
The resul ts  of this investigation thus show that s a r comas  developing in radiation chimeras  as a resul t  
of subcutaneous implantation of pieces of plast ic film in the late periods after  i r radiat ion ar ise  as a rule f rom 
cells of the i r radia ted  animal and not f rom bone mar row cells t ransplanted into it. However, the presence of 
T6 marke r s  in one of the tumors  does not rule out the possibil i ty that, in principle,  s a rcomas  can develop 
through induction by plastic film f rom elements  of bone -mar row origin. 

K connect ive- t i ssue  cells used up as mater ia l  for  the formation of these tumors  in mice are  in fact  r e -  
placed by bone -mar row cells,  the p rocess  takes place ext remely  slowly. Therefore ,  the formation of connec- 
t ive- t i ssue  cells f rom b o n e - m a r r o w  p r e c u r s o r s  evidently does not play an essent ial  role in the histogenesis  
of s a r comas  induced by implantation of plast ic film. 
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A C T I O N  OF S A R C O L Y S I N  AND A S A L I N E  ON I N C O R P O R A T I O N  

OF T H Y I ~ I I D I N E - H  3 I N T O  DNA O F  S A R C O M A  45 

A N D  T I S S U E S  O F  T U M O R - B E A R I N G  R A T S *  

V. A.  S t r u c h k o v  a n d  V. V. B e r g o l ' t s  UDC 615.277.3.015.42:616- 
006.3.04-092.9-008.939.633.2 

The action of sarcolysin and asaline on DNA synthesis in sarcoma 45 and in the spleen, thymus, 
bone marrow, and liver of tumor-bearing rats was studied in relation to the time of administra- 
tion of the compounds. The selectivity of action of sarcolysin and asaline, which differ in the 
structure of the carrier, was fotmd to be directly dependent on the ability of these compounds to 
depress  DNA synthesis in the tumor  and in normal  t issues .  

KEY WORDS: sarcolys in ;  asaline; DNA synthesis;  s a r c o m a  45. 

Lar ionov 's  view [5] that the effectiveness of ant i tumor alkylating compounds may depend substantially 
on the s t ruc ture  of the c a r r i e r  has now obtainedadequate experimental  confirmation [3, 6]. Meanwhile the 
search  for  new chemotherapeut ic  agents with more  select ive action calls for  the study of the molecular  mech-  
anisms of their  cytostat ic  action [3]. One possible approach to the solution of this problem would be by study- 
ing DNA synthesis ,  which is easi ly dis turbed by alkylating agents [7] and ionizing radiation [9]. 

*The results of this investigation were published partly in the Proceedings of the Second All-Union Conference 
on the Chemotherapy of Malignant Tumors, Kiev, September 25-26, 1974. 
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Fig. 1. Dynamics of incorporat ion of thymi-  
dine-H 3 into DNA of t i ssues  of t u m o r - b e a r -  
ing rats  depending on time of injection of 
the compounds: a) sa rco lys in ;  b) asaline. 
1) Sarcoma 45; 2) bone marrow;  3) spleen; 
4) l iver;  5) thymus.  Broken line, control.  
As te r i sks  denote that differences are  not 
significant. Mean resul ts  of three  exper i -  
ments shown. Abscissa ,  t ime after  injec-  
tion of compound (in h); ordinate,  rat io of 
experimental  to control  value (in %). 

The object of this investigation was to compare  the ac-  
tion of sa rco lys in  and asaline in vivo on DNA synthesis  in a 
tumor  and in var ious  t i ssues  of tumor -bea r ing  rats .  Asaline 
is a dipeptide, the ethyl e s t e r  of N-ace ty l - sa rco lysy l -va l ine ,  
i.e., it differs f rom sa rco lys in  in the more  complex s t ruc ture  
of the c a r r i e r .  Posses s ing  high anti tumor activity, it causes 
less damage than sa rco lys in  to the hematopoiet ic  organs of 
animals [2, 8]. It was accordingly decided to compare  the r e -  
sults of chemotherapeut ic  [2, 8] and biochemical  investigations 
of the effect of sa rco lys in  and asaline on DNA synthesis .  

