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Ph.D. Biochemistry 

GYAN CHANDRA SHRIVASTAVA 

Glucose-Amino Acid Metabolism in Tumour Tissues 

Abstract 

Tumour tissues in vitro show an incorporation of 

glucose carbon into glycine, alanine, glutamate and aspartate. 

The incorporation into glutamate and aspartate is lower than 

that observed in normal rat brain cortex slices or chick 

embryo. This may be due to a lower rate of operation of the 

citric acid cycle compared with that of glycolysis in tumeurs. 

When normal rat brain cortex slices are incubated 

with tumour tissues in vitro, in a medium containing 5 mM 
14 

glucose-U-C , there is a decrease in the amount of glutamine 

found in the brain cortex slices, with a concomitant increase 

ln the incorporation of glucose carbon into glutamate, 

aspartate and alanine of the tumour tissues. It ls shown that 

glutamine will leak out of brain slices when there ls a lack 

of glucose. This is supsequently utilized by the tumour tissue. 

Dialysate obta1ned from Ehrlich ascites cells also decreases 

the formation of glutamine by brain cortex slices ln vitro. 

This may be due to soma factor ln the dlalysate which can 

stimulate the activlty of glutaminase. 

Formate, pyruvate and cysteine increase the oxidation 
14 14 

of glucose-l-e to C o2 by Ehrlich ascites cells. These 

effects may be due to a stimulation of TPNH oxldation. 



Ii~TROIX'CTI on 

Despi te [rcat advances in our lmmrledge about 

the mctabolism of tumours and about the .r.ature of r:;any 

carcinogenic factors, the fur.damental nature of the neo-

plastic proces s rcrr:ains W1kno"vm. HO\·Tevcr, the biochemical 

ap Jro a ch to b:rr:our meta bali sm se ems to be the most pro mi si ng 

approacl'. for U.t1derstand -c and elucidatinr: the neoplastic 

pro cess, pnrticulnrly in vim·T of the hish p;lycolytic rate 

observed in tumours, 1-rl.ich so f2r, hus beer:. found to be the 

r:ost stril~ir.g biochemical propcrty of tumour tissues. 

(uali ta ti v el:· no SIJecial meta bali sm of tumours has be en 

observed; the biocherdcal differeGces are mainly of a 

quantitative nature especially \-lith rcferer.ce ta the role 

of glycolysis in tumour rnetabolism. 

Carbohydrates have been lmo1•Jn for a long tiœ to 

play an ir:.portant role in the rr:etabolisn: of nicroorganisms 

ruid animal tissues, but it has occupied a place of greater 

irr:portance in the field of cancer rese.:;.rch si;,ce, Warburg' s 

discovery (1923, 1924, 1936) that tumour tissues exhibit a 

highcr ra te of aerobic ar,d anaerobie glycolysis than do 

normal tissuec. Sir.ce ther, extensive vJOrk has been done 

on the role of carbohydrates in the synthesis of complex 

molecules, viz. prote~:s, nucleic acids, etc. Evidence 

has been compiled to sho'\v that neoplastic tissues like 

norrml tissues, syntLes ise cornplcx molecules from cnrbo

hydrates, as c'escribed in t!-.e patl~"~:lay in pj_r;ure 1. 
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ROLE OF GLYCOLYSIS n: Tl!l'C7~R TISSUES 

Tumour Glycolysis in vivo 

Cori and Cori (1925'a, b) 1.·1ere the first to compare 

the differences in the levels of lactate ru1d Glucose of blood 

from normal vcir.:.s to th at from veir:s drain:in g tune ur le si ons 

of a Rouse chicken sarcorna. They r eported tha t t:r.e blood in 

the tumour-drainint; vein had 23 mg% less r,lt:.cose nnd 16.2 mg% 

more lact~J.te than that found in venous blooc~ élrainin? ether 

tissues. Simil[lr re sul ts vrere obtained from other tumour-

bearir.c: anin:al s. Subseq':en tly_, \'Jar burg, ~~Vind and r egelein 

( 1926) cor.;pnrc6 arterio-veno'lS diffcrer:ces of blood elu co se 

and blood lactate for the Jensen rat sarcoma \vith the jUG'llar 

renal, ile al and portal are as of the same anirr.al and from 

tlüs calcula ted the ra te of glycolys is. Their results in-

dicated tb:'.t the t',11:1our glycolyzed 7% of its dry vleight, of 

glucose per hour nt a blood glucose levcl of 0.2% (200 mg%). 

As regards the production of lactate, they found that normal 

tissues lovrered the rùood lactate level during i ts passage 

throur,h tl:et' while the sarcoma raised the blood lf'ctate 
1 

lcvcl from 30 to 76 mg%. It has been sh0\'.711 thnt u~e T;resence 

of iL trw)Cri toneul iepla!~ts of :;ovikoff hepa toma or ;,.Jal ker 256 

carcinosarcoma reduced the blood clue ose level of rats vli th 

all axaE dia be tes ( Gorenson and Tilser 195'5'). 

The high rate of gl:'colysis of tl:e t~Jmot~r cells in 

vivo \.'as further den:o!:strated by t:r..e studies of Vj_ctor and 
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Potter (1938) 'l;lho used mice bearing Line I lymphatic 

leul;;:e:n:ia. They observed that in the se aninal s the blooc? 

glucose lev el fell to a value one third of norma 1 durir:g 

the course of ether anesthesia. Fore rece:: t studie s of 

Ker~p and l'lc;~del (1957), on the rapid rate of diffusion of 

glucose into the asci tic fhüd and of lactate fr on: the 

as ci tic fluid into the blood strearn_, in. the mou se bearing 

Ehrlich ascites carcinoma, have shown that 14 mg. gl1;cose 

could diffuse into and 13 mg. lactate, out of 5 ml. of 

ascitic fluid in one hour. This once again demon strated 

tte high rate of ctic acid productio: by tul"lonrs ir. vivo. 

The above data indicates that in tumm1rs co.r:siderable pnrt 

of the energy rnttS t be olltained through gl~·colysis, and tta t, 

unli1Œ norrr.al tissues, neoplastic tissues could survive on 

tt.e encrr,y su;;plied by glycolysis. 

;,r easurerr.er. ts of cha'1ges in pH of tissues has led 

investigators to the concJusion tl~.at Ltmo,~r tissues have a 

higher rate of h:.ctic acid nrocluction than do normal tiss'Jes. 

Voectlin, l:ahler ar.d Fitch (1935) have reported that the 

resti.nr, pH of sevcral animal carcinomas and sarcomas, in

clu.ding Jensen rat sarcorr:a and Flexner-Jobling carcinoma, was 

about 7. 0 h.~t i t decreased follotüng injectior.s of glucose, 

mannose, fructose, xyJ.ose or maltose, althoueh unaffected 

by e;alactose or lactose. Other viorkers (Kahler ar::d 

Robertson 19L:-3) have sho\m that whereas tr:e normal restir:g 
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pH of r;:;.t li ver is 7 .1+ and is not changed on the injection 

of glucose, tte rat hepatoma has a restint, pH of 7.0 which 

drops to 6.4 follovling glucose administration. Eden, Haines 

and Kahler (19~5) by using multiple electrode systems, which 

allovred therr: to rr~easure pH changes in a number of areas 

simultaneously, coLfirmed earlior rcsults tr..at the pH of 

tummJ.r tisst:e drops to aro1~nd 6.5 on admir:istration of 

glucose \·lheroas,in the normal tissues there is no drop in 

tLe pE. 

~ur Glycolysis in vitro 

As in many other fields of bio chelT'i stry, the ear ly 

\.rork on tumour glycolysis in ~ was follOl..Jed by vmrk on 

more ;îurified sys tet.~s, such as tissue extracts ru1d homogena tes. 

