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Among the synthetic tit-3-chlorethylarnlnes sarcolysin [DL-n-dt-(2-chlorethyl)aminophenylalanine] hat 
shown in experiments the strongest and widest antitumor activity [1, 2]. 

A~ present sarcoly~m is employed clinically and ~as given positive resdts in treatment of certain malignant 
tumors and ~oetastases [3]. 

However~ effec~veness of the ~arcolysta is limited only to certain human tumors so ~ a t  there are valid 
reasons for working on the synthesis of new compounds for ~he treatmenz of other tumors. 

With dais goal in mind, we began a search for other antitumor compounds by modifying the sarcolysln 
formula, sub, tfmang either the carboxyl or amino groups. In addition to the practical bearing, the study of such 
eompound~ presents a great theoretical interest as it makes clear the meaning of the presence of Lhe free carboxyl 
and amino radicals in antitumor sarcolysin activity. 

With the above mentioned considerations in mind, we ~ynthesized: 1) two compounds with zubstirution In 
the carbox),l group, er2~yl and lsopropylethers of DL-sarcolysin and 2) zwo compounds with substitution In the 
amino group, - DL-N-formylsarcolysin and DL-N-acet)-lsarcolysin. 

EXPERIMENTAL METHODS 

The edaylated ether of DL-sarcolysin was obtained by boiling a solution of sarcolysin for six hours in 
abroluze ethanol saturated with dry HCL This formed the dlchlorhydrate ethyl ether of sarcolysln (melting point 
174-177"), which hydrollf'~ed readily, becoming the monochlorhydrate with a meltlng point of 156-15"/* (in 
alcohol). 

By an an~logom procedure we obtalned the monochlorhydrate isopropyl ether of DL-sarcolysin with a 
melting polnt of 18"/-189" (in alcohol), 

L,i order to obtain DL-N-formyls;,rcolysL% the basic solution of sarcolysin in 96% formic acid was heated 
and acetic anhydride added drop by drop. The substance obtained had a melting point of 151-152" (in alcohol). 
Al the same time, this compound was obtained by I. L. Knunyants, O. V. Kildisheva and N. E. Goinbeva [4]. 

DL-N-acetylsarcolysln was syntheslzed by the action of acetic anhydride on sarcolysln dlssolvcd in glacial 
acetic acid and then heated. The melting point is 152-153" (In alcohol). 
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EXPERIMENTAL RESULTS 

Study~ o f  B i o l o g i c a l  E f f e c t ~  

The toxicity of the preparations was studied in adult rats by means of single intra-abd~'nlnaI lnJ~r 
Slmul~neousl~i as ~tandard controls, the toxicity of  DL-sarcolysin was aho determined. 

The minimum lethal doses (LD~) were determined for the preparations, these being the quantity causing 
the death of 50% of the animals. The results are given in Table 1. 

TABLE 1 

Do~ges of the P~ep~radons ~oducing Death in 60~ of the Animals 

Preparatiot~ 

DL-sarcolysin 
Ethyl ether of ~a, colysin 
Isopropyl edict 
DL- N- formyisa~colysin 
DL- N- a cetylsaxcoly~In 

Dose In r a g / k g  

22 
17 
17 

130 
90 

When the animals were aa~op~ed after de single injection had led to their dcathL reg~oqess of the prel~- 
ration used, there was observed mzcroscopic~lly a sbzinklng of the spleen, lymph glands and the ~y~m. intel- 
tinal distension with fluid cont~t and other signs ch~actedstic of the action of the cblore~hylaminel. 

Antitumor Activity 

The antitumor activity of the prepa:a~ous was studied on rats inoculated by the usual method wlda spindle 
cell sarcoma-4S, done in the laboratory of ex~ri~:~e~tal chemotherapy of the Institute of Experlmen~1 Pathology 
and Cancer Therapy. The antitumor activity of uhe prep3rations was compared with that of DL-sarcoly-dn. 

There were three experlmcntal modiflca~ons: 1) daily injections for 20 days; 2) a to~l of 7 injections 
at 72 hour intervals; 3) a single injection only. 

In all irntances, therapy commenced on the 7th day following tumor inoculation; animals were ~crificed 
on the 21~t day after the beglrming of t.herapy (on the 28th day following inoculation). Ever'/5 days the tumors 
were measured in three different dtrec~ons and the average of the diameters was taken; Its alterations being 
taken as an index of due dynamics of the preparation. 

After being sacrificed, t~e antmah were autopsied ~and the tumors stripped out, weighed and the percent- 
age of growth inhibition determined,* In addition, ~ e  percentage of tumor resolution w~s determined separately. 
As was shown previously [1, 2], ~hen sarcoly~in di.-~olves sarcc~ata-45, there remains either a pigmented spot or 
a small soft node at the rite of the former tumor. Histological examination has establifned that these nodes 
contain no tumor cells and disappear later after ~herapy has been terminated. We considered the tumor to have 
dissolved when such a nodule weighed 0,05 g or less. Nodes weighing over 0.05 g we counted as tmnor tissue 
and we took their weight into account when determining the average weight of the tumors. Altogether we ran 

4 series on 229 rats. 