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

Exper iments  were ca r r i ed  out on noninbred male albino 
rats  weighing 100-200 g. Sarcoma 45 and the thymus,  bone 
marrow,  spleen, and l iver  of the tumor -bea r ing  rats  were in- 
vestigated.  Sarcoma 45 (sensitive to sarcolysin)  was obtained 
f rom the s t ra in  l abora tory  of the Institute, transplanted,  and 
maintained by the usual  method. The alkylating agents were 
injected once only, intraperi toneal ly,  in the maximal tolerated 
dose, usually on the fifth to seventh day af ter  transplantation: 
sa rco lys in  (10 mg/kg) in 0.14 M NaC1 solution, asaline (100 
mg/kg) as a suspension in 2% starch.  

The dis turbance of DNA synthesis  in the tes t  t i ssues  
was as sessed  f rom the incorporat ion of thymidine-H 3 (13.5 

Ci/mmole), which was injected intraper i toneal ly  in 0.14 M NaCl solution (100 pCi/100 g body weight). The dy- 
namics of incorporat ion of thymidine-H 3 into DNA was studied 3, 24, 48, 72, 96, 120, and 144 h af ter  injection 
of sa rco lys in  and 24, 48, 72, 96, 120, 168, 192, and 216 h after injection of asaline into the animals .  At each 
t ime point, two or  three ra ts  were  used in the experiment .  The animals were decapitated 2 h after  receiving 
the injection of thymidine-H 3 and DNA was extracted.  For  this purpose the t issues were placed in glass ves-  
sels (50 cm3), cooled to 0~ minced with a hand press  (except the bone marrow),  and homogenized at 0~ (in 
5 ml of 0.14 M NaC1 solution with 0.01 M Na citrate) in a glass homogenizer  with Teflon pestle.  Usually 0.3 g 
spleen, 0.15 g thymus,  0.5 g of the tumor,  0.15 g of bone mar row,  and 0.5 g of l iver  were used in the exper i -  
ment. Along with RNA, DNA was ext rac ted  by the phenolic method [1] af ter  a single deproteinization.  The 
DNA content in the samples  and the radioact ivi ty  of the specimens were determined by the method of Sehmidt 
and Thannhauser  [12], in conjunction with a mil l ipore technique, which excluded contamination by RNA and 
rad ioac t ive low-molecu la r -weigh t  impuri t ies .  The procedure  of p repara t ion  of the samples  for  determinat ion 
of the DNA content and radioact ivi ty was as follows: 0.5 ml of the original  DNA solution was added to 0.5 ml 
1 N NaOH, the mixture was incubated at 37~ for  45 rain, and after  cooling to 0~ it was t rea ted  with 2 ml of 
25% TCA. The mixture was quickly mixed with an ul t rasonic v ibra tor ,  which also facil i tated the format ion of 
a finely d i spersed  residue of DNA, which was applied to a mil l ipore f i l ter  and washed three t imes with 2 ml 
cold 5% TCA. The excess  of TCA was removed by washing three t imes with 70% ethanol or  ether. The fi l ters 
were  fur ther  dried by leaving them in the incubator at 37~ overnight.  To determine the DNA content the fi l-  
t e r s  were placed in tubes with ground glass  s toppers ,  4 ml of 5% perch lor ic  acid was added, and the samples  
were  hydrolyzed for  20 rain at 100~ The DNA content in the samples  was determined spect rophotometr ica l ly  

[10]. 

The procedure  of prepar ing  samples  for  the study of radioact ivi ty  was the same except that the DNA 
content in the samples  was 25 /~g. Millipore f i l ters  (Synpore-6, Czechoslovakia) 25 mm in diameter ,  with a 
mean pore  s ize  of 0.4 p, were used. The radioactivi ty of the DNA samples was measured  on the Mark II scint i l -  
lation counter  (USA). The sc int i l la tor  was 5 g PPO and 0.3 g POPOP to 1 l i te r  toluene. The resul ts  were ex- 
p re s sed  in coun t s /min /mg DNA and as percentages  of the control.  The resul ts  were  analyzed by Student 's 
method. 

