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>:INTRODUCTION. 

The ability of malignant cells tci brew glucose was discovere4 by Warburg (1), 

.. 'about s~v61ty years ago. His foliower~Cori (2) found ~ui tllat t~o~ cclls feature this . .... ' . . . ·. . . . . ~· - . . . ' ' - '· ,. 

· .... ; ability not only under hypoxia (the known IIPasteur effect") but also-in the presence ·of 
. .• - _"- . . . . \ ... - ·. . . 

\ oxygen. He, called it the "inverse Pasteur eff~ct''., Since glucose fermentation ~ay ca.us'~ ,> 
·, . . . . ' . , . . .. : I 

. · .. self:acidisation of tumor cells, he also came up'with an idea that hyperglycemia can be 
·.-:_·-<:\_-' •' . ' ', ·:.-- .. ',. \.' ,, ' .·' ~- .·, ... .'·· .. -- --,· ~· ,.._ -✓-.:·. , '.' \ 

, , ,; used as an adjuvant in.cancer trea~ent of some kinds. · ., . , ' ' ' · 

, , , In the late 1960~ von Ardenne (3) decided to.implement the idea arid worked out 

. ~·. co~c~t of ,;mul~step therapy" ·fo~·cancer. This concept was fuhher developed in the;' 
"l, . ._. "'i ·.. • • '. , .•. • .,. :: '- !. ' ·. . '.. , . . · .. 

• , -Institute of Oncology and Radiology, Byelorussiari Academy of Sdences (Minsk) (4) . 

. ,_ C>-von Arderine's meiliod \Vas tested on 250~ patients with different malignant ,tumors. In 

's.o~tcas~ a few sessions of th~ hypc:rglycel!li~ andiadiati~ri treatment revealed a . 
notice~ble ~dvantage of the multistep tnerapy. over \,traditional cancer' treatments.' 11t 

· ·· should be mentioned however tliat hyperglycerilia, recommend~d for use.in combi~tio~ 
•• ' ·- ! • ·'_ ' • \, ' • ' \. 

· with other types . of ca~~er therapy,' is an- extreme -mode. In all' cases system 

hyperglyc~ia thred _and more ~o~ lpng w'~s ll'ie~.'. With r~diatiim; 1~~1, or gener~l 

.·. hyperthemiia appHed' simultaneousiy 
1
or ·shortly' aftei-I this' hyp~glycemia' 'is' poorly 

tolerated, and the treatment. r6.ults · ai-e oft~' far from bright-dpect~tions. 111 'this 

indica~ed .. that.· iti~ necessa~ to. study•· cell 'mechanis~s for. h~ergly~i:a, optimize 

.. · •. : ~llnical hyperglycemia,. meth~<h{ to h1ci-ease its, efficiency, and' io. find . 
' ,' ' ': 

· .. individual appl1cation predictions: 

We sta'rted this work about.ten years ago. Experiments were cariidd out with' 

. Ehrlich\:rncites ;tumor cells, ccll{ of, vario~ s~lid i~ors and normal tissues, of· test~ 

animals .. 

,'l 
. MATERIALS AND METHODS 

''' ,Cells of Ehrlich ascitc:s tumor,(EAT) or other solid tumors and normal tissues or·· 
_.: .. ~, ·' ·. ··: ~. ' . '/:'·•· .. ,-,· . >. ,- ,> ,\' 

rats were prepared by mechanical grinding and ferment treatment (for details see (5, 6)). 

' Samples of these suspensions were subj~ed,jn diff~ent c~mbinatio~i. io lYincub;ti~ri •. 

-ro~ differerit"time at 3 7° C; 2) in'~ o:s¾ ~olution rif glucose; 3) incubation at diffct"ent 
'.,' •, . ' I•, ' ~ ~ . '. ' • I • _' ; ~.... ,'_ • • • •• I { .· '., .: ~ , , • ·• 

pH .values produced in ~fferent ways; 4) determination of pH in susp~ons (?f tumor 
' •• ' ;/ ., ' ,. ,' .·,. --~-- ' ·, •• • ' ', J • ,··.·~, ._/ ••• ~- .' 

' (~.::t~~~~~;-~i:~.~~--~-~-.. ~~~~;:~;:~~:~;::···.l 'i b·,,,.,,;,""" .•:'-.'~'"''•;>\ l 
- -: ·~ ·C:r~its~1;1>~:.-:~-;~;:;;jt;~~.n.ttl't~ .. : 

·~, i:--•1,,;,.,r,· .. ··--,-,.•~· , 
, ~"·:.,;_:,_f)'~-2'1~_J 1~;~~~,f •_;~~£:.;. :-.·.\, 
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· and nonnal cells; 5) irradiation with 107Cs (y~rays), · 6) intra vital staining of cells by . 
1
tryp~n bi~efollowed by counting the ~~~ineci cell~,' 7) el;ctron midr'osco~yof cell sampl~, ,/. · 

, 8) determination of cell survival bf ability of the cells to produce tumors;· Methods for.· 

, determination of EAT ~ell survival. and for processing of ~esults ~re described· el,sewh~e . . . : 

I 

•1 • I ' > '. • ., , ,. \\, i ' •• • ' I •,, • ', ' ' ,• \ ,I'. 
/ (7); , ' , , '• I , 

J, 

\. 
il I 

RESULTS AND DISCUSSION 
•.. . . . . ' ' . . . . . ' . , ,. . , . •·.: . ·: ; . : . : ... \ . . . ; 

Com~ined effecr of ,rhe gl~cose load dnd rddiarion . . First of all we investigated the 

