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By transplantation of cells of a subcutaneous leukemic tumor {erythremyelosls of rats) reeurrs af- 
ter administration of paraphenacyl {3.5 ml/kg, 10 times} a s~ra|n of the tumor resistant to paraphenaeyl aud 
other alk-yladng agents was .obl~lned. The resistance persisted after repeated passages through healthy rat~ 
{over 1.5 years} without administration of the drug. The reslstant a,traIn Is slmi!ar In its morpho1~g~ Rnd 
growth parameters to ~e scnsltIve varlan-~, 

@ $ @ 

Investigation of drug resistance of Ieukem[aa to active therapeu~10 agents, together wi~  the search 
for new specific preparations, constRute some of the most important and ,argent problems In experimental 
leukemia therapy. 

Although resistance of leukem~as to alkylatir, g ~gen~s v-as discovered at ~he very beglnntng of theft 
clinical application [4, 104 ~ e  e.x~pcrlmen~al study of ~s problem b%~an compara%~voty recently. Ez~orL~ 
have been pvbllshcd of the development of resistance of a varying degree among e:~per|me~tal le '~emta~: 
Dunning IRC-741 of rats to embieh~a |8] and sareolys~n | 12], leukemta 1210 of m~ee to cye~opho~pham~dO 
[9], plaawnaeytom~ of hamsters  to TET and cyclophe~pham~.de [ I 1|. A number of Investigations have F~ea 
made of drug resistance of tumors to alkTlating agents | ~ .  ~, e~] .  

We have Invesflg~ted the deve]opmer~ o~ resistance ~ aa active ant l ie~emIa preparation, paraphena- 
cyl-N/p-d~-d~chlorocthyl} am~ophenaeetyVp-am~nobc~zo|o acid-synthesized in the laboratory d~reeted 
by Aeadem|e~au L L. Knunyants o[ the Institute o~ Eleme~:~-Orga~!e Compounds, Academy o~ Sc~ec~ce~ o~ 
the USSR. Paraphenaeyl possesses h~gl~ and~umor and aagle~<em-to aetiv~b/|~, 7], 

E X P E R I M E N T A L  ~ E T H O D  

Experiments were carr ied  on*. on 220 ? , ~ r  r a ~  e~ ~o~,h ~exe~ weighing ~00-~00 g. Erythromyelo~s 
of rats  was obtained in P~ofe~sor ~vee 's  Lahora~ry (Czvchoslova;da). As a resul~ of pa~age  of rids sh'a~. 
for-five years  through rats  from fl~e "Sto~bovaya" nu.~';~ery ~ e  atra!n tr~n~9~anted ~ u e c e z ~ y  ta I0~% o~ 
case~ to c a u ~  death r all ~ a~!ma~ ~ e r  I~o~ ~l~;l-q~.5) d~ys ~ = 0.~5}. The yaL~ dled wi~  s l ~ a  c~ 
general|zeal leukemia, wihh the appearance ~t -~.~.~,-,,~.~:~,o~ ~e~em~o cells ~ fl'~ bk~ed and" L'oae raar~o-~r 
extensive leukem!e [~ l t r a f i c~  ot fi~e spleen, lyn~ph 2 : ~ : ~ ,  l /vet,  and e~he~' ~n~e~aal Orgn.~:~, and w~h 
marked anemia. This stra~.~ of erythromyalo~s ~ h t ~ Y  ~ensltlve to eom~vuad~ of ~he cb2e~eLhy]a~In~ 
ar~ e~,hyln~ralne g r ~ p s .  ~ 

The normal and re~Is~a~ varlaa~s of e ~ ' ~ o m y e ] . o ~  were tvansphnted scbeuL~neo~.ty and bklat$~ 
rally. A suspension e~ tvn~or eeH~ and ~e'~v C O ~ p ~ : ~  ~a~ ob~k~:ed by ra~nelng a aubeu?az~c~ le~uk~I~ 
turner under s~crl]e Condltt~as a~d d~la~a~ it 1:3 ~ ~~y~o~c~cal ~allne. The control a~d e~r 
animals were wcighed~ their sul~u~ncou~ l eu : - : c~  t ~ } o ~  w o ~  raeasured~ the hernog~ob~ coace~a~toa  
and leukocyte and ery~roeyto~ e o u ~  we.+~ 6:~erm~:e~ ~ai  ~ e  b~,r p~eh~r~ s~ud~:~; ~om~ aa~a1$  ~ ' e r ~  

fu~loa, Mo~eo'~ ( ~ e ~ e a ~ d  L 7 Active M c m ~ ,  o~ ~h,~ Ac~demy o[ Med-~cat ~e~e~ce~ of th~ U 2 ~  H. A. F~<:~ ~ 
roy). TraaslaL,:-d from ByuHeten' ~,~perfme~:d'ae~ B~vSJA 1 Medt~s~ay~ V~L ~5~ ~o, ~ ~,p. 71~4 ,  J~.:~e~ 
19~8. Orlg~nal article submltteg July 18, I ~ .  



