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Experiments  in vi tro showed that the activating action of inorganic phosphate (Pi) on glucose 
utilization by tumor t issue continues to be observed at low pH values of the incubation medium. 
Addition of 0.15 M Na2HPO 4 solution to Tris-HC1 buffer at  the time when self-acidif icat ion of 
the tumor ends during glucose infusion, led to a fur ther  decrease  in pH of the tumor tissue. 
pH values of the tumor of the o rde r  of 4.5-4.6 could be obtained. The use of solutions con- 
taining Pi to acidify tumors  during optimization of combined t rea tment  schemes appears  
promising.  
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One of the mos t  important  components of the "mult is tage t rea tment  of cancer"  and developed by von 
Ardenne [1] is select ive self-acidif icat ion of the tumor t issue.  A dec rease  in pH is essent ia l  in o rder  to ac t i -  
vate the lysosomal  enzymes which des t roy tumor ceils and to optimize the action of alkylating cytostat ics .  
Self-acidification is produced by injecting glucose solution into the tumor ca r r i e r .  The lowest pH of tumor 
t issue which has been obtained experimental ly,  when nicotinamide-adenine nucleotide was injected along with 
glucose when self-acidif icat ion ceased,  was 5.45 [2]. The cessat ion of acidification is explained p r imar i ly  by 
the fact  that the hexokinase activity of tumor t issue is sharply inhibited in an acid medium [3, 6, 8]. In an 
attempt to obtain as low pH values as possible,  which would be optimal for both chemotherapy and radiotherapy 
[1, 7], it was decided to make use of data [5] showing the activating action of inorganic phosphate (Pi) on gly- 
colysis  in tumor cells.  However, doubts were aroused by the fact  that in the paper cited [5] the activation 
effect was obtained in an incubation medium at pH 7.4, whereas in our own experiments  the pH of the tumor at 
the moment  of suggested addition of Pi was usually 5.5-5.6. 

In this investigation activation of glycolysis  of tumor t issue by Pi was studied at  low pH values. 

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

Exper iments  were car r ied  out on ra ts  with a subcutaneously transplanted Guerin 's  carc inoma,  the t issue 
of which was minced and a homogenate prepared in physiological saline (1 : 10), 0.5 ml of which was incubated 
in 2 ml of medium containing 12 #M ATP,  8.3 pM glucose, and 60 #M KF. The concentrat ion of Pi was 1 �9 
10 -3 M. The pH was stabilized with 0.15 M Tr i s -malea te  buffer. The choice of values of pH of the incubation 
medium was determined by the fact that on addition of glucose the pH range in the tumor t issue was 5.0-7.0. 
The glucose concentrat ion in the medium was determined by an enzymic method [4]. The action of Pi on the 
course  of self-acidif icat ion was studied in experiments in which a 20% solution of glucose was injected in t ra-  
venously into the ra ts  at  the rate  of 80 mg/kg/min, together with a solution of Pi, with simultaneous recording 
of the pH of the tumor by means of a glass microe lec t rode ;  the indices were recorded  on graph paper by a 
KSP-4 automatic wr i te r  (the technical aspects  of determinat ion of pH were dealt with by the engineer M. V. 
Sidorenko). The solution containing Pi for injection into the animals consisted of 0.15 M Na2HPO 4 solution 
stabilized with 0.15 M Tris-HC1 buffer,  with an equal volume of 40% glucose solution, and its pH was 7.35. 
Injection began when the pH of the tumor,  having reached a cer ta in  value during infusion of pure glucose, 
ceased to fall, as was usually observed af ter  92.0 �9 8.8 min. The resul ts  a re  given in Figs.  1 and 2. 

A reduction in hexokinase activi ty with a decrease  in pH of the medium and the activating effects of Pi at  
pH 6.9 a re  in agreement  with existing data [3, 5, 6, 8]. A new fact was found, namely that despite the decrease  
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Fig. 1 Fig. 2 

Fig. 1. Uti l izat ion of glucose by tumor  t i s sue  in incubation med ium at  d i f ferent  pH 
values .  Absc i s sa ,  pH; o rd ina te ,  quantity of g lucose  (in ~moles)  ut i l ized pe r  g r a m  
t i s sue  pe r  hour. 1) In p r e s e n c e  of Pi,  2) without Pi.  