En.rly ,,mrk in this field had shown tha t tumo:.:.r tissues were 

unable to 1;tilize phosphorylated hexoses at rates comparable 

to that of gluee se utilization a her:ce they came to the 

conclus ion th ::tt rlycolysis in tumou rs Has of a non-

phosphoryla tiq: type. (Tzusuki 1936, Matsuzuki 1933J and 

Harrison and Fellanby 1930). Ifm,.rever, Boyland and Boyland 

(1938) were able to shovr rapid glycolysis of r.hosphorylated 

inter:nediatüs by tur.1o~~r extracts obtair.ed from Croc~:er 180 

rnouse sarcoma, :;rovir1 ed ATP and DPN vrere present. The 

controversy reg.?.rdir:~ the type of glycolysis in tumour 

tissues was fir.ally resolved by Le Page (1948a, b, c, d) 

vlho isolatcd Glv.cose-1-phosphate, ;::lucose-6-:;hosphate, 
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fructose-6-phosphate, hexose diphos;-1lute, phosphoglyceric 

acid, ATP, ADP, etc. îrorr: }!rimr.J'y mouse carcinoma, rat 

li ver carcinor-:a, 1;Jalker 25'6 carcinosarcoma, etc. The 

levels of these ':·hos:1horylated derivat:hrES were comparable 

to the 1 eveJ s fm:. nd i11 normal tissues, such as brain, 

r:mscle, li ver_, ldc~_ney and heart. In the sar~e year Le Page 

anëi Schneider (191.~8) reported that the soluble fraction of 

the Fle):ner-Joblinp, carcinorr.a ( s2 ) was the only frac ti on 

'\vhich pos sessed any g1ycolytic ac ti vi ty liy i tsel f, al tho'..:eh 

i ts ac ti vi ty 1Jas ereatly enhanced by the addition of nue lei, 

microsoncs or n:itochondria. A sirr.ilar localizatior:. of the 

r,lycolytic systerr: \·ras re;Jorted by these '\·rorkers for rahbi t 

li ver, nnd c onfirr1ed by Kennedy and Lehnine:er ( 1949), la ter 

for rat 1ivcr. Le ?ar:e compared the factors affecting the 

rate of clycolysis in tumo·:.rs aGd normal tissues; he (195'0) 

reported th~'"t horGOfer..a tes of Flexner-Joblinc c rœc in orna, 

Hnl:œr 25'6 carcir.osarcon:n, Jensen sarcoma, heart, lüdney, 

brain etc. displayod rapid lactate formation from hexose 

diphospl1n te; he further re'Jor ted that both normal and 

neoplas tic tis sucs could u tilize glu cos e-6-phos"?hate and 

fructosc-6-illlo:: pl:a te., "..rh er cas only li ver and tmno,_~rs could 

utilize ~lucose. He concluded that there was a blocking 

of hexokir~éiSC in li ver, kidney, diaphragm a.11d skeletal 

muscle in vitro. Other ir.vestigators (Woods et al. 195'3, 

195'5, 1959, 1960~ proposed tha.t the initial phosphorylntion 
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of gl·c.~cose \·ras of critical importance \rith r to the 

hish rate of clycolysis in tumours, a!1d that this initial 

hit;h r<::.te of r,l:1cose :;hosphorylation \·ras due to a èecreased 

inrd bi ti on of rd to ch on dr ial hexolünc.se 1Jy an ti-instüin hormones. 

The localization of hexokinase in tLe rni tocho'1C:ria of 

El:rlicl: a sei tes cells vras obsorved by Ac s, Garzo, Grosz, 

ltolnar, Stephancclc and Straub (1955). More recently Hu 

and Rackor (1959) have reported that in bath Ehrlich ascites 

ce11s ar:.d brain the hexokinase \{as 1ocatec' in the particulate 

fraction, althoush a11 the other c1yco1ytic enzymes were 

present in tt.e solli.b1e cytop1asmic fraction. Yushok (1959) 

made a detaileél s t·:dy of the substrate s:;ccifici ty of the 

hexol;:inase of Kre bs-2 as ci tes c el1s and of brain and reported 

a great rescmblar:ce between the t'vlO. La ter HcCorr.b and Yushok 

(1959) iso1ated hexokinase from Krebs-2 ascites carcinoma ce11s 

and determir.ed Michaelis cor!stants for 11 sugars as well as 

the maximun rate of phosphorylation of these cornpounds and 

on cor:;pnrinr; i t vii th the hexokinase from l1rair:, fon nd that 

there was no significant difference between the b·ro en.zymes. 

Thus from tle above discussion i t could be conc1uded 

that, altho:gh turr:our tissues shm.; a hip;her rate of aerobic 

and anaerobie glyco1ysis as compnred to normal tissues, there 

seen:s tc 'be no si,r_:nificant difference in ei tl~er the leve1 of 

the various zlyco1ytic enzynes or thcir localization in the 

cell. 
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Effect of Tumeurs on Glycolytic En;yrnes in Blood 

Levels of enzymes in the hlood have been used as 

indices of many vuried nathological conditions. Sorne 'WOrk 

has been done on the effect of cancerous growth in the 

animal U!10n the level of glycolytic enzymes wi th diagnostic 

intentions. 

AJ.dolase 

Of all the glycolytic enzymes,serum aldolase levels 

have been extensively studied in rr:any clinical disorders, and 

to a lesser extent in neoplastic diseases. Warburg and Christian 

(1942) were the first workers to report an elevation of this 

enzym" in anirnaJ.s ,.,rith Jensen sarcoma. Later studies of 

Sibley and Lehnineer (1949a, b) and Baker and Govan (1953) 

hr,ve demonstrri.tPd increased levels of serum aldolase in 

patients sufferin~ from neonlastic diseases. 

Phosphohexoisomerase 

Althnugh increased levels of blood phosphohexoisomerase 

i-rere reported in tumnur-bearin.a animais by Warburp; and 

Christü~n in 191+2 this enzyme bas not attracted much attention. 

In 1956 Bodansky and Scholler reported an increase in the level 

of this enzyme durinp; the growth of Walker 256 carcinosarcoma 

in rats. Israels and Delury (1956) have also round an 

incrense in the level of serum phosphohexoisomerase in 

patients suffering fro!':' chronic myeloctic leukemia althoue;h 
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the sa.rr:e could not be demo!1S trn ted in the case of chronic 

lyr.phatic leukemia. 

Lactic Dchydrorenase 

Hill ar:d Levi ( 19 ?+) repor ted an eleva ti C!n in the 

levels of serUJr. lactic deLydror;er:ase during neoplastic 

diseases and pregnancy. l:<.:levnti.on of serum 1actic 

dehydrorrenase., folJovi::e imiJlantatior: of tumeurs in mice) has 

been observed by Esieh, ~untzeff and Covràry (1955). Later 

j_eh, Hao a.r:d Sasananonth (1959) reportee~ that the 1evel of 

tLi s enzyr.:e c1 ecli..ed sl m·;ly upœ1 removaJ of the trar:splant ed 

tumour; they cn:-~cll:c1ec1 tha t the turrour may h:duce t'he 

prod"-lCtior: of lactic dehydrogenase by the host's norma1 

tis suo. Th ere have a1so beP.J1 a n1.lr!':ber of clinical reports 

shoHi.l"lt:; higher levels of this enZ".rme in patim:ts suffering 

from cancer. Lactic dehydro~enase inhibitors have been 

sho,.rn-, by Papacor:star:.tinou a.:1d Colovrict (1960)1 to inhibit 

the grm·Tth of HeLa c ells in tissue culture. 

