
with or separately from females, and in females which became pregnant. 

Consequently, immunization with embryonic antigens during pregnancy neither inhibits nor stimulates 
growth of tumors induced by SV40 virus,  as shown by comparison of the incidence of tumors in females be-  
coming pregnant and in males (control). In a study by Parmiani and Lembo [3] it was shown that the incidence 
of pr imary methylcholanthrene tumors in female mice of various strains which became pregnant was lower 
than in females not becoming pregnant, although no male control group was present  in this investigation. There 
are  two possible explanations os  r e su l s  First,  cells t ransformed by SV40 virus in the early stages of 
carcinogenesis may not contain antigens of embryonic type and, consequently, pregnancy during the latent period 
has no immunological effect on carcinogenesis.  Such antigens perhaps appear in tumor cells in the la ter  stages 
of tumor development and, in part icular ,  in the cells of transplantable tumors.  Second, it may be that embry-  
onic antigens do not in general (because of tolerance or other reasons) play the role of transplantation antigens 
and cannot produce antitumor immunity. Both these possibilities are being studied experimentally. 
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E F F E C T  O F  S A R C O L Y S I N  ON G L U T A T H I O N E  P E P O X I D A S E  

AND G L U T A T H I O N E  P E D U C T A S E  A C T I V I T Y  IN S A R C O M A  C - 4 5  

V. A. B a b u s h k i n ,  A. V. A r k h a n g e l ' s k a y a ,  UDC 616-006.3.-04-085.277.3-07: 
and A. M. G e r a s i m o v  616-006.3.04-008.931 

A decrease  in glutathione peroxidase and glutathione reductase activity in sarcoma C-45 was 
discovered during the period of its most rapid growth. Repeated injections of sarcolysin (1.2 
mg/kg ,  intraperitoneally) caused a sharp decrease  in the activity of both enzymes and a s i -  
multaneous decrease in the ratio between glutathione reductase and glutathione peroxidase 
activities. It is suggested that the glutathione redox enzyme system plays an important role 
in the mechanisms of the antitumor action of chemotherapeutic agents. 
KEY WORDS: glutathione peroxidase; glutathione reductase; tumor growth; sarcolysin.  

Investigation of glutathtone peroxidase (GP) and glutathione reductase (GP) in tumor tissue is interesting 
from at least two aspects. Firs t ,  by forming the glutathione redox system these enzymes,  by their function, 
maintain a definite relationship between the oxidized and reduced forms of this tripeptide, which is of great  
importance in the regulation of cell division [5]. Second, it has now been shown conclusively that there is defi-  
nite correlation between the level of lipid antioxidants and the rate of cell proliferation [1]. The ability of GP 
to perform its antioxidant function [3] on account of the safe utilization of hydrogen peroxide and of engodenous 
organic peroxide suggests that the state of the glutathione redox enzyme system can make a significant con- 
tribution to the f ree-radical  mechanism of regulation of cell proliferation. 

The object of this investigation was to study the dynamics of GP and GR activity in sarcoma C-45 during 
its growth and after administration of sarcolysin. 

Laboratory of Biochemistry, Bostov-on-Don Oncologic Pesearch Institute. Department of Biochemistry, 
Medico-Biological Faculty, N. L Pirogov Second Moscow Medical Institute. (Presented by Academician of the 
Academy of Medical Sciences of the USSR V. N. Orekhovich.) Translated from Byulleten' Eksperimental 'nm 
Biologii i Meditsiny, Vol. 84, No. 11, pp. 597-600, November, 1977. Original ar t ic le  submitted April 8, 1977. 
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Effect of  sa rco lys in  on growth of  sa rcoma  C-45: 
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1) without sarcolys in ;  2) with sa rco lys in .  
Absc issa ,  days a f t e r  t ransplanta t ion of tumor;  ordinate ,  volume of  tumor  ~n cm3)o 

Fig. 2. Changes in GP act ivi ty  during tumor  development  and sa rco lys in  t rea tment .  A) Activity 
calculated pe r  g ram wet weight of t i s sue ,  ]3) per  mi l l ig ram prote in ,  C) per  mi l l ig ram DNA. Ab- 
s c i s sa ,  days a f te r  t ransplanta t ion of tumor;  ordinate ,  units of  enzyme activity.  Remainder  of 
legend as in Fig. 1. 