Fig. 2. Value of  pH of tumor  t i s sue  during admin is t ra t ion  of solutions of g lucose  (a), 
g lucose  plus Tr is -HC1 buffer  (b), g lucose plus T r i s - H C l  buffer  plus Pi (c), glucose 
plus Pi (d), and a t  end of injection (e). Absc i s sa ,  durat ion of admin is t ra t ion  (in rain) ; 
ordinato ,  pH. 1) Expe r imen t  on 2/17/76; 2) expe r imen t  on 12/17/76. 

in pH the act ivat ing e f fec t  of Pi  r ema ined ,  and the d e c r e a s e  in hexokinase act ivi ty  which never the less  took 
place was less  marked  than in the absence  of Pi- Act ivat ion of glucose ut i l izat ion was observed  both when a 
0.15 M solution of K2HPO 4 was used (Fig. 1) and a lso  in the p r e s e n c e  of a 0.15 M solution of Na2HPO 4 (at pH 
6.9 without Pi  the r a t e  was 253.6 • 12.8 #moles  glucose/h/g t i ssue ,  with Pi  it was 272.8 • 9.6; a t  pH 5.2 the r a t e  
without Pi was 136.0 • 10.9 and with Pi  206.9 • 10.6 /~moles /h /g t i s sue ) .  This indicates that  i twas  the Pi ions which 
had an act ivat ing a c t i on  on glucose ut i l izat ion by the tumor  t i s sue  homogenate  and, m o r e o v e r ,  a t  low pH values.  
The next s tep was to ve r i fy  this effect  of  Pi on glycolys is  of  tumor  t i s sue  in expe r imen t s  in vivo. 

I t  was found that  addition of Pi  led to renewal  of the fall  of pH which usually was s tabi l ized a t  5.35 • 0.07 
level  (initial value 6.70 • 0.04) and led to cons iderab le  se l f -ac id i f ica t ion  of the tumor  t i ssue ,  as shown by a 
mean  pH within the tumor  of 4.90 + 0.09. The effect  of Pi began to be manifes ted  12.8 • 3.8 min a f t e r  the begin-  
ning of admin i s t r a t ion  of glucose solutions with Pi ,  and it continued on a v e r a g e  for 66.9 • 6.7 rain. In some 
expe r imen t s  pH values of the o rde r  of  4.5-4.6 in the tumor  could be obtained. After  injection of glucose with 
T r i s - H C l  buffer  but without Pi solution no i nc rea se  in se l f -ac id i f ica t ion  took place ,  but the addition of Pi to the 
injected mix tu re  caused  a fu r the r  d e c r e a s e  in pH (Fig. 2). This p roves  the dec is ive  ro le  of Pi in the act ivat ion 
of g lycolys is  and the reduct ion in pH of tumor  t i s sue  during glucose adminis t ra t ion .  

The r e s u l t s  sugges t  that  t umor  t i s sue  can respond to the act ion of Pi by act ivat ion of g tycoIys is  not only 
a t  physiological ,  but also a t  low pH values ,  and both in vi t ro  and in vivo. The act ivat ion of glycolysis  of tumor  
t i s sue  by Pi  p robably  c o r r e l a t e s  c lose ly  with its hydrogen ion concentra t ion,  an i nc rea se  of which up to a c e r -  
tain level  potent ia tes  the act ivat ing act ion of Pi on glucose ut i l izat ion by tumor  cel ls .  The use  of  solutions con-  
taining Pi to obtain m a x i m a l  acidif icat ion of tumor  t i s sue  in o r d e r  to opt imize  ce r t a in  schemes  for combined 
t r e a t m e n t  of  t umor s  would appear  to be promis ing .  
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