EXPERIMENTAL RESULTS 

The dynamics of incorporation of thymidine into DNA of sarcoma 45 and of the thymus, spleen, bone 
marrow, and liver of the rats in relation to the time of action of sarcolysin is shown in Fig. la. Clearly under 

736 



the influence of sarcolys in ,  given as a single injection of the maximal  tolerated dose, incorporat ion of thymi-  
dine-H 3 into DNA was considerably reduced (by 70%) af ter  24 h, and it remained reduced by 50% in the final 
s tages of the experiment.  Compared with the tumor,  in normal  ra t  t i ssues  (spleen, bone marrow,  and thymus) 
DNA synthesis was inhibited for  a shor t e r  time. However, in the initial periods of the experiment,  DNA syn-  
thesis in the bone mar row was found to be more  res i s tan t  to the action of sa rco lys in  than in the spleen:  After 
a Very smal l  dec rease  between 24 and 48 h, it re turned close to normal  af ter  72 h. However, la ter  DNA syn-  
thesis became unstable, for a tendency was observed both for  it to diminish and to be activated. Charac te r i s -  
t ically in the thymus a sharp  decrease  in DNA synthesis  was replaced after  24-48 h by considerable s t imula-  
tion {by 250%). 

The resul ts  of these experiments  indicate that sa rco lys in  inhibits DNA synthesis in the tumor  more  
select ively and that it affects normal  t i ssues  to a l e s se r  degree.  Bone mar row hematopoiesis  in t u m o r - b e a r -  
ing rats ,  moreover ,  is impaired  less than lymphopoiesis.  These observat ions are  in good agreement  with the 
resul ts  of the chemotherapeut ic  investigations,  in which the action of various derivatives of dichloroethyl-  
amine on hematopoiesis  in animals was studied [3, 8]. The resul ts  of the p resen t  experiments  are basically 
analogous to those of biochemical  investigations [7] of the action of sa rco lys in  on incorporat ion of p32 into 
DNA of s a r c o m a  45 (normal strain) and in the spleen of ra ts .  However, 3 h af ter  injection of sa rco lys in  into 
the animals, st imulation of DNA synthesis  was not observed,  as was reported by the author cited above [7] 6- 
12 h af ter  injection of the compound. 

The resul ts  of the present  experiments  with asaline are  shown in Fig. lb. Asaline, like sa rco lys in  (but 
by a somewhat l e s se r  degree),  pers i s ten t ly  inhibited the incorporat ion of thymidine-H 3 into DNA of s a r coma  
45 (by 50-40%) at all t imes of the experiment.  However, it must  be pointed out that the dynamics of DNA syn-  
thesis in normal  rat  t i ssues  in the experiments  with asaline differed significantly f rom its dynamics in the 
experiments with sarcolysin .  This was ref lected in the fact that the phase of inhibition of incorporat ion of 
thymidine-H 3 into DNA in the spleen and thymus (with a maximum at 24 h) was followed by a phase of marked 
st imulation {by 200 and 500% respect ively,  with maxima at 96 and 120-144 h). Moreover,  by contras t  with 
sarcolysin ,  asaline in general  did not inhibit DNA synthesis  in the bone mar row in the initial periods of the 
experiment,  and la ter  it s t imulated it considerably (an increase  of 250%). 

Besides s t rongly  inhibiting DNA synthesis  in the t umor ,  unlike sarcolys in ,  asaline thus inhibited DNA 
synthesis to a l e s se r  degree in the normal  t issues of the tumor -bea r ing  ra t s .  However, in the i r  action on 
the t issues of hematopoiet ic  organs,  asaline and sa rco lys in  have much in common. For  example, both asaline 
and sa rco lys in  inhibited DNA synthesis  more  effectively in the spleen and less effectively in the bone marrow. 
Both these compounds in the initial s tages of the experiments  inhibited DNA strongly in the thymus, but la ter  
activated it considerably.  The phenomenon observed  in this investigation may have great  importance for the 
understanding of the mechanism of the immunobiological response of the recipient  to the action of alkylating 
agents. Stimulation of DNA synthesis  in the cells of hematopoietic t i ssues ,  as was observed in the present  
experiments ,  is evidently connected with st imulat ion of regenerat ion in these t issues  af ter  initial damage. 

The dat2. on incorporat ion of thymidine-H 3 into DNA in the l iver  of tumor -bea r ing  rats  indicate that un-  
der the influence of alkylating agents DNA synthesis  may be disturbed not only in actively prol i fera t ing t issues.  
Differences observed in the dynamics of incorporat ion of thymidine-H 3 into l iver  DNA in response to injection 
of asaline and sa rco lys in  suggest  that dis turbances  of DNA synthesis may also play an important  role in the 
chemotherapeutic  effect, as was also concluded f rom the work of Wheeler and Alexander [11]. 