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

Noninbred male  albino ra ts  inoculated subcutaneously in the dorsa l  region with the tumor  (sarcoma C-45) 
were  used. T issues  of the tumor  at d i f ferent  s tages of its development  and in the course  of t r ea tmen t  with 
sa rco lys in  were  invest igated.  The compound (1.2 mg /kg )  was injected in t raper i toneal ly  on a l te rna te  days 
s tar t ing  on the eighth day of the exper iment .  The course  consis ted of 10 injections.  The animals were  decap-  
itated at var ious  t imes ,  the tumor  f reed  from its capsule and a reas  of n ec ro s i s ,  forced through a p r e s s  with 
holes 0.5 mm in d i ame te r ,  and homogenized in the cold in a homogenizer  of the Pot ter  type (Tef lon-g lass )  in 
medium containing 0.25 M suc rose ,  10 -3 M EDTA, 0.1% Tri ton X-100, and 50 mM K-phosphate buffer ,  pH 7.4. 
The homogenate was centr i fuged for 10 rain at 800g and the supernatant  used for the invest igat ions.  

The GP (EC 1 .11.1 .9)ac t iv i tywas  d e t e r m i n e d b y t h e u s e  of t e r t -bu ty l  hydroperoxide as the subs t ra te  [6]. 
The incubation mix tu re  contained K-phosphate buffer ,  pH 7.0, 0.12 mM NADPH, 0.85 mM reduced glutathione, 
1 unit yeas t  GR, 1 mM EDTA, and 0.4 mM te r t -bu ty l  hydroperoxide ,  GR (EC 1~ act ivi ty was investigated 
by the method desc r ibed  by Geras imov et al. [12]. GP act ivi ty  was expressed  in pmoles  reduced glutathione 
hydrolyzed  pe r  minute ,  and GR act ivi ty  in #moles  of oxidized glutathione reduced per  minute.  DNA was d e t e r -  
mined by Burton 's  method [4] and soluble prote in  by the biuret  method.  

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

Measurement  of the tumors  showed that the scheme of injection of sa rco lys in  used under these  expe r i -  
mental  conditions caused marked  inhibition of  the i r  growth (Fig. 1), but did not however  lead to the i r  complete 
absorpt ion.  As a r e su l t ,  the dynamics  of the indices can conveniently be regarded  as cha rac t e r i s t i c  for  cel ls  
of the same t ime but with d i f ferent  ra tes  of division. Curves of the dynamics of  GP act ivi ty in the tumor  t i s sue  
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Fig. 3. Changes in GP ac t iv i ty  during t umor  
development  and s a r c o l y s i n  t r e a tmen t .  
Legend as  in Fig. 2. 

r o s e  to a m a x i m u m  cor responding  to the 18th day of t umor  growth (Fig. 2). The s tage of exponential  growth 
of the t umor  (Sth-25th days) thus p roceeds  aga ins t  the background of i nc reased  GP ac t iv i ty ,  but in the per iod  
of m o s t  rapid  growth of the s a r c o m a  (18th-20th days) GP act ivi ty  fell. Injection of s a r co ly s in  caused  a d e -  
c r e a s e  in GP ac t iv i ty ,  ca lcula ted  pe r  m i l l i g r a m  pro te in  and p e r  g r a m  t i ssue .  The change in GP act iv i ty  c a l -  
culated pe r  m i l l i g r a m  pro te in  indicates  that  the act ion of s a r co ly s in  has g r e a t e r  spec i f ic i ty  toward this en-  
zyme than to the ma in  m a s s  of  p ro te ins .  Calculation per  m i l l i g r a m  DNA showed no s ignif icant  changes in the 
enzyme act ivi ty  under the influence of s a rco lys in .  The apparen t  contradic t ion between the r e su l t s  obtained by 
calculat ing ac t iv i ty  r e la t ive  to p ro te in  and to DNA d i sappea r s  i f  it is r eca l l ed  that  the p r i m a r y  s i te  of act ion 
of  s a rco lys in  is DNA and that  i ts  concentra t ion  in the t u m o r  falls  m o r e  s t rongly  than that  of  prote in .  