OXIDATIVE METABOLISH 

Role of oxidative enzyn;cs in vitro 

The :.;resence of er.:zyres in the tllrt':our tissues for 

the aerobic oxidntion of case was suspected long before 

the cor:1plete mcchnnism of the ~)roccss vras ;_•ostulnted by 

Krebs ar: tl Johnson in 1937. There wcrc, however, at fir st 
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many contradictory reports as to the existence and the lcvel 

of oxidative enzyr.:es in tumour ce11s. 

First reports concerning the presence of cytochrome 

in neop1astic tissues uere !::ivcn by Bierih and Rosemb1ohrr. in 

1926 and Yaoi, Tan:iya anc~ I'akahara (19~8). Both found that 

the 1cve1s of cytochromes in rr.alie;nant ti s SlJ.C s \·re re not 

appreciab1y 1ower than in normal tissues. In 1932 Barron 

demons tratcc..~ the rrescnce of succinic dehydrorenase in slic es 

of Halker 256 carciLOSLlrcoma. HOi·rever, El1iott, Penoy und 

Bal:er (1935) studied lactate and pyruvatc mctabolism of rat 

kidney and Philadelphia I sarcoma ar..d fou nd thG. t succinic and 

m<üic dehyc:roçenascs ar:d 1actic oxidase ·Here not very active 

in tl:e se tis sucs. They sue;e;ested that tte ir~itiation of 

malir,r.ancy rr.ay "~..rell be due to loF nctivi tics of tl:ese enzymes. 

O:xidation of Kreb' s c2rcle ir:ten:,ediates by tumour-hoF.or;e:--:ates 

"i:ms studicc': by Pottcr, Le PaEe and IGug (1948) usinr who1e 

:)otas sium cLloridu horr:ogena tes ir. medium fortifie cl. wi th ATP, 

inorf;a.::ic r;hos·;hate, marr,r..esium, cytocLrœ'e C and DPI~. They 

fou nd no oxicla ti on of oxalaceta te by \val1-:er 256 carcir:osarcoma 

a.r:d Flexncr-Jobling c0.rcinorra, ,..rhereas rat kidney, he art and 

brain homor:cnates o:xidized this substrate very \·rel1. On the 

other ha.n.d, P:::.rdec, Eeiôelberger and Potter (1950) reported 

no oxidation of acctate-l-cl4 by tumour tissues and sug gested 

tfJat tumo':.r tissues 1<:.ck tLe oxidative enzymes. A simi1Llr 

sug ·estion vias made by flotter and Bt<sch (1950) because they 
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did not r;et acc1u;:1.üa t1 on of ci trê. te in ~ after fluon::œetate 

injection into t 1:.r.·:mr-bear:tne a!1imals. 

In cor: trast vri th the enr J.y s tt~ dies ci ted n bov e, la ter 

1mrl: hns estr-:.blisheü beyœ;,d doubt tf'JIJ.t the citric acid cycle 

does operatc in tu:mours. Cxidation ( s1~'bstrate dependent 

oxy~en uptaLe) '1Jith Krebs cycle ir,terucdiates ~ .. ms reportecJ. 

in both t;..<mour hm"'.o;-:enates ar:èi b1mour mi tcJchondria by Hi1lié1!1': s

Ashman, and LerJJli':p:er ( 1951), Wi11imr s-Ashl"'lan and Kennedy 

(195?), Sielcevitz, :,in:or:sen and Pot ter (1952), Kie1ley (1952) 

a.ul Henner D.!ld Weinhouse ( 1953). Oxidation of succinate, 

ç( -;~eto.:,lutarr<.te' elu tar.:m te and pyr1wate \·Jas obtained with 

varions ty.1os of tumours S'~ch as mouse and rat hepatomas, 

Jensen sarcomr., Flexr.el'-Job1ine: cnrcinoma, E11rlich ascites 

tur:Jol:.r, meuse mamn:nry c nrcinoma, arr:alanotic me1anoma. 

Isotopie s tuè ies have p1ayed a very imper tant role 

ill the elucidation of oxida tive :path'ltra~·s in both normal and 

Clson ar:d Stare (19Lt-9) studiec: the 

cor:pr:.rative r:::.tcs of oxidatior:. of cl4-1abelled pyruvate in 

sliccs ar:.d homoccnates of hepatoTI:a anc~ nnrr.:al li ver, and 

shovred tha t Hhile slic es of he11ator.:1a oxidized pyruvate to 

co2 readi1y, homogenates of this tUJr.Ol~r 'l:Tere ir:active. On 

tLe ot1:er hMf:, l:oth slk es and horr:or.: er:a tes of normal li ver 

uer2 able to oxidisc pyr1:vnte eqw:üJ.:;r ï.J'ell. La ter Hork of 

Groth, LePage, IIeiècl berger and Stoesz ( 1952) shm·red that 

pyruvate-::>-cl1
1- i.·ms oxidized by Flexner-Job1ine carcinoma 



also ~rovod tt~t the oxid :;r. ir: tumour takes place throurh 

citric acid cycle. 1:lei!~housc, Millinr,ton and ''~enner ( 1951) 

cornarcd tl·.e oxic~G.tion of cl4_labelled glucose, 1actate-l-cl4 

ru1d pal~itate-l-cl4 ty rat !'îm1se 1:epntorl'.a, sn.rcoma 37, 

rhaèdomyosarcon:a, mouse mar:unnry carcinor:Ja .::t.•1d Ehrlich ascites 

cGrcinoma th tht.t of r;:-,t 

muscle, rat l:rain o.r:d sr~lecn. 

mo'..1.se li ver, l:idney, heart, 

They f oun<i t1m t the tu mours 

couL' oxirltze <~11 tl-lese three substrates as rapidly as the 

r:orn:o.l tissue slices. They used tra~·,saconitate, a knu· ... 'n 

inhibitnr of aco:üt<::.se, ar:d obt:~j·:ed <ill inhihition of gl';cose 

th o.ccur.mlation of citrate. 

~·Jeinhousc (1952) made a survey 

of the vo.rinus e~~zyr·.cs of' citric c.c:Ld cycJ.e in sorne trans-

Heinhm~ se et • .!.!. . ( 195J) œ1d 

·rovici.ed defir:ite cvirier:cc tl:at t·~nou.rs _!)ossessed all the 

enzyr::es of t trico.r1:oxylic ac id cycle. Tt. e en zymc s i-r er e 

founC: to be :;resent nt lcvcls compar;~ble to normal tissues, 

1.rith tho cxc tion of ac 

genas o. TLcy sue"'estod thr~t tl1c lovJ uctivi ty of tllese last 

tuo enz os mir;Lt hé~Ve :een tl:.e rcuson for previous investiga-

tors tc eve tL~lt tumo;:.rs lactoo oxidati ve enzymes. 