In conclusion, the resul ts  of these comparat ive  investigations of the action of sa rco lys in  and asaline on 
DNA synthesis  agree well with the resul ts  of chemotherapeutic ,  cytological,  and cytogenetic observations [2, 
4, 8] and they emphasize the g rea t  impor tance  of the s t ruc ture  of the c a r r i e r  in the ant i tumor effect of alkylat-  
ing agents on the body. The cytostat ic  action of asaline, like that of sa rco lys in  [7], is evidently based on dis-  
turbance of DNA synthesis .  
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E N Z Y M I C  A N D  I M M U N O L O G I C A L  A C T I V I T I E S  

O F  L Y M P H O C Y T E S  D U R I N G  C H E M I C A L  C A R C I N O G E N E S I S  

G.  P .  A i r a p e t ' y a n ,  I .  N. M a i s k i i ,  
R .  B.  G u d k o v a ,  a n d  L .  K.  A i r a p e t ' y a n  

UDC 616-006.6-02:615.277. 
4]-092.9-07:616.155.3.07 

During chemica l  ca rc inogenes i s  in Wis ta r  ra t s  the act ivi ty  of acid phosphatase  and ce r t a in  dehy- 
d rogenases  in the blood lymphocytes  was compa red  with the development  of ce l lu lar  immunity  
revea led  by  the macrophage  migra t ion  inhibition test .  In the ea r ly  per iods  of ca rc inogenes i s  
the changes in succinate  dehydrogenase  and acid phosphatase  act ivi ty were  shown to co r re spond  
to a high level  of immunological  reac t iv i ty  of ce l lu la r  type in 66% of the animals .  During p r o -  
g r e s s i v e  growth of the tumors  in the r a t s  the enzyme balance in the lymphocytes  was dis turbed 
and, at the s ame  t ime,  the immunological  r e sponse  was depressed .  

KEY WORDS: chemica l  ca rc inogenes i s ;  lymphocytes ;  enzyme activity;  ce l lu lar  immunity.  

Because of the inadequacy of immunological  p ro tec t ion  against  mal ignant  growth, the d i scovery  of the 
mechan i sm of this phenomenon is e x t r e m e l y  important .  It follows f r o m  communicat ions  published prev ious ly  
[1, 2, 4, 7-10, 12] that during the development  of the  immune r e sponse  of the o rgan i sm to antigens of infectious 
and noninfectious nature  definite changes a r i s e  in me tabo l i sm of the lymphocytes .  Suggestions have been made 
fo r  an approach to the elucidation of the degree  of in fo rmat iveness  of the cy tochemica l  changes in the cel ls  of 
the immunocompetent  s y s t e m  as a means  of predic t ing  the cour se  of d i seases  and the ef fec t iveness  of t r e a t -  
ment  [3]. 

The object  of this invest igat ion was to study the enzyme act ivi ty of lymphoeytes  and to compare  this ac -  
t ivity with the manifes ta t ion  of reac t ions  of ce l lu la r  immuni ty  in the course  of chemica l  carc inogenes is .  No 
invest igat ions of this type on this pa r t i cu l a r  model have been descr ibed.  

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

The carc inogen  DMBA was injected in t r amusuc la r ly  in a dose of 3 mg pe r  animal  into Wis ta r  ra ts .  Be- 
fore  t r ea tmen t  with the carc inogen  and fo r  the 5 months a f t e r  its injection, the dynamics  of act ivi ty  of th ree  
enzymes was studied in the blood lymphocytes:  succinate  dehydrogenase  (SD; EC 1.3.99.1), a - g l y c e r o p h o s -  
phate dehydrogenase (a-GPD; EC 1.1.2.1), and acid phosphatase  (AP; EC 3.1.3.2). Activi ty of the dehydrogen-  
ases  was de te rmined  by N a r t s i s s o v ' s  method [6] and of AP by the method of Goldberg and Barka  [11]. In o rde r  
to cha rac t e r i ze  the act ivi ty of these enzymes  a f t e r  the number  of s tained granules  had been counted in 50 
lymphocytes ,  mean  values pe r  cell  were  obtained. 

Resea rch  Labora to ry  of Exper imenta l  Immunobiology,  Academy of Medical Sciences of the USSR. (P re -  
sented by Academic ian  of the Academy of Medical Sciences of the USSR N. N. Zhukov-Verezhnikov.)  T r a n s -  
lated f rom Byulleten'  ~kspe r imen ta l ' no i  Biologii i Meditsiny, Vol. 81, No. 5, pp. 591-594, May, 1976. Original  
a r t i c le  submit ted  August 15, 1975. 
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