It is  imposs ib le  to conclude f rom these  r e su l t s ,  p r i m a r i l y  those cha rac t e r i z ing  GP act iv i ty  calcula ted 
re la t ive  to DNA, that  the rapidly  p ro l i f e ra t ing  cel ls  a r e  be t t e r  provided with glutathione pe rox idase .  A m o r e  
l ikely  explanation is that  i nc rea sed  GP ac t iv i ty  p r ecedes  cel l  d ivis ion,  and during the per iod  of m o r e  rapid  
p ro l i f e ra t ion  the enzyme ac t iv i ty  fal ls .  Consider ing the functional ro le  of GP,  it m u s t  be emphas ized  that  this 
d e c r e a s e  m a y  be one of the e s sen t i a l  causes  of the i nc rea sed  consumption of ant ioxidaats  d i scove red  during 
the per iod  of  ac t ive  cel l  division and a f t e r  admin is t ra t ion  of s a rco lys in  [1]. 

Changes in GP ac t iv i ty  during t u m o r  development  w e r e  l e s s  m a r k e d  than those of GP (Fig. 3). Mean-  
while,  s a rco lys in  sha rp ly  inhibited GP act ivi ty .  The level  of  reduced glutathione is an essen t i a l  fac tor  in the 
regulat ion of cell  divis ion [5]. Since the ra t io  between reduced and oxidized glutathione depends on the ra t io  
between the ac t iv i t i es  of GP and GR, the d e c r e a s e  in GP act iv i ty  in the per iod  of rap id  growth of  the s a r c o m a  
(18th-25 th days) and a f t e r  injection of s a r co ly s in  could be an impor tan t  m e c h a n i s m  of spontaneous and s a r -  
colys in- induced inhibition of t umor  growth.  Compar i son  of the cu rves  showing the dynamics  of  GP and GP a c -  
t ivity c l e a r l y  shows a s h a r p e r  d e c r e a s e  in GP than in GP act iv i ty  a f t e r  injection of sa rco lys in .  As a r e su l t  of  
th is ,  the ra t io  between GR and GP ac t iv i t ies  falls  cons ide rab ly ,  thus providing the bas i s  for  a shift  of  the t h i o l -  
disulfide equi l ibr ium in the cell  toward disulf ide format ion.  It is worth noting that in some  mode l  s y s t e m s  the 
oxidation of glutathione inhibited pro te in  synthes is  [9]. 

Many ca rc inogens  inc reased  GP act ivi ty  [5] and the ra t io  between GR and GP ac t iv i t i es  [7, 8]. As the 
resu l t s  desc r ibed  above show, s a r co ly s in  causes  the opposi te  changes.  Although the r e su l t s  do not answer  the 
question whether  a d e c r e a s e  in GR and GP ac t iv i t i es  is a condition or  the r e su l t  of  the an t i tumor  action of c h e -  
mothe rapeu t i c  agen t s ,  the study of co r r e l a t i on  between the therapeut ic  eff icacy of  an t i tumor  compounds and 
the i r  effect  on enzymes  of  the glutathione redox sy s t em m a y  p r o v e  p r o m i s i n g  for  the ra t ional  s e a r c h  for  such 
agents .  
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