In vivo 

Busch ar-id his collea~-Ies have studie d the opera ti on 

of the trict:.rboxylic a ciel cycle in .Y.1.Y.2. in turro1:r-beo.ring 
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rab:~,1'estirc;atinc tl.e racHo activity ir, v:·sim.~s Krebs cycle 

iLtormediates c.:-:.d by-)roducts such as ala!îi;-:.e, ns;->artate, 

r::Ju.ta"";a te' after ir: j ccti!"'.f; cll:--la. bell cd pyr~.:.va te' s· ~c cinate 

..,,.,r< ~J··t..,r~-...,te ('"''."'C'll 1Q5~· c;....U -L~ È:,;. • . ..-... <.A.oJU.. .: J ,.-:. J;.:;) _ i" ,1 ' ;'yhan anc.1 nusch 1957; r:yhan and 

nusch 195Ra, b) tt:ey OÎJservecl that norrr:al tis sucs coEverted 

alnnlne, aspartate 

ll! :d elu tm:: a te. tLe other han d in tur.,ours, e. f. Fley.ncr-

Jo~üinE' snrcor:u_.,rr.ore tha~: 50% of the la. belled pyn:.va te v! as 

co ·1verted to Jacta te. Busch (195'5) tb.1:s concluded tJ:.at 

tricarboxylic acid cycle vms not very active in tumours. 

nut subsecr:er:t studies of 1iyhan and nusch (1957, 195?) "~tTith 

cl4_la led succinate gluta~ate in the presence and 

a bser:c e of malon a , a knm·m inhi b1 tor of succinic 

dehydrocenaso, iu11ca te cl that the ci tric ad.:~ cycle vras 

OD'.::rativo ü::. tumc::Jrs in vivo at rates corr,parable to those .. -- -
f elin'' :Ln norrnJ t:ts' rl•ec ........._ ... l. ..... v.. .. û .. v' and that transformation of pyruvate 

to amir:.o o..c:L proceeded via the cycle. 

Eexose Monophosphate Shunt 

T!1ere i s little douht that the b'ük of carbohydra te 

oxidation in t:_:;:;m_;_rs ~rocecds via tLo 8mbden..}.':e'.rerhoff thuay 

œ:d the ci tric ac id cycle tl:.ougL sone oxic1 a ti on c1oes take 

~Jlace via the hexose mo:;o-_-;hosphate sb~nt. 

Dickens a.r~d Glock (1951) sho'\·Ied that tumour tissues, 

li lee li ver, 1düney and bra:Ln cou ld o:xidize el~ ;_cos e-()-phosphate, 

Lo.ter Glock 



a..r1d !1cLean (1951+) n:ade a detaileci s-:rvey of tr.e various shunt 

enzyrr;e systen~s ox ur:.d rat adronnl eland, rat thymus, spleen, 

er::1::.ryo, brai.::, ~-· lc:~ccr:ta, and mnmmary r;1and ar.d corr;IJared them 

vli th n;Ol:se sarcoma 37, bcnz)yrene mou se sarcOI~'a, benzpyrene 

r:ol:so epi thilion:a, \·lallcer 256 rat carcinosarcoma and found 

tLa t the enzyrne vels in tur;;our tissues \'lere ".ri thin the 

rar.se of th ose found in norma 1 tissues. \rlilliams-Ashrcan 

(1953) has sbo•.:n the CSCl-::Ce of cose-6-phosphate, and 

6-phosphogb1conate dehydrocenase activity in acetone powder 

pre~;arô.tions of :fur li ch as ci tes carcinor::a cells. 

Villavir.cer::.cio and Barran (1955) have rcpor ted the preser~ce 

of the er.:zyT:e for ri bose-5-phosphate rreta~olism in extracts 

of Gardr;cr lyr::}1hosarcorna. Rosch, van Vals and !':F.:melot (1956), 

~lsir:e cell free extracts, hornoeenntes, and slices of man:rr.ary 

carci~1orra, ovaric:.n t'llr!ours and a hepa torea, have demonstra tcd 

the er:.zyr::es, in te:rrnedia tes and reactions of "the hexose mono-

)hosphate shunt. Studios utilizing r,lu.cose-1-c14 and 

eDlcose-6-cl4 Glso have revealed t presence of active 

shunt rrechanisr:: in tt:.n:Œlrs (At:ranoff, Brady an.d Colodzin 

1954). Thcse \Wrkers uscd ncriT.al and fastcd rat liver, 

regeneratir:c; li ver, butter yellm·r rat hepa torr:a, and 

trar:splant ec: r::ouse hepatoma. The presence of the a1terr1:'l te 

pa tlnr.::.y in li ver tur:ol;_rs \·ras confirrr.ed by Abraham, Hill and 

Chailmff (1955). Br;,~r;elot, Bosch and. van Vals (195'5), 

Er::r;:clot, nos ~rombacher (195'6) and van Vals, J'.osch 
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and ErrJrelot (1956), stndying induced and spo•:tan.eous rnmnmary 

t·,:mours, hepatoma, ovarian tl~mours, a'1d a sarcoma, reported 

the .œesence of shunt pathway al thout;h in so~e tissues i ts 

opera ti on could or~ly be revealed by using: r.u:.l ona te. A 

study of the hexose monolJhospha te shunt in normal lymphatic 

tissue ar~d lyr.Jphatic tumeurs vms made by Kit (1956), he 

reported the perc~1tages of C02 produced from specifically 

labclled glucose by various tissues, which were not 
Q. 

produced via the E:mbder:-Jtrerhoff Tk'l thtvay ar:.d therefore, 

presumably thrr:uzh the shunt. A:lpendix 11%, tl-:.ymus 1370, 

spleen 37%, Gardner lymphosarcoma 32%, Ehrlich ascites ce1ls 

23%. He fu.rther observed that turnour cells formed 2 to 5 

times more ;-;entose from elucose thar: did norn:al lymphatic 

cells. \V.enner anè WeinhmJ se ( 1956) calculateè tl1a t 2 to 

16% of the oxic1 ation of e:l'lcose in both normal ar;d tumeur 

tissues proceeded via the hexose r.:-;onophosphate sh:1nt. 

Th1:s studie s of enzyrr:e and coenzyrœ lev el s and 

studies follo-..rinr; the oxidation of SJl>ecifically labelled 

r:;l·ccose indicnted the presence of an active hexose mono-

phos)ha te shunt in turno:.;rs. Quanti ta ti vely, this pa tln1ay 

in tumo~~rs ars to be at le~st as important as in the 

homoloso·1s normal tissues. 
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A1Ui:O ACID MBTA-;lOLISH 

Free Ar·.ir:o AcirJ ?attcrr..s ir: Tumeurs 

It has be en kno,·m for a lone; time tha t free runino 

acir1s vTere presa1t ir: tissues of ardmnls in the post absorptive 

state at 3 to 9 tin:es their ccncentration ir: blood. The 

patterns are highly characteristic for each tissue of a gj_ven 

ore;anism and are main tained at relatively constant levels 

des-:ü te physiolocical al ter a ti ons. 

Roberts œ1d Tishkoff (19L9) shovled that the free 

arr:ino ac id pattern of squamous cell carcinoma was entirely 

different from that fom1d in the epidermis of normal adult 

and ne1v born r.::ice. On extcndi ne this observation to other 

tissues, Roberts ar:c: Frar:kel ( 191.1-9} fo·_md that each tissue 

of nornal healthy rr.o~J.se had a characteristic amino acid 

pattern, 111hile quit e sir::ilar }')a tterns of free amino ac s 

vrere ol;trdncd from differer: t types CJf trar:splantable a.11d 

spontaneous tumo' œ s. 