, combined effect of the glucose load and radiati~n ori EAT cells: The resul~ of numerous 

~xperimen~ can be surii~ed ~· as. inFig. 1, (see (6)). C~U in~bati~n with gluc~se is :~e~, 
• ,, .. \' ·; , , , I ' . '., ', ' '• :-,· '.: .. !. ·:.; · ·• I ' . ' 

to' enh~nce the radia.tim/ effect/Yet/the . ~fficiency : of combiried 'glucose-radiation 
: , \_ ,: . , I; ,,'' •': t ' :, ! , .. , J •, ' , . ":, I ,,'. .. ' .' . , •': 

treaunent depends on conditions, of EAT cen · oxygenation under glucose loading. Only 
' '; : :' . , .. ·', :' ·:, i ~. 'l : i ,· ' . i·• '., i:· .· i. <' ' , :., _; . \. , ,, \' . . ' _;, , , . 
incubation .under hypoxia, irrespective irradiation• of cell condition'>, showed 'a 

" •. ' • ,-. ·: ,-·,. ' ~ .· . '. ,,. ' , ; ';. ', ~ .• , . '.i ' j ,: .,. ' ' ;' • \ ., ' 

11 

•·considerable increase in'radiation damage; However.the experiments failed to account'. 
. : . . .· : , ; . . : ' ' •, •. . .,, : .. ' .•. ··. ·1 

fo~ :increasing radiation: efficiency under glucose· load. It . is not dear: whether ' 

· ~diosensibili~~tion of EAT .. cell~,o~~ed or the glucose load effect ~n~1tl1e r~diation'. 
·,effectariindependen.t:, .. ·•·: , . ·.,.·... . -' ', , ·. ·. ,., 

' l~°Fig. 2 th~e is.an EAT ~ell survival curve forirradiation.under hypoxia without <· 
. ·, . . .. . . . . .• . . : . ' ' . : . . . .. . . . . . . \· 

glucose. The points, obtained in other experiments; are for irradiation of identical cells : .. , 
·•, . i, ', ' , ·: , :_; ·" ,r , '.. ,' i::• ~.', ,1, , : ·1 , ' • r •• ,··,,.., .·' '. \ ·, ·~• l . : , ' .... r ,:. 

under hypoxia with glucose load. It is :•seen that, ·the glucose load alone, without 
' • ' • • •' ," .' I • ~.• ' ,. •_ ; ' ' ' j- ,' ·, 'j '.• j ,- ,. ' ,, ,'.:. \, ; . ,'. :, •r ,' '• ', '. :, . ' • \' .•,:. .. 
· irradiation, decreases. cell .survival by .two-four orders of magnitude depending on 

duration ot:incu~ation ~ith gl~~os~ but does ~Wt· affect either th'lsiie of.the curve 
I ,.. ,. . , . , \ ·, " •,"- . , . . '.. . - , ,, ., ,· ,, .. \ 
shoulder or the ~e slope. This means that glucose load under hypoxia does 'no! cause 

radiosensibilization of EAT cells but rediJces thcir surv.ival by the same value irrespective. \· ' . . ,, , . . . : , 

or"whether ~r not they are irradiated. ·' · F , 

. The ,rf;<iults' ob~~ined sugg<St~ 
0

irdep~dent, ~f :ad~tiv~ aainagi~g effect of' j ; ( 

radiati~n and_g,lucose lo~d on-~AT cells (6). Ano.tn~:team arri!ed at similarresults and ; . . l 
conclusions usmg another stram oftwnor cells and another survival test method (8). Our " • • 

: . . . ·.· ,. . • .. .' ,. . : : .. i . ... ·• . . . 
data were also confinned in experiments with animals. by the method of morph~metric 

m~asurem~t \ ~f t~cir . dam~g~ ~y; combined : .'u-ea~en~ . . ', : 

hyp~glyc~ia(9) . ' .· ; : . . . · . 

1. 
,.· 

Laws of :u,+.or cell damage under rhe effect of glucose load: Death of tumor cells affected·. 

b; .glucose ~der hypoxic conditions ir~dicates :tllat tins clfect ·is/ ;~ociated; with,/ 

utilization' of gluc~se · and that this utilization obeys the Pasteur law, i.e.: drastic 
, 1 .: ,, ' . -.:. ·.-. '. : ' ~ ,. '. ' ', : • ~ 1 , 

enhancement of glucose fermentation at.a lack of oxygen, In -0ther words, the glucose 

effect is the [tsttlt ofceUenergy exchange changing tiom breathing to fennentau'on at~ 

hick of oxygen; whichk~ds to prC>duction of-lactic acid. Th~ ~ne can assume that.the 

glucose lo~d :ffect will be the str~~g~. tl1e larger the d~gree 6fself-,acidisation, of cell~ is. I 
) ,. ,~ " • I ~ _ ~ f ' 

The correlation between the glucose effect and pH due to aceutnulationof lactic add, is\ 

·.,. ~ confi~eci by thifollowing simple·e~periment;Cdi samples were incubated ~ith gll,!CC>Se 
'-_ :- ;. '.-, ::, / ,,.. ., . ' .<, ' . . . '1 , . ' ·, . ', . ·• '. . . '. .·~·· '\, 

• or in phosphate, buffers of different pH. The observed cell survival variations. are · 
. . ( , . . '· . . . ·.. . . . ' \ 

., displayed in Tablet and Fig:3. A decrease in survival with increasing acidity is seen to 

