SUSTAINED DRUG RESISTANCE OF A TRANSPLANTABLE
STRAIN OF RAT LEUKEMIA (ERYTHROMYELOSIS)
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By transplantation of ¢ells of a subcutaneous leukemic tumor {erythromyelosls of rats) recurring af-
ter administration of paraphenacyl 3.5 ml/kg, 10 times) 2 strain of the tumer resistant to paraphenacyl and
other alkylating agents was obtalned. The resistance persisted after repeated passages through healthy rats
{over 1.5 years) without administration of the drug. The resistant strain Is similar in its morpholegy and
growth parameters io the sensitive variant,
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Iavestigation of drug resistance of leukemias to active therapeutic agents, together with the search
for new specific preparations, conslitute some of the most Important and urgent problems In experimental
levkemia therapy.

Although resistance of leukemias to alkylating agents was discovered at the very begloning of thelr
clinical spplication [4, 10}, the experimental study of this problem began comparatively recently. Ticporis
have been prblished of the development of resistance of & varying degree among experimental lenkemlas:
Dunaing IRC-741 of rats to embichia [8] and sarcolysin | 12], leukemia 1219 of mice to cyclophosphamide
i3} p!asmacytom., of hamsters to TET and cyclophesphamide [11]. A number of investigations have been
made of drug resistance of twnors to alkylating agents [3-32, §, ete).

We have investigated the development of resistance 1o an active antileukemia preparation, paraphena~
eyl - N/p-di{2-dichlorocthyl) aminophenacetyVp-aminobenzole acld—synthesized in the laboratory directed
by Academmician L L. Knunyants of the Institule of Elemenlo-Crganlc Compounds, Academy of Sclences of
the USSR. Paraphenacyl possesses high antitumor and antileukemle activity {6, 7).

EXPERIMENTAL METHOD

Experiments were carried cut on 226 Wistar rols of both soxes welghing «00-3200 g. Eryihromyelosis
of rats was cbiained in Professor Svec's Laboratory {Czechoslovakia)., As a result of passage of this siraln
for-five years through rats from the *Stolbavaya® nursery the straln transplanted successiully in 105% of
cases Lo cause dea:'h of aia thz ant mﬁ%s f&eé Lm; {13. wa .5 days {P = 0.03). The rats died wilh signs ¢f
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TABLE 1. Dynamlcs of Acquired Resistance of Paraphena-
cyl in Straln of Erythromyelssis During 22 Generatlous
Without Administration of the Drug
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*Ordinzry strain; rats sacrificedafier 3 months without sligas
of leukernia. Paraphenacyl given by mouth {a all experiments,

‘The Intregal test of antileukemie activity readily amenable to mathematical analysis used In thesa
experiments was the mean life span (BILS). The increase MLS In percent was determined with the formula
{12}

MLS of experimental control group % m@)_ 100,
MLS of control group

‘Thé results of the measurements were subjected to statistical analysia.

EXPERIMENTAL RESULTS

Administrationof paraphenacyl fn doses of 7 and 3.5 mgkg 10 times or la a single dose of 60 mglkg
on the 5th day of transplantation of the erythromyelssis caused regression of subcutaneous leukemlc tumors
and of other mantfestations of leukemia in 83-100% of rats. All the hematolozie indlces returned to normal
and the anlmals recovered,

A strain of erythromyelosis resisiant to paraphenacyl was obtalned {n November, 1964 a3 a result of
transplantation of cells of a recurrent subcutanecus levkemic nedule afler paraphenacyl treatment. Whea
paraphenzcyl was adnilnistered to 6 rats in 2 dose of 3.5 my/kg for 10 days, 11 of the 12 subcutanecus
tumors were completely absorbed. One tumor also diminished in size to 2 mm {a dlameter, but afler stop-
ping the drug, 1t grow agaln within two wecks to reach 3 dlameter of 42 mm. This tumor was minced and
transplanted into healthy rats which developed a typloal pleture of generalized leukemia, little dliffersat In
its course {rom the original variant of erytheomyelosia.

The dose of paraphenacyl causing regrossion of the ordinary straln of erythromyelosis was complate~
ly incifcetive in the treatmen? of the straln devived from the recurrent colls. Practieally complete refrace
toriness to parnphenacyl developed and the animsls died with large tumors and signs of generalized leuke~
mia at the zame times 33 unirealed aalmals {(Tolls 1),

Eesistance of the strain to paraphenacyl was malntained in subsequent generations by transplantatiea
{n the absence of the drug for more than 1.5 years., Obzervations on this styals are centlnulag,
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The model pf transplantable leukemia resistant to a partfeular group of compounds and maintaining
its resistance at a stable lIevel without further treatment with the preparation can be used to investigate 2
number of practical and theoretical problems.

In the strain of leukemia now obtalned {with practically complete resistance to the drug) the growth
parameters are similar to those of the ordinary strain sensitive to alkylating agents and its variant; this
strain Is a suitable model for studying the mechanism of action of the drug and the mechanisms of drug
resistance; a comparative morphologie, genetle, and blochemical study of the normal and resistant variants

of this leukemia Is nccessary.

The hypothetical mechanisms of onset of drug resistance in this particular case could be mutation
followed by selection of resistant ceils. This hypothesis is supported by the rapid onset of complete resis-
tance and the sustained tnheritance of this property without administration of the drug {for more than 1.5
years). Another possible mechanism could be selection of preexisting resistant cells, but this is contradicted by
the possibility of complete cure, i.e., destruction of all leukemic cells after administration of cptimal doses
of paraphenacyl.

The resistance could be due to diminished permeability of the membranes of resisiant cells to the
drug, to the formation of metabolic by-passes for the formatlon of certain nonspecific metabolites, notably
those containing sulfhydryl groups | 13}, which protect sensitive loct in the cells by competitively blocking
alkylating groups capable of taking part in the veactica.
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