The possibility that iEtercor;versior:. '\r!ith a~ino 

acids reprcsents a sicr:ificant metabolic function for inter-

media tes of tricarbOX'.flic a cid cycle bec ame apparent du ring 

the study of the overall metabolism of acetate-1-cl4 by 

Busch, Iiurlbert and Patter (195'2), Busch (195'3) and Busch 

and Baltr1;.sh (195'4) in normal and tumo~Jr-bearing rats. 'l'bey 

sLo\<red tt at a sr.:all T)ercer: tarre of the c14-aceta te ,,ras con-. ,, 

vcrted to cl4o2 and that the rr.a.j or portion of the radioactivity 
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\vas found in ar:.ir.o acids, m.ain1y in g1utamic acid. Subse-

quent1y Busch and Ba1trush (1955) sho"YTeà that tLe route of 

entry of acetate-c14 into e1~~tamic acid was through the citric 

acid cycle. his stud~r of pyr,lvate-2-c14 metabolism 

1.!:::. vivo, in r<:ts bearin~ Flexncr-Jobling carcinoma, Halker 

256 cc.rcinosarcoma, a nd Jer::sen carcinoma, Busch ( 1955) 

reported that in non-tumollr tissues 30 - 80% of the isotope 

\\ras transferreèi to alanine, glutaclc acià and a spartic ac id 

a.fter about 1 r:-:inute of injection of pyr:tvate-2-c14, but the 

incorporation of ar:ino acid s in tumeur tissues w as much 

s1ouer a!1d lm·:er than in the non-tumour tissues. Kit (1955) 

reported th at on inc'lbati on of Gardr~er lymphosarc ona 

Sllsr,ensions v:ith acetatc-2-cl4, the c14 was incorporated 

into the ~-carton of glycine. Kit and Graha-m (1956) studieà 

amino aci d biosynthesi s fror:r: cl4 glucose in the asci tic forms 

of Mec ca and Gardrwr lymphosarcomas, Ehrlich as ci tes tnmour, 

lyrr:.phatic leu};:er.:ia (L-5147) and Hardine Passey an.d Cloudman 

1 i . t ~ t ' 1 , el, . . t t rr:e arw:mas, _r;. Vl ro, ana repor ea ao _~J..nr; :Ln as)mr a e, 

alanine, r:luta.rnate, serine ru1d glycir::e. Later Campbell and 

Halliday (1957) re~)orted t!:o cor:version of cl4_fl'tcose into 

alanine and rlutru:ic acid by rat liver, liver t:.m;o::rs and 
, . ., .. . .n c.n ey ~ .Y.!..Y2.. Recently Busch, Fujhiara and Keer (1960) 

s tuclied the cor_ version of gl1,~cœ e-1-cl4 in tissues of tumo~;. r

bearic:r rats and four.èi incorporation of cl4 into lactate, 

alanü:.e, and r:lutar~a te by the ~·ln1ker 256 carcinosarcorna. 
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It 1;.rould seem evident fron: tho a bovo dis eus sion 

tha t al thm;gh tl'e tlLrr.our and normal tissues beth ~ro duce the 

same a:r::ino acids frorr. cl4 elucose, acetate or pyr,~vate, there 

is a ql::.ar: ti tati ve (:ifferer:ce bet\veen the tl':o types of tissues. 

The proc1uctior. of rlutru:ïa te and aspartate fro:r.1 cl4 glucose 

beth in vivo and in vitro or~ ce aga in sha.-:s that citric ac id 

cycle does operate in ~1rnour tissues. 

A.r.üno Acid Reguire:r::ents in Tiss~1e Cult.tre 

Ylost of our k.novrlec:ge on arr.ino acid requirements 

of both normal a::d tumeur tissues has been obtained through 

studie s in tissue cul ture done mainly in the laboratorie s 

of Par;:er, rorp,:::.n a!1d Eagle. 

Horgan, ;1orton and Parl\:er (1950) \.rere tl:e first to 

prepare complete synthetic n:edia for tissue culture; they 

st::died the nu tri tioncJ. requirer:1ents of cul tu res of leg 

rr.uscle fror;~ 11 days olf?. c1:ick err.bryo 1;Ji th respect to amine 

acids, vitamins and otLer grO'I.·rth factors. 'I\renty amino 

ac ids \·rero founà. to be essential for tbe i·r<J\o!th of the se 

cells. The se incl u:1 ed tLe 1-isomers of art;inine, histidine, 

lysine, tyrosine, tryptophane, phenylalanine, cystine, 

methionine, serine, threonine, leucine, isoleucine, valine, 

glutatdc aciù, aspartic, alanine, proline, hydroxyproline, 

r:lycine, cysteir,e and glu tar~·.ine. Hovever, for the grmvth 

of a mot~. se he art fi broblast strain "I .. " only 12 amir::.o ac ids 

·vere found to be essentiu1 by Eaele ( 1955a). The se \<Te re 
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areinine, histidine, isoleuc 

phenylalanine, U:.reonine, tryptophan c, tyrosir:e, and Glu tamine. 

TLe a.':lir.o r~cicJ r 'irmnents for the grm·Jth of HeLa cel1s, a 

coll line derivee;_ from hur.;e.r: epidermoid carcü~oma of uterine 

cervix, '\·rere faune: tc l;e sir'ilar to those for strain 111," 

cells, Enr::le (1955t), e.lthough tl;e arounts of amino acids 

required fer the HeLa cclls 'VIere 2 to 4 tir:1es higher than 

those for normal "L" cells. Difference in the nurnbers of 

essential a:.:ir:o acids in tbe r.~ec:liu..n: of Horean et al. (1950) 

and ga;:le ( 1955) rr:ay be due to the fact that, wLereas Eagle 's 

medh;_m is supplet"':ented with 10% serurr:, u~ere is no serum in 

'~ ' ~ . 1'1organ s rnea:Lum. Bence the 1ack of added élJ'!;ino acids in 

the former r:1od is cor.rpensa toô by the s erurr.. Hore recen tly 

?asiel:a, Morton a!1d J1or gan ( 1960) studied the c:lu tamine re-

quirer~ents of bath normal and malir;nant ce1ls and found that 

this ar; ide \<Jas not very rcaàily utiliz ed by cul tu res of 

r:..ormal cells, b-:1t tbat the tumour cells uti1ized it more 

readily. 

This requirement for r:1 utar:1ine in the culture of 

tumour ce1ls 1ms shm.m by other wor:~ers much earlier and is 

one of tl:e strikinc differences betv1ecm normal and 

cancerous cells in tissue culture. 

The res~ll ts o btained by in vitro studies regarding 

the r~l'.(ta.Inine requirerr.er.:.ts an.d the grm·rth of tumour tissues 

seem contrary to tte fi::diLSS of Sldp cr and Thomson {1958) 
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on the n.n:ino acid require1r.e:~ts of tv.rnour-bearing animcls. 

The'J re!Jor ted thect erovrth of t'u::our ·Has l01rer 1vhen rats 

bearing sa1~cor.:a 130 ,,;rere fed è,iets deficient in vnline, 

leucine, isole-:J.cir::.e, histidi!·le ar:.d n:.ethionine, as compared 

to anir::als fed a nutritionally complete diet. Deletion of 

r;l': tarde acid, glutar,ine, and as tic ac id had no effect 

on <meur r:rowth, though omission of tl-,ese arr.ino acids from 

the diet resulted in a loss of body \veight of the host animal. 

Eence th:re ~:ras no selective inhibition of tu.mour ''roiv-th due 

to d~ of c~lutar: ine. This ap :parent di screpanc y bet,:leen the 

in v vo arK~ vitro reS''lts rer;ardi the requiremen t of 

rrlutardne for ,r;ro\\rth of tumours can he e:xplained on the basis 

of suffie t pro duc ti on of r;l u tarn by tl:e h'' st tissue for 

tumour ~:;rou th. Her:c e making i t unnecessary to su pply the 

tumeur- bearir.:.g ar: irr:al 1.vi th extra glutam.ine. 