, ·b~ the same irrespective of the n~ture of the cell acidising agent. The tlmsho;d,pH v~lue, . \ 

belo~;hiclIEATcellsdie,i~S.6(6).,: .. • . · •, 

.•. . ' Mechanisms'j;, death \of· rumor cells. under ilucose load. EAT' cell damage · 
i.. I • (· • ;· . . I :. ; , .• : ·. . . ·. . •' . , ',. .. ·, ,, , 

dynamics under the effect of glucose load \ll8S. determined by counting .cells stained by 
.,~, .... -.~, ,.., . · ... , · .. \~' . :,,,,_.-_ ::,-·:f·' . _,: .. _.,.: ,->/. '··' ' ... :,', 

_trypan blue at diff~ent. time after their _incubation with glucos~ under h)Po~ia. ~nd by 
: ) the elect:roci 1nicro~copy method. . ... , . , · .. · . i 1

. .. . . • .. 
. -··;, ,' ; '· - 1 , . .,... : ', _', : - ,-.- ,' . ' ; . . . < • ' •: • ~-J. \ :: \ . ' ' : 

,frc_ 

" Typical of this dynamics ,is quickly vanishirig viability of thus treated cells: over 
. . . ,· .. , ···. , .. . . . . •,; .. '., : I ·. ·•. . . . , . . . . 

99':/o of them·-<:lie within 24 hours; The type of d~this. early pycnotic degeneration· 
~ ' ~- .,· ' . ,,. ' ' ' 

characteristic oftll~ ni'diation effect only on differentiative cells. This twe.of d~th'i~ not: 
, . . . • '.. >, . -.·_,.•/:, ;. c' ,I: ,, ':,' _; , ' '• / :. ·.\• '., ' ' ' "·•, 

mually, observed after irradiation of tumor cells, whose death normally -results from · 

division, j~tas they uy to ~dergo mitC>sis .. · · ' · . . . • , ·. . / 1 · . 
/. '1 ' • .. , .• 

' , , Electron-microsc~pic investigations revealed that· after ari hoi:u- long glucose 

treat.merit_und~ hypoxi~ cells ~how ~hai:p desuu~ve ~ang~ which indicate i~eversi~I~ 

damage. This kind of damage usually stems, from iricreasing penneability . of/plasm~· 

ma~br~ri~. including those of lysosome;. :This in ll~nr leads .lo damage of :an cellula~ 
~ ' . ,, -_ "'--; '·, . , . '• : . ·: ,,; _" ', . ., • i' ,, ' ·, .. ,' " ·, -: . ·, ' 

· nucleus material (5). It is clearity seen in Fig.4, 5. The damage pattern of glucose-

.:~eated tumor cells m~~ independen~: of the, glucose. and • ra~atio11 dfects '" 

. . und~tandabie/ Quick death and destiu~on of cclls dam'agcd at low pH is due to 
... · ·,.. : . . ·, . . : . . . , --:. . . .. . ' ;. . . . , , . \ .. 

breaking of 1?eir lysosomes ~iµt pn>teolytic enzymes. The rest:of the cdls die of 
\ ·. ' . " 

\: 

i 

·,. 



i 
' ,· 

:chromosome ab~tions after irradiation'. This occurs later, at ~n att~pt to\mderg~ 
•. -'I ',- ' -. - , '· .• ' , ·' , ; • , • 

mitosis .. 
1· 

Comparison ofglycoly!ic acriviry of normal 'tissue, be~ign rum~, and.malignam: . . 
. ·, .... . · .. , . ,. . .· . . . ,. . , . ·,· ..... :1,-'\ 

ruirior cells. The above data arouse. a question! of whether the glycolysis · effect under 
... , • ,, ' .. • ' ••• , ••• • ••.\ • ,·. ·1 

hypoxia is specific to malignant tumpr cells. or. it can be observed in cells of other, . 
! i ,_ - ': . ,•' ', , I - : ;·,·. ' I I ' . ,._ ' ' 

including nonfial, ti;;sues .. 
1

, ,,-: ;• 1 

: .. · T•~. compare anaerobi,c gl~coliis 'properties of n~alignant and ben1gn. tum6r cells 
• • ;', - I '\.• '• ' . ' .' •,; ' I 'I '' ' • .•:,,' . ' • _. ... '' • '• l ~, • •, ,' < •', , • ..:- ·,., , • ! 

as well·as ofnormal:tissue cells,we took them from rats in which tumors of different 

Jhistogene,is:were induced by si~glc 'irradi;tion (I~). A meas~e of gl~c~se ioad ~fficienc;,' 
' ' :• '•• 'L • • I • >, .. ' : ; -, _:, ' l I., , '~ : ; ~ • •. ,' l ' \' ' -, •• • '1'.' \ •• •. ' > t 

was a decrease.in pH'. The remits are given 'in Table 2. It is seen that after the same 
' / : '' •:• :' • , "; ,:_ • .•, ",,. ':;' :,:•• ., \'. ' < ' ' ' J' • • /" < ' •' :~,._, . I ' ,> • '-,, • 

glucose treatment und~ hypoxia a sigi:nficam (i.e. capaple of kiHirig part of the ce)ls). 
• < ; ' '. I ~ ·, ,·. : -. ' ,' ' '· . - ,t . '. ·, ' . , . ' ' - : ' ' ~ '.'. I 

· decrease in pH 1Was 6oserved only in malignant' tumor cells: This .decrease in.pH was . 

