the processes of prolifera- 
tion (as has been pointed out earlier [4]) and, conversely, 
increases the inhibitory action of sa~colysin. 

An attempt was then made to verify if  the relation- 
ships concerning the action of these drugs, as shown by a 
study of regeneration in amphibia,  could be applied to 
the action of the same drugs on the growth of tumors in 
* The experiments on tadpoles were conducted at the 
biological station of the Laboratory of Growth and De- 
velopment (Head - Prof. b. D. Liozner) of  the Institute 
of Experimental Biology (Dir. - ProL I. N. Maiskii) of 
the AMN 888R. 
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Fig. 1. Dynamics  of growth of  the regenerat ing ta i l  of  the tadpole  

of Rana temporar ia ,  a - Control; b - after in jec t ion  of  sarcolysin; 
c - after in jec t ion  of novoembichin ;  d - after in jec t ion  of  TET. 

I - a t  a m i d d a y  water tempera ture  of  21". Doses: sarcolysln 150 
r a g / k g ,  novoembich in  6 m g / k g ;  2 - at a t empera ture  of  14% 

Doses: sarcolysin 50 m g / k g ,  novoembichin  8 m g / k g ;  3 - a t  a t em-  
pera ture  of 12". Doses: sarcolysin 80 m g / k g ,  TET 10 r a g / k g .  I) 
Mean length of  ta i l ,  in oculax mic romete r  divisions II) T i m e  in days 

(from the momen t  of  amputa t ion  of the tai l ) .  

m a m m a l s .  For this purpose an a t t empt  was first made  to 
obta in  a strain of  Ehtl ich 's  tumor,  the ce l l s  of  which 

could be adapted more  or less pe rmanen t ly  to the slower 
metabo l i sm of a subnormal tempera ture .  Asci t ic  ce l ls  
from an Ehrlich's  tumor,  mixed with c i t ra te ,  were a c -  
cordingly kept  a t  4* for 30 days, after which the mass 
of cel ls  which, se t t led to the bot tom was washed and 
di lu ted  with phys io logica l  sal ine and then inocula ted  

into mice .  The inocula t ion  was carried out in t ramuscu-  
laxly into the thigh on one side, and into the thigh of 

the  opposi te  i imb of  the same  mouse was in jec ted  nor-  
ms1, fresh Ehrlich's  ase i t ic  cells .  It was found that ce l ls  
which had been  subjected to prolonged cool ing,  l ike  

nom~al cel ls ,  caused the deve lopment  of  tumors in 100% 
of cases, but the tumors were more  compac t  and slower 
growing than normal .  T rea tmen t  began on the fifth day  
after inocula t ion  of the tumor and continued for ten 
days. Every three days the size of the  tumors was meas -  
ured and the mean  tumor d i ame te r  for the whole series 
ca lcu la ted .  From the m e a n  values obtained a graph of  
tumor growth in the exper imenta l  and control  an imals  
was constructed (Fig.  2) .  The  degree of inhibi t ion  of  
growth of the tumors was de te rmined  as the difference 
be tween the m e a n  weight of the tumors in the control  
and exper imenta l  animals ,  expressed as a pe rcen tage  of  
the m e a n  weight of the control  tumors. The  controls 
were untreated an ima l s  which, l ike  the  exper imenta l ,  
r ece ived  inoculations of normal  and cooled  strains. 

The exper iments  in which both types of  tumors were 

t r e a t e d  with sarcotysin and TET gave  results which were 
iden t i ca l  in pr inc ip le  with those obtained for these drugs 

on the regenerat ing ta i l  in tadpoles.  TET, which was 

in jec ted  in a sublethal  dose of  3 m g / k g  (since in  a 
therapeut ic  dose i t  does not genera l ly  inlgbi t  growth of  
an Ehrlich's  tumor inocula ted  intramuscular ly) ,  caused 
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Fig. 2. Dynamics  of growth of an Ehrlieh*s 
tumor,  inocula ted  int ramuscular ly ,  a - 
Control; b - af ter  in jec t ion  o f  sarcolysin 
(3 m g / k g  every 48 hr). I - normal  strain; 
2 - strain treated by cool ing.  I) Mean d i -  
ameter  of tumor, in mm:II )  T i m e ,  days 
(from momen t  of  inoculat ion) .  
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Fig. 3. Dynamics of growth of 
an Ehrlich's tumor, inoculated 
intrr muscularly, a - Control; 
b - after injection of sax- 
colysin (4 mg/kg  every 72 hr); 

c - after injection of chlor- 
promazine (20 mg/kg  daily); 
d - after injection of chlor- 
promazine and sarcolysin in 
the same doses. 1) Mean di- 
ameter of tumor, in mm .2) 
Time, days (from moment of 
inoculation). 