Gl~rtar:ine r1etabolisr: in Tta::ours 

Since there sem:.s to be an especüù ly hir:h and 

specifie recrd.ren:er.t for glutardne by tumours it 'i<JOUld be 

pertiLent to gi ve a sLo rt cl eus si on on the various metabolic 

pathi·.:ays for ,e:lutarine metabolisrn and its role in tumeur 

Glu tarrine hus been a subje ct of con tinuous research 

since its first isolation frorr: beet juice by Schulze and 

Gl'.l.tami':e vlas not suspected to occur in 

rnan:malian tissue till Mcilwain., Fil des, Gladston and Ki1ight 
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(1939) obscrvod an increase ir~ t1:e ::;ra·:th of Stroptococcus 

haemolytic ;s by o.clùi tion of he art muscle e:xtract to the 

gro1:th rr:edi ur.:. The erm·rth ~œomoting fact·"' r \•Jas idEntifie d 

as tmdne. Sine e then tt ar:: ide ha s be en four.d in 

severaJ. oth~:-r normal tissues and 

vo..rious rr:etabo c reactior.s. 

s be en sl: ot·/!1 to part ici rn te 

Glutardne has hov.rever ncver been detected in 

tumour tissues D1 ~:c free state. The laclc of free gluta-

r.:ine in tm:::our t sues c ould be a seri bed to a d ecreased 

synthesizin~ ability and to a rapid rate of utilization of 

this amide. Levinto\! (1951~) assayed a numbPr of tumo11rs 

for zlutar.:ine syntl:esiz ing ca"9acity, and in n:os t cases 

reportee a low level of glutM:yl transferase activity. 

Recent studic s on the gl"J tnn:i1:e synthetase and glutrunyl 

transferase activities in hepatoRas by lo/u and Bau.:r- (1960) 

have revealed a lowering of activity of these enzymes with 

the proeression of the tumours. 

Roberts and Dorges (1955) studied the levels of 

free glutarcine in developin(~ and regressing tw.curs <md 

shoued synthesis of glutarr:ine in tumours but that the 

synthctic activity of turr:our \vas exceeded by fue rate of 

u ti 1 i za ti on. TLis i.vas sh01i!E hy using a line of leukemia 

v:hich erm·!s in hro strair:s of mice, one of ,.;J:ich is resistant 

to leuken:ia. In this strain the tureour :9roeresses for sorne 

tir:~e and then s tarts to re~:;res s. ro trace of glutamine was 
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detectcd in cither strnins d'iri11.[ the t·:mour progression 

but as the t·ur.our stnrted to regress, in tl:e resistant 

strail:' free elutar::ine appeared in the tumour. 

Synthetic nenctio~s of Glutru:.ine 

Glutw:ino has b€en sl:::-::'.m to play ar: iœportant 

role v ari01..1.s synthe tic process es. Rabinovitz, Oison 

and Green berg ( 195'6) sho1;red a s tin:ulation in the incorporation 

of sever al anino aci6 s into pro teins of i<:hrlich ascites 

carcinoma cc1ls ir~ vitro, in the presence of gl:1tamine. 

In the absence of c1utar·.ine, methionine sulfoximine, inhi bited 

the incor};oration of an1ir..o acir3 s into protei.l1s. The 

mecha:~;i sm of id:cibiti on by !:1et11ionine sulfoxir:ine indicated 

o..n interference 'i'lith the synthesis of r:1utarnine. The role 

of glutaci::e in the biosynthcsi s of proteins in tissue 

cultures has been investifated by Levintou, EagJe and Piez 

(1957). They used both cl4 a::d N15 labelled glutamine 

and frmnd that this a~ide vras incorpornted,-•.dthout prior 

der:radatior: ,in to the nroteins of HeLa cells. Their vmrk 

also sho'.·'ed the incorporation of the carbon chain of 

r:lutœ~ine into glutat ic acid, aspartic acid, pro1ine and 

to a smaller extent n.1tlr.ine, serine and glycine. 

Levintm·T (1957) shovred tho incorporation of the 

arcid e group of gl'_t tar~ ine into the amide group of asparagine 

·uitho,~t ir:.terrr;ediate forrration of free a:mrr:onia in HeLa cells 

crm·m in tis sne cul ture. 
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Glutarnine has also been shawn to play ru: essential 

role in the synthesis of purine and pyrimidine constituents 

of nucleic acids Goldthwait 0.956); Levenbers &1d Buchanan 

( 1957); Hartr.1an and rucha:: an ( 1958); Abra:ms and Rentley 

( 1959). 

Conversion of uridine-5 phosphate to cytidine 

nucleotides by soluble eLz-<,rrne systems from rat Novikoff 

hepatoma r..as been shm·.rr. by Hurlbert and Ka.rnmen (1960) to 

be dependent upon ATP, }' g++ ar:d glutal!line. 

Patmra;z:s for gl'-~tamine der:radation 

The der,radatior;. of g]':.tamine \4ith forma ti on of 

ammonia can be bro~.1ght ab.Y:t in four possible ways; 

hydr olysis or tran.sfer of'( -cLttar.:yl to an a cceptor 

( '0 -cl'ltamyl transferase); phos:";hate linked hydrnlysis 

(glutardnase I); fl'~tarnir:e transamination, depending upon 

the ~1resence of~-l:eto ac ids ( gluta.'Tlinase II); and by the 

action of DPH Synthetuse on the follCJ\>ling reaction: 

DPN + Glutamate Gl~ltamine + .ATP + H20 + Desamido DPN 

Sb1dies of Kva'C' .... 'ne and Svenneby (1961) on the effect of 

glucose on the utilizatior; of glutamir!e in Ehrlich ascites 

carcino~a cells have revealed the presence of glutaminase I 

vri th a pH optirmr.: of 9. They also showed that~-keto ac ids 

have little effect on the clutam e upta':e by cells under 

aerobic conditions. Glutanirle Has utilized v.Tith the 



appenl'ed as 

t arr.ounts of ummonin, 50 to 70% 

and only o. 5% nsoC.-1-:etoglutarate. 

Presence of chnractcristically lmv levels of 

gl~.tœ!:ine in tumeur tissues cmrpled ,,;ith tl1e presence of 

a hi ch rate of clutar;inase acti vit y has f ocused the 

atter:.tior: of vrrrious ,.rorkers on the possible disturbar:ce 

of t .!.IDour me tabolism by interference ui th el utamine 

r::etabolisr: as sY"o'~:m by Ayangar a.r:d Roberts (1952). 

){ -1 [;ltttarr:yl hydrazide, an irlhiti t·'Jr Of flU tar.-J.ne Synth;;tsse, 

v.ms fou to do ma:::dr.:urt; cytolor:ic nl dar::,ace to Yoshida 

sarcoT"'.<::.. cells r:.lso produc ed char: f$eS in the free arr:ino 

a cid :îut tcrr:s, incJ uc~in c the appen.ran ce of zl utamir:e in 

beth cells ~ill<J , by Roberts (1960). But the sar:'e 

cor })OUncl uas found to bave no effect on Ehrlich ascites 

carcinor:a cells, and hr,d no effect Œ1 tl:e t''mour croi·rth. 

Lev,.,lc: Of' t'lHtU'~""-l'·e 1'n 'i'urrour ne~ri-·r- •r,-tm.-, 1 g r,.:,.: _. - .''-·JC .1·~.J..l ... · #-.-.. _..._ -1 • .;, -~;"~1..t ..;_,~..:(' li. •..L.~-~H •. U 

ac 

Ross and McHer..ry (1954) studied tt~e elutmnic 

leveJ s in the yolk sacs of chicl: er:bryos 

injccted with rat livcr carcinoma. They observed that 

vrhereas in tl;.e control Cf"gS ttc: levels of gl·;tarr:ic acid 

decreased, the tur:laJ.r-injcct.ed egrs shov.red a pro;:p·,essive 

incrcase in ['lUtD.r:-.ic acid uitL a co.;.con:itm-:t decrease in 

the level of free glutarrine. La ter, \;Jlü te, Oza\·ra, Ross 

ani McHcnry (1954) demonstrated a s:imil.:œ chnn"':e in the 

zh.:tar:~ic ncid f nd gl~.ttar:ine levels in the plasma of rrovikoff 
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he11ator::a anC r.:othylchclanthre.~~e-ind'lCed tumm~r-be:::.rine rats. 