:n~ei- ~~eive~'iri samples ~f~~~al tissues ~r~eni~n\timors .. < . , .. .. . . 
1

• J _ • , -. '',, , \ • ' ', : ·, ·, ,' ·;,. ·' 1 ) •. > 1 ·', ': ' • ' ' •, -. ) ' , i. ' ' . '. ' ,, • ' _:, :1 i , •. , ; ~ , 
1 

, 

.'With thi:se data; it is believed that the damaging effec{of the glucose load on 
. • . '.. ,•. . . ' ·, ·, \ • ''' . '4 ! ." :- ' . '' • \ '\ • '. ' > ' . ~ ' ; ' 

tiunor cells 'o~curs under th'ee conditions'. First; th~e must be an incrdased conceritration. 
'. • , ', • ."• ~ ,· \ \" / \ , ( ,/,_ , , I • , • / > , I /(: ', ' • 

of glucose fr1 the, ~II f:!1Virorunenu Secondly, ,cell mustsuffer la,q<: of oxygen; ,Thirdly, 
• • .. ••, ,•, • ·., ,:,•. • • ' ; \,, T > •/.;,' ·.,_; • .'., ,, • }.: • ,'•" • 

. · ·'.cells must have. fernientatiori systems. to provide take-up· of glucose, in. an amount far: 
,·\'I_ '1, 11•,/, •~- \., • • : ~- ', .:. ', • '.·~ ,,,,. ,_' ~-- ,, ,i . ,, F' ",.' ~•/:. ' j : • • 

exceeding their energy needs'. Only°such hypertrophie'ci systems .. of anaerobic glycolysis., 
r j " • ' : _' • , ~ , :, ' , :' ,' • '; . I ' . / .• • /· - . '1 '. • . , _' , ' r ' • • • ' ,"· ,'· i . , '• , f 

may cause lactic.acid overload of cells resulting in their mass death; 
< ' : ' ,:'~: ,•' • ,.: \'' ' ' : • • ' ' l ~ ,· ' '' / < :'. I f - \ i.: ' .. ) . ' c' "'_ ' ~ ' 

. · .. This is what one'observts in malignant tumor cells.The adapclve meaning 'of the_ 
'• '.\_I" •.I ' ', '. I [ • •, :: '';- .. d•:, ':• •,~/, ' : ',, • •. ' (: • i )• ,: !, ' ' •: : \ 

· ·phenomenon is clear. '.Malignant growth is usually, accompanied with increasing 
, ,' ,<' ·, '. ' ~ '' ' ', ' ' • ' ' " ' ' ( ' • • ' ' ' ' ' 

hypoxia in the
1 

t~or. U:nder these fOOdi~on:,' tumor cells ca,n survivf ~nly b,ecausc they, 

.·. are ~pable ?f eagerly taking up glu~o~e fro~ the surrounding tissu6. (11).' As' a result; 
1 \_ •,' ,, ' I ' • ', \ '' • '. '. ( , ' \ ' ' , '. ' '. •' , _ _''. , • '·· ' , •• • ~• • , , .• , • / ( ,, , ' : 

first, the tumor cells meet their energy needs and, secondly,,the surrounding tissue cells die.· 

bdng' ,;deprived:'. of:~ita}'breathing substrat~: Of c~urs/ thi~· f~vours, the in~~ive tumor 
'. ! : ·. ,' - ·1 . ', •• :-. ... • I. . , . " : . · \ • 

_ growth:, On•· the: other hand,: with.· exce;s · glucose• in the envir~nment; this ability . of. 

·malignant t~or c~ls ma)'resultin thdrdeathb~c:m;e ofself~acidisatiori. : ... ' 
\ . '. I ' '.' I '1· ', ·: ' ' .. ' ) ' .. ' t .•' 

.. ··It-is perfectly dear why normal tissue cells .do not have this ability:. (with some 
• ' .\ ' '\, •, , '.- • - : ,, . . • ' ! '~ • • •• f - ' I '• • ; _; ' ; • • , • ; ,_ ' '• 

· excq_Jtions, see (11]). In terms of energy/breathing is an order. of magnitude .more· 

clfective ~an fermentation, which fully m~.the ~eeds of n6mial ~e11tAs to b~~~ 
. ' .- ' " '· .. _ I' ,· .•···'' I 

tumors, it is their. inability to ferment glucose that seems to, prevent than ,from' 
'·' ,. . /."-:, . ,. _,. ., 

,· . 

! 

I ·i . : . 
' '. 

.'1 \. 
\ :.._ 

·:r_,,_. 
',\ 

.• 1 < 

: '.,i~· 
''l 
V 

·, 

maligna~cy. In other words, it is ,ability'to fermentglucose, esp~ally under hypoxia, . . ..... - . ., . , . ' ~ . ' ·; 

that is thought to be one of the most important biochemical differences between two 

1majo~ type; 'of.tumors (i;e. maHgnant and bcnii~ ori~).· .• . . . . . , . . . 

. . · .. All this aHows the following hypothesis to be~formulated. The fundamental 

difference betw·e~ malignant arid benign tumor. cells is the ability to ti~lize glu~ose ~der 
C. • • • \ -, •• • •• • ' • .. • ; • .~ / : \ \. • • ' _f ~ ', • • 

anaerobic conditions. This hypothesis can.be verified by comparing genetic structures of 

both c~I types. Their gen~ r~~nsible for m~lignanC):; are th01.i~ht tobe identical. As to. 
. . . I . , . , . .· . . .. . ' , .· . ' .. ·. ' . . . 

epigenome systems, responsible for fermeritatiori, they must be different. Naturally; 
' ; •• -- ·: ,· ' ' ,' • • • ' \ •• ' " --· ,/ ; : ... ; .\ \ • ·.-··: - :· ' f • 

malignant and,benign tumor cells of the same histogenesis must be 'compared. As far as 

~e,blow( nobody_h~s carrted:out investigatio~ iike this as yet. ' . " . ' ' ,' 

. , . Some ~p;lic~iio/2 aspects: The r~l~tiori established b~tw;en the let.11~1 dfect of·; , 
·.- ' ·. \ ,'. _,_ ·, . . .· , -. ·.- .' . ;_ '.. ..'·. .'• ·., - '. ,· . ·. ' :,·. _,.,. 

glucose _load 'on tum qr cells and their anaero~i~ glycolysis property, . elucidation · of 

mecharJi~ins f~r>thi.s phenomeno~ allo~ some· co~clusions of"importance for ·~ing 
artificial hyperglycemiain ~ncer'therapy. ' ., . ·.• ·. 