The results of th,  experiments are shown in Table 2. 

As can be seen from Table 2, all four e~ ~e p~eparations studied have definite aa~titumor acdvlty. So we 
have shown that antltumor activity Is p~esent both when the carboxyl group is substituted and also when tim 
amino group of the phenylalar~tne in the s~rcolysin molecule Is substituted, 

However, a comparison shows many biological differences In the actions of the preparaztont, 

*-'~ercentage of inhibition was calculated as usual f~orn the following formula: 
average tumor weight in control-average weight In treated animals 

---~verage armor weight n conuo~ anita 
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When the carboxyl ~roup is replaced by ethyl or isopropyl ether, both compound, resemble each other 
their toxic and antitumor actions. Both the prepara$on= are ~om.ewhat more toxic than sarcolysin and apprcmch 
it in antivamor activity. When the amino group is substituted, the toxicity of the preparation= drops markedly. 
Thus, for DL-N-formyl~arcolydn the LDtr lac tea ls  by a factor of 6 while for DL-N-aeetyl,arcolysin the toxicity 
factor rise, fourfold when compared with DL-~arcoly~in. The preparations differ from each other in their a~tt- 
tumor ~ctivlty, 
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Fig. 1. Changes in the average diameters of the tumors. 
sarcoma-g5, following a single injection of DL-sarcol~in 
(2), ethyl e~er  DL-sarcoiy~in (3), lsopropyl ether DL,- 
sarcolysin (4), DL-N-formylsarcolysin (5), and DL-N-ac~tyl- 
sarcol~in (6) all compared with the control curve (1). 

The daily injection of DL-formyharcol~in, whose dosage is 8 times that of ~arcolysin, still gives a much 
weaker effect. In order to obtain a result approaching that obtained with ~arcolysin, the dose has to be 26 f lm~ 
that of sarcolysin to produce des th in some of rkJe animals. The same occurs with other experimental modiflea- 
slum. Thus, in thl, preparation, the disparity ber,~een the toxic and therapeutic dosages is ies~ than seen in 
sarcoiy, in and so this compound can have no practical value even when.offering much theoretical interest. 

On the other hand0 DL-N-acetyI~rcolysin produces an effect corresponding to that of ~arcolyda in all 
e~perimen~l modifications, the dose exceeding that of sarcolysin only 1t/t-2 fold. Thus, this preparation has 
a much greater dhparity between the toxic and therapeutic do~age than seen with sarcoly~tn. 

Eight r a :  in whom therapy with DL-acetyl~arcolydn led to total tumor resorption, are still under contin- 
uing obv'..rvation 2 months later, in this time no recurrences have bee~ observed. This may mean that this com- 
pound will have practical value. 

Final judgment as to the clinical applicability of the preparations will have to await a study of their 
effects on blood and a n ~ a l  organs, as well as their spectrum of antitmnor activity. 
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Fig. 2. Tumor~ (sarcoma-45) on the 21st day af~e.~ �9 tingle inaction 
of the p~epara~ions in the same dosages. 
k-con~oL I) DL-sarcoly~in: II) ethyl ether DL-sarcolyfln; I/I) 15o- 
propyl ether DL-sarcolydn; IV) DL-N-formyl~arcoljatn; V) DL-N- 
aeetyharcolysin. White squares indicate rats in whom the tumors 
were fully resorted. 

The comparison of the toxic and andtumor activities of DL-N-fermyl- and DL-N-aceryls~colyr.in pre1~- 
rations leads u~ ~ take a great interest in examining replacement of ~e, ~mino group c~n the ~arc~tyda wlt.h a 
longer alkylated chain. Tl:em studies are no~ in progress. 

SUMMARY 

Four mo~Afications of sareoly~in were prepared. Two were substivations in the earboxyI group: ethyl lnd 
isotxopyl e~hers of DL-sarcolyda; and two were substitutions in the amino group: DL-N-formylsareolysin and 
DL-N-~eetylsa-reo!~ta. Animal test~ were performed or, rat sarcoma 45, a total of 229 ra~ being used to deter~ 
mine the IA~ and aho the antitumor effect. 

The ca~boxyl group substitufiom were very similar in effeeu m sareolysin itself. The amino substitu~d 
c~npounds were both less toxic and less effective against tumors. Ho~ever, while in N-formyharcolyfln the 
difference b~tween uhe toxic and therapeutic doses is less than in sarcolysin, the lethal dose of [he N-aeetylo 
sarcolysfa h about 4 ,~hnes ~rea~r than the do.,e for sareoIysin itself. Thus, the therapeutic dose of this !z~t 
modif ic~iaa has twice the safety of the corresponding sarcolysin dosage. 

This last re.~ult has aroused Interest in replacing the amino group with longer alkyl~ted chains. Studies 
with ~uch compounds are now in progress. 
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