inhibition of the growth of tumors of the normal strain 
by 59% and of the suain adapted to cold by 30%~ In a 

therapeutic dose (3 rag/kg every 48 ~) ,  saxcolysin 
caused the usual slight inhibition for a tumor of the 
normal strain when inoculated intramuscularly (15%), 
and on the other hand, a more considerable inhibition 
(53%) of the adapted strain (see Fig. 2). 

When the metabolic processes of the tumor were re- 
tarded by adaptation to cold, sarcolysin thus also 
acquired the power to inhibit the growth of this tumor to 
a considerable degree, but TET under the same con- 
ditions lost this power to a large extent. 

In order to potentiate the action of sarcolysin on the 
tumors we also made use of pharmacological hypo- 
thermia of the animal as a whole by means of the in- 
jection of chlorpromazine [N(3-dimethylaminopropyl)- 
2-chlorophenothiazine], which in large doses causes in- 
hibition of oxidative processes in the tissues and a fall 
in the body temperature of animals for a few hours [8, 
10, 11, 13]. On this account, chlorpromazine probably 
possesses a weak antitumor action [7]. 

The ordinary course of injections of sareolysin, after 
the preliminary injection of laxge doses of chlorpromazine 
(20 rag~ kg daily, subcutaneously), resulted in 45 % in- 
hibition of growth of the minors in mice with an E~lich'~ 
tumor inoculated intramuscularly, i.e. more than twice 
the effect produced by saxcolysin and chlorpromazine 
when given separately (Fig. 3). 

From a comparison of our ~esults ~rith those in the 
literature on the action of the chloroethylamines and 
Ionizing radiation on the cell, it may be surmised that 

the activity of ~he antitumor drugs investigated is de- 
pendent on the state of the oxidative processes in the 
tissues. A subnormal envixonmental temperature, in the 
case of cold-blooded animals [9, 12], and chlorproma- 
zinc, in the case of mammals [8, 10, 11, 13], axe known 
to lower the intensity of the oxidative processes in the 
tissues. In accordance with these findings it is possible 
that the inhibitory action of saxcolysin in our experiments 
(during hypothermia) is strengthened as a result of the 
slight anoxia of the tissues of the regenerate or tumor, 
whereas that same degree of anoxia is evidently a factor 
protecting these tissues from the action of novoembichin 
and TET, just as has been shown by several workers in 
the case of ionizing radiation [1, 3, 5, 6, 14]. Our find- 
ings thus show that sarcolysin differs to a certain extent 
by its mechanism of action from novoembichin and TET; 
this probably depends on the presence of a natural group 
(phenylalanine) in the sa~colysin molecule. In the ex- 
periments with novoembichin and TET we were possibly 
confronted by a special phenomenon resembling the 
oxygen effect in radiobiology, and confirming the radio- 
mimetic character of the action of these drags on the 
cell. In contrast to novoembichin and TET, sarcolysin 
revealed distinctive features of its biological action that 
werenot typical of radiomimetic mbstances and ionizing 
radiation. 

SUMMARY 

A comparative effect of the action of sareolysin, 
novoembiehin and TEM on the regeneration of the tadpole 
taft was studied both at the optimal and at subnormal 
temperatures (8-6 ~ lower). Slowing of the metabolism 
provoked by the temperature reduction intensified the in- 
hibitive action of sarcolysin on the tail regeneration, but 
weakened the effect of novoembiehin and TEM. The au- 
thor also investigated the action of sareolysin and TEM on 
Ehrlieh's tumor (transplanted into mice intramuscularly)- 
both on the nsual strain and a strain subjected to prolonged 
chilling at 4'C. The inhibitive effect of sareolysin on the 
tumor growth of the chilled strain was 8-4 times greater 
than on that of the normal strain. Conversely, the inhib- 
itive effect of TEM on the growth of the normal strain 
tumors was double that exercised on the chilled tumors. 

The combined effect of sareolysin and ehlorpromazine 
on a normal strain Fhrlich's tumor was also investigated. 
In this case the inhibitive effect of sarcolysin on the 
tumor was also intensified by the pharmacological hy- 

pothermia. 
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