It is of inter est to note thnt in patients sufferine from 

acutc rr:yeloblastic, lyr:phoblastic, m:d cl'..ronic lymphocytic 

leukcrdas, the blood 1üasrr:a levels of glntan:ine t-Iere fou nd 

to be :réllly la·~ er thun the normal lev el s (Rous er 195'7). 

Similar louer plasma elutarr:ine levels Here reparted by 

the sa:r:1e a'llthor in cases of breast cancer, Hodgkin' s 

dise2se, lyr:~I:hos::,rcoma, aEd reticulum ce11 sarcoma. 

Simonscn and Roberts (1960) stl~died cha!lres in the 

free ar:ino acid patterns during the co'œse of tumour .e;rmrth 

in anirr>ë:Ü s and the effect of tu."!lour grm.; th on the free amine 

acids of host tissues. In studies ra.ngir:g from 48 hours 

aftcr i!1jecti on of Ehrlich tU!:loL.r ce1ls un ti 1 11 days, the 

t;:.r.ao'œ shm·:ed constant level s of free amino ac ids. Free 

glutar ine cou not be detected in either cells or fluid at 

any t Althouzh tLere uns no ch<:mge in the free amine 

ac levc1s of the host tissues for a v.reek after tumour im-

)lantation, after 8 days, hm.rever there nppeared to be a 

docrer~se ir. tte gl'J.tamine levels of bath mu:scle and liver. 

rforrned sirr.ilr.~r studies on rats bearing 

l1u.rphy lym.phosrtrconu vrith the smre results, exce11t tl;at in 

this case there ;:ms a lovrering in the lcvel of glutar::.ir1e in 

the kic:ncy after 3 dûys of 'Lë:.mour implantation. ~imilar 

re sul ts '<7ere al so obtained vii th rats beé:,ring Hallœr 256 

carcinosarcor::<::. ~~y Simor:sen am Hoberts (1960). 



- 26 -

It co·:ld be concl~-~ded from tte above èiscussion 

that tl:.e free an:ino acid lcvels of tte host tissues of 

tumot;.r-benr:Lne o.nir·,nJ s are r:encrclly quite Cé>nstant and 

that oely in tl1e terrünal stac:es there ap::;ea.rs to be 

altera.tions; the :r::ost frcquently obs0rved chanee being 

a decrease in froe cJutar:i:;e 1evels. 

Use of Trans ·:ln..': ta ble T1ll!10l:rs 

The stuày of car:cer in rr.an is, for obvious reasons, 

ver;;· lir:üted hence most of the experimen. tal study of U:e 

discase h;.:~s been r..:édn1y done id. th 1a1Jorc:.t:.::r:r <l!lima1s. 

Al tl:o·.:zh c1inica1 o1Jservatic:r:.s OP .. ca~-:.cer \·re re recorded as 

lœ~f', ap;o as 1500 D.C. i t uas not un ti 1 the beginning of t},is 

cent·œy that a systematic ar::cl extensive study of cancer 't'as 

underta:(en (Greenstein 1954). The ear1y studies ·uere 1imi ted 

to a fevl s~ontan.eous tun10urs, 1mt a great step fo:r\·Jard in the 

understandine of tumonr erm! th came c.t the end of 1ast cent,try 

when Jensen succeeded in transplar:.ting a tumour from one rat 

to anothcr. This ope~~cd up a nev.! aver:.ue of approach in the 

e::t..rperimenta1 study of ca.ncer and the ready av2.i1ability of 

tu:œour ~aterüù res1~1ted in extensive use of t'..lmour s1ices 

in the biochemica1 stlrly of car..cer ( Cr<:lbtree 1929; ·\'Jar burg 

1930; Dodds ar..d Greville 1934; Victor and Potter 1935). 

Lm·.renth.:-,1 ac.cJ Jahn (1932) innoc·t1ated mice intra

pcritor..eé:ùly 1:i th a s':s:Jension of Ehrlich carcinoma ce11s 

and obtaincè. an ascites tumour contair,inc a larze nurnber of 
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ceJls. T1~,cy fou.::è tha t this ascites t~1mour vras reac:ily 

traJ~sr:issi ble and haù a seemingly characteristic invariant 

e;rm.;th ~;a tt ern. An ascites type of tumo'.1r has mMy 

advantar:es ovcr a so lid tumour, the cells are easily 

obt~dn.ed ir~ a relu tively p:~re state, and there is no 

corF:;üicatinr C')Ll,ective strorr:a as in solid b~m.oëlrs. 

Air!' of Prcscr-:t_____st ~dy 

It :b.:_:_s been observed by B'.~sch Md his colleagues 

(c.f. arri~c acid metabolism) that tumour tissues "'i.vere not 

as active as norc.:ù tissues in the prod1.~c tion of amino 

ac icl s in vivo. -- Renee it was of i~terest to co~pare the 

ac ti vi ti es of norr-~al ar:.d tumm.:.r tis sucs in so far as the 

incorpor2ti or: of zlucosc carbon in tr1 ar:üno ac ids is con-

ccrned i11 vitro. 

Ir. vivo bunour-host relctionst.ip -v:i th reference 

to the levcl of free clutar:'ine has been shmm quite clearJy 

in both. anir:;als bearinr; trans p lanted t-unou.r s as 1-rell as in 

pa tio~;.ts sufferinc frcn.:: tal ir,m:-.r:t dis eases. Ir. vitro - --""'--

sh;dies ·vere ::1erforrned to thrm·! so!De lit,Lt on the effect 

of tur:::our tissues on the incorporation of glucose into 

free e..rü.r.o a cid s of hr;s t tissues, n ncl als o to fi nd possible 

reasnr.s for the lovr levels of cl utam inc in r..ormal tissues 

of tumour- beê_r ing ani mals • 

An attern:;;t hr.s a1so been nade to evaluate the role 

of hexose non.o;-Jhosphate sh'mt in t1 ~mo-:.:.rs and tl~e effect of 

soœ suilstances on that p&thvTay. 
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'MATF"'"-r::IALS A!'D MBTEODS 

1-la te rials 

Tur.::ours 

1. Ehrlich Ascites Carcinor:a Cells 

Ehrlich As ci tes carcinoma c ells have beer_ grO\tm 

ir: s laborat·)ry r~)r the past five years by intrapcritoneal 

injection of c.tr- ml. of ccll susper..sicn into CF1, 8\·Tiss 

uLite rr.ice, tLe trar:s11lar.tations bein.s; done every seven 

days .. 

Anirr.rus Here killeC: by cervical dislocatinn, six 

tc seven da:Ts after tra.:.s~lantation, and the cells reno"~red 

Fith e. ?aster:.r pipette. The ri tc:menJ CB.vity \•tas \·Iashed 

i·li th ice-cold l:reb-~~:inger salt sol-c;ti::.Jn, pH 7 .4. The 

sus ension. ·"'·as centrif;~ged at 800 .G. for tuenty seconds; 

this sedir.::entcd tte cells. The super!1ata!: t <.·ms dis carried 

a1.d the cells \·re re res1..1.sp ended iL cold salt solution and 

rece.:.trifuecd. The process was rcpeated till the cell 

prerarat ;, '1..-~lS free of œ,y erce~-Jti ble blood contai:JirJntion. 