: First; artificial hypergly~emia can be used in ti-aditionaltypes of treatment for it 
_ ,,-.,. _ ,' • '- 1 • . : • . 1'-._ -i· , •. < _; , (_ •• - : : ·,·,-.:, _·:. :· ,•.'., :'-' ,: -:- ,; : ,,' ·' 

. tends to !'knock out,,, hypoxic P?Oi cells: As is known, these cells aremore resistant to . 

radiatiii~ and chemical agent/a~d· are oft"ro r~~iisible· ~o; turiior· ~ec6ren~ .'aft~' . 
,': ·:_,t_, . . ·(,· .· ·'·~·· ·\, \ :,';, __ ,___:·:-1 .. ·,··;_:·, _" ·.1 ·'.\,·-Y, · ,, 

radiotherapy. or. chemotherapy course . .The remaining oxygenated tumor cells, which · 
• , . ":· ' • '1 . -'; ' , ,-~ • ' .• ' - _; • :, ~ . .'; ,_ ' 

show f~r· less 'distinct, decre~e in~ pH and are: not . damag~d undei artificial 

,hyperglyc~ia, ~n be<'finished-otr' byradiation a~d ~hemical a~ents ... : < 
. . Secondly. fr~lD the, aforesaid 'one 61n inf~· that. the .···iuri~~ effect· ~f artificial 

'_1 • ', • • - • • • ' ' ... ,'. '. ' - ' ' ' • ' ' • ~· • - ' , : 

... hyperglycemia. must be muclt higher i~ tr~tmeni oflarge, often nonresectable ,tumors . .lt 
is ofpaiti,cular imp:ortance fordinical practice. . . . ' . . ' 

, Thirdly,' artificial hyp
1

erglycemia combined wi!h · l_ocal , cir~~r: hyp.oxia · is\. 
' ' I. •. . I • • • r 'f ' . \ ; 

· c ~cliev_ed to enhance .the glucose. load effect owing to both more intense glycolysis · and . 
. . . \ ~' . . '·. \-' . , 

. , violated m~crocirculatiori of the tumor together with slo~ed-down outflow cir lactic, acid., . 

' Vi~lati~nof blood ci~culation irithe tumor is considered particularly i~oita~t in ~ricer . 

ti-eatment (12: i3). · . . 

· -Fourthly, the relationship· between a. decrea~~ in pH under. glucose load and its 

· effectiven~ 0 indicatcs that, one 'shotdd continuously ·ionitor intratumo~ p~ ~ng 
, . ~ '.. ' : ' " ' , • ,' .• - - ' : • ' • \-, i - \ . -· ~·. . 

artificial hyperglycemia sessions. In other words, a decrease in pH inthi: tlllilor should·: 
, •. '.· . l • ' ' ,' .-; . ,-' ' ' · ·. · , , _: .- -~ .. __ :---· .. ~· ~ I, , ,"-: ': . · · -, .' r. • • ·•-'I· -

,· ,:._-:-· 
·1 .. 

5 



,/ :i 

. be ~ed ;s 'an .indicator of.i~divid~al tumor seiikitivity to ·~· g~Je1feffect. 1'~or pH 
' ' ,,, .. · '. '.··, .. i ' .·· ' . • ·... .· ' 

monitoring can' also' be used to d~ermine' the . effective. duration ?f .artifidal 

hyp~glycemia. As sh~wn ~b~ve, a d~crease i~ pH ~elow 'tlie threshold withi~ an hour i,s ,' 
/ . ' ' ' . . ' ' ' 

enough to ensure mass , death of tumor • cells. · Therefore the duration of. artificial 

hyp~gly~ia cari be substa~tially,~educed for tumors ,~ith quite high ~lycolytic activity 

~ co~p~r~d With ilie pr~~~-day tractice (infusionfor ~ot less than three hours): :. ·, 
.• . . ,, ' ' ' ' .1 ·\ ' ' ' • ,. 

' , '. All the above ~oncq>ts µiat we W~t,-ked out on the basis ofin vitro.investigations : 
' ' .· ' 1. ' ' . . ' ,' . ' 

. wer~ fully ionfirmed by the ri,;'earch in the Belarus I~titute of Oncology and Radiology 
': • < \• ',, • ': ,. ·'. ' ' ' !.!_. .' '. ,, ,,: ' ' > \ ·,11· ' .' ' ,. ,' ", ' •, ' ' I :- ,' ' ' 

.i ·• . with several strains oftransplantated rat tumors (14, 15) ahd with a.limited number.of, 
'.I ' •,, I '1 ~ ' • , , I •-::: ,• ,•/, ,: ':, \ ;_ : •: 1; , ••1_:,.-, _',, •:'<' ;, ,\j-. :•.: 

patients (16); Morphologfcal investigations proved that artificial hyperglycemia causes, · 
• . l '. • • • .' '·, . ' .'- .• ( J I, 1, , , ': j "/ \ , " : · ': , ! '; ·~, 