TABLE 1, Dynamics of AO'lUii'ed Reststance of Parapherm- 
cyl in Strain of Erythromyelos!s During 22 Generatio~s 
Without Administration of the Dr~g 
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3,5 18.a {t~,2--:H.4} 
- -  15.9 |1.1,~- 17.~ 
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*Ordinary s~raln; rats sacrificedaP~er3 months wltheut s~gv~ 
of leukemia. Paraphenacyl given by mouth |a  all e~er i raeht~.  

The lntregal test  of ant|leukemic activi~y readi!y amenable to mat~ematieat anatysls used In ~ e s s  
e.xper|ments was the mean�9 life span (MLS). T~e increase ML~ In percent was determined with the forrnul~ 

( MLS ~ experimenbal c~176 ~r~ z ~O~ - I c @ ~  of contr~1 grou, 

�9 Th6 resuits Of the measurcment~ were subjected to statistical analysis, 

E X P E R I M E N T A L  R E S U L T S  

Adminlstratlonof paraphenacy! iu doses of 7 and 3.5 mg/kg I0 times or In a slngle dose. of 60 m ~  
on the 5th day of trnnspl~ntatioa of ~he eryfiwo~uyelo~Is caused regression o~ subcu~n~us leukemic t~.or8 
and of o~er raanlfestatlons of le~<~mla in 83-I00~ of rats. All C~r hematologlr ind~ees reh~rned to r, orm~ 
and ~ a,-flmal~ recove~, 

A s~raln of erytbxomyelosis reslsLaat to p~raphenacyl was ob~alned Zn November, 19~ z~ ~ res.~t o~ 
trausplant~t!on of ceH~ of a recurrent su~utan~us leukemic nodule after paraphenac:r trea~r~enL ~eu 
paraphe~cy~ wa3 n~mlnlstered to 6 r~ts in ~ dose d 3.5 ra~/k~ for I0 days, |I ol' the 12 su~u~e~u~ 
tnmor~ were completely absorbed. O~e tumor a!zo dlmlnishcd in s~e to 2 mm ia d!ameter, but ~ter ~t~- 
ping t~he drug, tt o~'~ew again wt~ ia  ~ wee'~ to reach a d ~ e ~ e r  o~ 4~ tara. Th~s ~u~o~ was m~nccd ~r~d 
trau~pla~d into he~!~y rct~ which deve~o~e~ ~ ~'ple~l p~et~e o~ generalized le~emia~ I~fle dLffere~ ~ 
its course fron~ ~ c  cri~nal varlaa~ o~ e r y ~ ' ~ : ~ ) , e ~ i ~ ,  

The dose o~ paraphen~eyl enu~.~ng recession of Lhe oz~.~ry strata o~ eryLhromye~o~l~ ~t~ comp~e~ 
ly ineffective in ~he treatment o~ Lhe strain ~ez~.ved from ~he recta ' rent  r Practically complete refrac= 
tor~aes~ to ~ra~,~.:ea~cy~ d:~veto~e~ ahd .t,% an i~b~  d~e~ wl~h large ~umor~ and s1~ of generalized !e~kc- 
m ~  at t~e ~ame ~me~ a~ ua~vect~d ~ {'Z~A~ i}. 

Re~is~a,~ce of ~,e s~a in  to para~he~ac3] o~Tas n~lata~ned In subseqaen~ geaerat~oa~ by tran~plaa~!t~o~ 
in the absence of ~he drug fr mor~ ~aa  1~ ye~:~. O g ~ r v a t t o ~  ca ~h~ stru~a ar~ r a t~a~$ .  

eS9 



The model of transplantable leukemia resistant to a particular group of compounds and maintaining 
its reslstapce at a stable level without further treatment with the preparation can be used to investigate a 
number of practicM and theoretical problems. 

In the strain o~ leukemla now obtained (with practlca]ly complete resistance to the drug) the growth 
parameters are  similar to those of the ordir~'~ry strain sensitive to alkylatlng agents and its variant; this 
strain Is a suitable modei for studying the mechanism of action of the drug and the mechanisms of drug 
resistance; a comparative morphologle, generic, and biochemical study of the normal and reststan~ variants 
of this leukemia is necessary.  

The hypothetiea| mechanisms of onset of drug resistance in this par t icular  case could be mutation 
followed by selection of resistant  cells. This hypothesis Is supportcd by the rapid onset of complete r e s i s -  
tance and the sustained ir~crftance of this property without administration of the drug (for more ~an  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., dcstrucHon of all leukemic cells after administration of optimal doses 
of paraphe:'mcyi. 

The resistance could be due to dim|alshed permeability of the membranes of reslsL~nt cells b~ ~ 
drug, to the formation of metabolic by--passes for the formatlon of certain nons~ecifie me ,be l l i e s ,  no~ably 
those containing suIfl~ydryl g-roups | 13], Which protect sensitive Iocl in the cells by competitively blocking 
alkylatlng groups capable of taking part in ~ e  reaction. 
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