' selectivdnterphase d~th of ceil in hypoxic areas of the tumor (9); Effectiven~s · ~f 
i. I. ' ,/ '/ ,.• : . ,'. .:."/· ' .. (( 1 

.• •"•, "' •, ',': ,' 

.:artificial hyperglycemia• increased with tumor gro\Vth (14). The degree to which pH 

reduced tumors :or ~a~mts. was. show11to correlate with tlle curing': effect 'of artificial 

. hypergly~i~ foUow~d up f~r a m~nth c'i 6). It was also. pr~ved that pH in the t~or 
,-~!,' (,,,-'· f ,.-. J , .{ _·: ,' '. ',, ,: , .! , . • : . ,,•·' ~ _·< >-.. ', ~' :. • ;/ ·/,, ', ... ·1. ,' •'(> \ 
tissue can be further decreased by local circular hypoxia (by applymg a,tourruquet to the 

. ' . ; : ,: ' ' - ·, '' ' - , -:.- ''' ~ , . , ' ' > ' ) ' ," ' \ \ i '' - ': .' 
, thigh), which increased. the antituinour effectiveness . of patients' irradiation, by· .over 3~ 
fold (16). :, .• . i·, . . . , . .. . . ' . . .. , , , , . ·. . 

,, ., 
Thus,' p~sitivcly treating . the clinical . results of using hyp~glycerilia in 

> ' ·, .. ~·-., ,' ::._··,;. >: ,-.-,,,_, :':·-':'.'.· .~,-·,. ·: ·"/· '/·_·.·,;,..,._· .... /' ·, ' ' 
· combination with .irradiation or hyperthermia (4, .16-20), one can 'also state that the. 

currently employed ~o~e' ~f artificial· hyp~glycerrii~ i~ not ~~ ~tim~ , ana' cim be 

substantially impl'.OVCd by,following the· above, recommendatio~;'The 'extr~e effect' of 
,,, .•I '. ' '• .. ', ' '•: ' , • .' ./'•, ':'· .ti '_ ,', , 

p~olonged ~temifartificial hyperglycemia on a patient ciJnals~· be reduced •by 

ch~nging it for regi~nal 'one ~hen possible; . . 

: : The' only' example of using· region~l. intni-arteriai: artificial hyperglycemia is 

d~cribed i~ (21 ), wher~ it' ~as included in combined trea~ent oflo~~lly extended cancer .. \ 
' • • • ' ' '< i,• <' • \ •• c¼. ,< • • < s' • 

of,or!il. cavity and nasopharynx·mucosa. Combination ,of_irradi.ation and regional, 
,. . . . . . . . . . . . ·1 • , 1. . . . 

hyperglycemia was found to halve the number of relapses and to'.increase the number of . 
• ·, • ::: ,, ' '.- :--'; ' .( -: • \' 1=· ," ; ., • , ' • .,, 

cured patients by almost two-fold as compared with gamma-ray teletherapy alone. • 
' . . ' ', '' ,' \ . ' 

. : Of particular interest is the only 'case we kriow of treating a cancer patien(witll 

· artificialhypa-glycemia alone .. Acco;di~g t6 Prof! A.F.Tsyb', <lirect~r.~fthel~tit~~e'~~-

: Medical Radiology; Russian Acad~y of MediClllSciences; i~ the clinic of this imtitute ·., ·, . . . . ' ' . 'i : ·,. '.. ., : . . : " ',,' 

'· 

l.:. 

I, 

1.: ~ ·:~ . ·r 

, .. 
!s 1' 

" 
· J 

,· , ,· 

. they also used regional hyperglyc~ia alone, withoui:·irradiation, to treat a patient with 
• • • • .• , I ' 

. ll-, nonresectabk tongue tun1~r. After a period of 'treatment, the tumor got soon 

ino~ated without signs of intoxication, and no relaps:was observed .. 
' • ' - • '' ' • • • ' • ~ ; : 

· CONCLUSIO~ 

We have iriv~tigated a phenomena~ of glucose fermentauon by tumor 'ce11s, 

discov~~d ~y Warburg., It was ~onfirmed that the p~eno~en~~ ~b~ys ,the P~steur law , 

(i.e. ckasti~ enhancemait ~iglu~~se fermentati~n under hypo~ic conditions)a'nd sJ:town . 

that it is on!~ t~ical. of malig~ant. ~umor 'cells an~ is ~ot obs<ried in cell~. of benign 

. ~~ors· anl no~al tissues. 'A ~henomeno.n ofr~~t d~mage -arid d~th of tum.or cell~ 
, j ~ ~ , ' ~ I \ --.. f • , 

UJ1der hyperglycemia a~d hypoxi~. \as' a.lso if!vestigated. Th~ main: !a~s 'and 

mechanisms for antittimour effect of glucose load arising from self-acidisation of tturior 

' cell~. by, gly~oly~is P:<>du~ wer~ ~pl;rei A 'new 
1

cliriical applica~o~ of. artificial 
' ; ·- ', ' _. . ·' .... ' ·,·' ,, • j . .·,;_, ,•, . 

hyperglycemia was proposed for malignant tumor treatment. · 

' . ' ' . . ; -T~e' phenomenon ~an be further'. iriv~tiiated in terms of/ fuAd~mental' 
' -- '' -. . . 

appliedknowledge. . ; .... 
• · • · · ·• I •• · . • · · . · , , • • .1 

Fundamental aspects of the antitumour effect of glucose load are directly rclated 
'\

1
• , _' ... ' '. :, :·:~·:·, ' ":_'. ·.• _· ... ·, \-~~ •• '-·'·~. ·,. ·i ~ ./, ·, -:·.,;: 

to theprobletri of distinguishing between.benign and m.alignanttuinors.·We put forward 
,, ' ' ·-. .-.. , ' '. ', ,·· \ ', ' ' '.-. ·~ .. - •• ,., ~\. • , • .' '. ,, --I- '. • : ( • •• ~ '. 

, a hypothtsis. that tumors of· both' types · contain identical geries ·• responsible for 
~- , ,: ' , ,• ,' ,', , , '·: ·:. ) \, ', \'. \ . _ _. j ·.: ; /' !: I , : , . . ' : ", :., 

uncontrolled multiplication of cells. Besides, malignant tumor cells ha ire hypertrophied 
-'.. . ,,.- . . . . ,.- :. ; - \ ~ '•: ' . . ,.., ,: ,' ' ·'. '. , -., ' . ,., 

'systems Clf anaerobic glycolysis; whicl11riakes them malignant in the end. The available 

. rn'ethods of m~lecular,biology and gene engineeri~g allow ~peri~~tal verification of 
' , . -- . - . . . 

this assumption. 
'., , .·. , I 

-:1 

'i 
' < Applied aspects are'related to the use of artificial hyperglycemia for treat.malt of'\',. 

···1 ' .·' . . . .- ' :. . ' ' ·.• ' .... •, :. '. ' ,, .. ' i • • . . \ 

' ~' malignanttumora: This "method can be_ first of all applied to large nonrcsectable tumors ' 

·'1-

•✓ l 

·j·I,. 
'ii, J/' :··-. 
II I· ' . 
j1 L.·. 
I{, 

- ' ' ' ' - _·'. ,_' . " - ,' ·- . , ' . ' ' :,. '. , '' . ' .· / :-. - ~ ''' ' - ' . '. 
'admitting of regional hyperglycemia and local hypoxia with simultaneous monitoring of 

~umhr pH variation. . :... ( ' I 
' . ' .\ 

j_· 

'\ ·\ 

i, 
.J 

,I 

7 

:, 



I • 

:,! . 
·, 

/' 

Tabk I. The influence of medium pH on the vi~bility of EAT.cells measured in vivo 

; 1 pH·,· Medium 

\'.> 

4.5 

'.glucose 
,1oad 

buffer.· 

, Oxigen' 1 

. ,; conditions 

. ·.Nz • ,, 

• a.Cell siliviJal is related to stan 

bAverage values calculated frorri av~ge 
•- . ' ' ·, ... 

'' , . ; 

Cell survival 
(fractiont 

'_2.9 

1.9_ 
. ;,6.8; 
'J.9. 
its 

I 

Average 
· .value for. 
given"pHb 

I.' 'r' 
2.9 

'2,6, 
/, 

I . " 
. '0.017 

. 0.0021 

,' ,0.0008 · 

,I 

/ 

f 
'J 'j 

\)' ,, 

'/ 

I 

.. Table, L E1fT cells :~ere treat~d by 0.\ M.phosphate\u&er in ~~~ at different P.H ···•· ·:' j 
under the: condition ~f well 1oxyg'~ation 'or in' anoxia ~nd by glucose load at pH ,: : : . . 

' ·'.-' ·>. J ·., .'. .': '_.\ ·- ."· ' '.' ', \' ' ' ,,·,:.,. • ·,'_,. • , ' ; ,. ' <1. ,' ,, 
• .. 1 5.6 in the presence of oxygen or at pH 5.0 in hypoxia"(these values are usually 

l , ,,. ,. , . ,. - •. ;., !· •• , J , ;· .· . , , . , - , , , ;/1. , ,- ,, , , , ; :\·, ;. " ··>: , '", . ·,' .'. 
• achieved bY. glycolisis).The influ~ce of p:B 'on cell's survival was indep~dent on•, 

. · oxy~en t~ion a~d on the w~y by which ~H wasachived_.. , . , . , 

• i 
•, I 

/ 

8·..; \ .. 

'·1, 

·, 

\ 

.. ,· . · .. ' ., . ' . . ,' . . ' . ,' ,· : ' •· ' ' •• ' ,' ' .. • .i 
Table 2'. Results ofdetennining glycolytic activity ofnonnal tissue, benign and malignant -. ,' ,• . ., . ' ' . . ,, 

' ' . 

. tumor samples _taken from rats -
t , r 

' ,,, No 
.Tissue 

Lung 

Kidney· 
,:.: '-

Spleeri I 
'~-, 

\ . :. ' 

, Marrow 1 

,Mammary . 
. ·. fgla~d 

'Thym~ 

Sample 

'I 
·') , .. 
'.t 
2 
, I 

I 
2 
3 
4, 
5· 

. ,' ,-6 : 
'. - 7. 

,,s··. 
9 

· · pH of suspension 
Original· After incubation 

with .s,lucose 
N oimal tissues 
7.00i. 
7.05 
,1.30, 

', ',,7JQ 
· 6.75 

6.80 .. 
6.55 

6.60' • · 
i.o5· 

. 6.95, 
, 7.10 

6.45 
6.45 
625 

BeniE,n tumors 
. 7.40 . 

·; 

1:00 
6.60 
7.00 
6JO 
6.60 ;, 

. I~~'-.,,_ 
. . I 

. 7 .oo J · 
. 6.70 ,· 
.,7,10 

;, 7'.05 
> 7.3 

6.90 
L 

6)0 
6.80 
7.00, ,, 
6.~5, 
6.40· 
6.05 
6.90' 

, '6.50,, 
6,90. I 

· · 6.85 ·,·· 

7.00 
1 

, .. I 
· 6.70, 
'6.60 
6,05 

., 
, , . ,,· 6.70 

1-: 1 5.95 
.( > 6.10 

'5.90 
5.00, 

14.65 .. 
6.00 
5j5 

· 6.00 ,!, 
5.95·. 

Difference 

'0.40 
0.00 

.,0.35: 
020 
0.30. 
0.35 

·0.30 

0.40·' 
·0.30 · 
0.30 . 
0.30, 
();10 
0.10 
0.35 

.0.70 
0.85 > 

0.00 
.0.85 
0.90: 
0.55 
l.40 
1.40 

· Q.90 
0.75" 

. 0.90 
•' 0.90 

,.'./" 1 
)· 

,i 

~-

i 
:'• 

·•• ,T;bl~ Z: The ccll suspenmons' (2· 10,~ cclls/ml in medium 'with, 1 mM Hepes a~d, 0.8% 

'\ ,~ giucos~) from ~onna( bening a_nd ~alignant 'tisstiis were in~b~~ ~~er the ' 
• • . : ' .' , • '., •. '_ ', \ . \' '· r . ..... .." \ • ·, ,". • ·: I. , r ' \'. 

' 'anoxia during I hour'. The difference between original and incubated with glucose 
, ·: . l.. - . . . -, ;.·.. . ,. ·; .. , .'. ··,, .· , ·, . . .· i,' \ -· . ; :··· , 

pH ~as registered. · 
' ') 
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'Fir i. The dependence of TCDso(Gy) on 'the conditi~ris ~f irradiation and treatment of . 

i EAT cellsby gh1cos~: the treatm'erit by glucose in oxygen \a)ari<t in' anoxia:(b:c), 

. irradiation fo oxyg~ (a,b) and in a11oxia (~).:Shaded and opellareiis corre,pornhd '.. 

.. irr3:diation only and irradiati~n with glucoseloa~, r~e~vcly.\ Nine ~~eri~~ts: 

Tch'is the radiation dose (Gy) of turn~r cell~1to'reduce tumor 'inoculability from 
\ - I • • ;: ' ✓ I··· ' ' 

•\ 

:: . . 
I 003/o· to· 503/o. 

/. :· · .. '. ' . - ' \'- ' .' ~ . ' . - , ' 

Treatment of EAT cells in vitro in medium containing o.8% glucose. Viability ,was· 

tasted in ;ivo by\bility of.cells to•pr~du~ ~~ors. Ana~ia' ;as achieved by: 
' • ' .·. . '.' - " ' ' ' ' 1_ ' ~, . 

metabolic ~ettiod. . . 
,,! ,.I 
\. 

l 

·:1 

.0 

.10 
··.\ 

... 

i 

r· 

i. 

: .. 
/ '· . , 

. 16i 

.I 
-· i. 

,:I. 
i ' 

I\ H 

·..--

-\ 

.. 
; I' 
l 3 

\ 10 i .. / . 20 

·· Dose (Gy) 

Fig. 2. Survival curve of. EAT cells after irradi;ti~~ in• anoxia as co~pared 

·1·' 

'. ';' .\' 1·, .' . '< ' - ,;·' . ) .' '. ' '. . ' ,·--~ ,, '; ,.• : , .. ' " ' ·,, . ' ·:· 

experimental points takeri from in vivo tested ,viability of EAT: cells: after 

irradi~tioJ by a:dos~.of20'Gy: (I) ·and afte/cornbined ;eatmeni iy i~diau~~ and . 
.. ' ' , ' ' .,, ·' : ' .. ' ~ . : ,' • I ,_ ' ' ; I • . ' • ' ' • 

glucose for.15 (2) o.r 60 (3) minutes. 

', Surviv'al curve EAT cells ;fter iriadi~ti~n ina11axia tested i~ vit;o .. Experirndital · 
,

1 
•• ,\ • ., •' • . .' ''.I'~- , • ',, ,:. '::•,, ,•:•, : •, c <,' "\ > ,' ,:; ; ', • ', < ., '• .'.'• :.,. • "::,:," •/•< > ,i,, ; < ,•• ,' '. I ',,' 

'· 

poits .· .treatment of EAT cells perfom1ed in vitro• in medium containing .0:8% 

glucose;' ~i~bility te.led in vi~o b; ability of ~ells ~6 prndu~ ll~~rs. · .·· ·,. .. . 
. ,: ', , • . , \o I ; . • .. ,. > , . . \'. J. .'. , ·., '. . , 

> ' 
.:0°jL~--,f ·- ' 
i161

• i l\l .. 
, I . ;\ 

. I I ' I . ' 

' \1·: · 
. I 

-'6: 

I 
I 
\ 
I 
I 

.1· 

' ... 
pH 

', Fig. 3.'The depend~ce of EAT cell stirviv~I aft~ indibatio~at vario~ pH·o~ the value 
. , , '- •, ,-..· . . :.\ • : .,· ··,( .. >.·. . f · \r ,_,, • .. - :; ,., ' ,, ', . , , 1. :·:,_ , ' 1-' , ,· ; '.,'~ 

· of pH .. The .rurv~ has a threshold at pH 5.5 (see table I) .. 
• I ,,, • '. •' \ ',.,/. '. , ),i 

'11. 
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