The celJ s uorc tten ccLtrifuged at ÜOO _g, for t\oJO r:ürntes 

annronr • J. • te dil11tion of the 

pac::e d cell \·:as made so as to gi ve 10 mr. dry 'Jej_r:h t of 

cells in 0.2 r:1. of sus~ension, \.·:hich '\>rns the quantity 

2. F..hrlich Solid Tu.r.:our 

Solic' t::mo-lr l:as obtuined by inj cc ting the a sei tic 
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forE subcutnneo~s in tc CF1, S\Jis s white r.:ic e; <.lnd they 

uere r:cneral1:T 1J_sed t'Je1 ve days after trans plê.ntn. tien. 

'l'Le ru:.ir;al s tvere l:illed by cervical dislocation and the 

tumo"\_œ was rcr::c:v and chi1led in crushed ic e. S1ices 

'\\reighin:-; approxlri1ate1y 50 to 60 rn~. 't·ret 'trej ght and of 

.r_'bo··:t 0.3 t(.' 0.4 mrr:. thickness '.>lere eut t..ri th a cLilled 

Stadie-Rir;gs tissue s1icer (19lt-4). As far as possible 

the slic es from one sL gle tumm:.r \<lere al·~rays used for 

or:.c e::perin:en.t. If this \·.Tas not possible then the ic es 

fror;: sever al t'u:~ours \·lere rando:mly dis tri buted. 

3. Melanoma 

:1elanorra 891 '·!as obtained from the Roscoe B. 

Jad;:so.r. Merorial Laboratory, Bar Earbcur, 1'\;line, ".S.A. 

It •,:as trans:üar:ted subcutaneously every four Heeks into 

DBA/1 rrice i·.reighir:g abo1-'.t 15 era.ms. Tu.mours used in the 

experir:cnts •rcro a ben t four \·Jed:s old anô the slic es v·rere 

lJre;Jared in '10 sar:e mann er as descri beèl. for t:he Ehrlich 

Solià tumeurs. 

4. rovikoff Hcpato:œa 

Doth solid and 1iquid types of rovikoff heymtoma 

-v;ere obtainod throu["h the courtesy of Dr. V .N. rïeam of the 

J1ontreal Cancer I :sti tu te, Hon treal, ~~ue bec, Canada. 

Solid hepatoma was traLspla.r.ted by injecting a 

tumour suspe!:sion intrnperitoneDJ..ly to hoo d ed rats • 
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Slices of 7 day old t·::mours vrere utilized for eJq1CTirnental 

p1:rposes. 

Liq·J.id hep<:ltOEa \Ul.S obta C by iLtraperitoneal 

injection of tumour cells ho:Hlcd rats. The suspension 

of the cells vras pr arec1 the saEe vray as des cri bed far 

m1rlich Ascites cells. 

5. Walker 2~6 Rat Carcinosarco~a 

Halker 256 Rat carcinosarcon:a vias obtained 

orieinally fror:1 tLe laboratories of Dr. E. Selye, 7·niversity 

of Y\ontreal, Hontrcal, quebec, Canada. 

T·umo":tr vras inj ected intramuscularly into the hind 

leg of hooèieè. rats a·,d us ed ten to tT;!el ve days after 

il:: plan tati on. 

Turrou.r tra::s"[Jla:~tatior:s vrere dŒ1e by ~'iss I. Cyr; 

a:1d t:Cc a:_:. thor is thankflü for i t. 

Cher;;icrü s 

All chernicals 1.<1ere <Jf reaeent grade and \vere used 

withcut any ~lrther purification. 

Radioactive Mat0rials 

1. Rac1ioacti ve GLlcos e 

GlEcose-1-cllr, GL:cose-6-cl4 and Glucose-:'-cl4 

\~lere obtained fror:: Radiochemical Centre, Ar:ersham, 

nu.ckir:ghan:shire, England. 
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2. ?orr:'n tc-cl4 

This ·~ras SU}!plied by Mere};: ar~d Co., 11ontreal, 

3. 1-Glntamine-r--cl4 

This vias su~;plied by l'erck and Co., Yontreal, 

Que bec, Can<::.dn. 

t~o. 1-Gh~tarr:ic Acid-r-cl4 

This vlas obtained from RadiocherricaJ. Centre, 

An: er she.rr:, T\1.J.ckinehamshi!' e, Ene;lanè.. 1-Gluta:rnic acid-u-cl4 

-v.rns in the form of atT':,oni'lm salt. 

Preparation of Solutions 

Solutj ons of radioactive rraterials were prepP.red 

in distilled water so as to give an aryp:roxirnate desired 

activity. Exact counts per unit volume was determined by 

coun tinp; an aliquot aftcr propcr dilution. All radioactive 

soluti o~ s 1:1erc s tc red at -20°C. 

In the ~;reparation of corrcsponding carriE:;r solutions, 

due allo::a:·:ce "~Aras :r:ade for the contributions from the radio-

active r.·.<.:~ ter ici • TLe carrier solutions were also kept 

Incubation Media 

A Krebs-Ringer medi~ of tl1e followine composition 

'\vas used for all ir::cuhatio~:s: 1t~5 IrJ1 t:aCl; 1.5 ,!EM Kii2P04; 
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1.5 I!tl ifgSOt,_; 5.: r:l~ KCl; and 3.6 rnM CaC1 2 ; Phosphate 

• f ~ }J 7 1 ou rer p , • ~, to cive a îinal concer:trati on of 10 mM per 

ve s sel, inc:,_ ~a ti on vnl· ~r:e be in. v 1 rr:l. Fi~al clucose con-

cer;trntior: per vcssel ,,,;:,_s 5 I:IJM. The co:tcentratiorls of all 

othcr 1~.eta boli tes used are descri bed in the text. 

Methods 

Ir:cuba ti or. ~)roccdure 

All incubations \'lere done in a co~wentional Harburg 

All solutio:~s 1-1ere :placecl in the main 

chan~ber oî U:e Harburc; vessel. 0.1 r.ü 20% KOH was put in 

the centre \>Jell v!Lich cor:tained a srnall roll of fil ter 

~îaper. The vess el s \·:cre E;ass ed for 5 minutes wi th pure 

( thera_)y) oxyp:en arrl ther: !Üaced into the bath at 37oc. 

Aftcr 5 min "cites of equilibration the mnnon~eters 1:Jere c losed 

œ:.d tr:c L:i tial read:':.r,g ta::en. In cu ba ti on 'das cé.rricd on 

fer 60 min11tes. 

Cl1ror::a top-ra .. hy of AY ino Aci ds 

The J::;ethod fer the chromatography of free arr.ino 

ac ids, obtaL.cd tY~rnuch tl-1e oxidati on of radioactive 

substra tes, lv as c&IT :Led out as des cri bed by Kini and 

QuasteJ (1959). 

After the ir: cuba ti on pc:;r iod the cells \•re re tipped 

into ice cold Krebs-Eingers sc lu ti on ru~d cen trifuced for ~...ro 
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Ginutes at 800 ~· The sedir:en t w as i:Jasted oree e a gain ',ii th 

cold Krebs-::.1ir1eer solution and the ·vralls of the tnbes were 

dried \Üth the hel:p of a roll of lCleenex Tissue. The cells 

were then sus:Jended in 5 ml. of 95% ethanol and allov!ed to 

stand tv.ro hours at 4°C for cor.::plete extraction of the 

arr.ino acids. 

The tnmour slic es, after incuba ti on, were tai-cen 

out, '\·Jashed i'l ice colcl \·rater and put in tubes containir g 

2 n:l. of 957b etl"lar.ol. The slices were homogenized; and 

the hoJr:c,;-enizer was rinsed \ri th 2 ml. and 1 ml. of 95% ethanol 

tc rive a final volur:e of 5 rîl. in each tube. The tubes 

1-1ere ke 1t at 4°C for ùvo hours fer the extrC1cti on of free 

mdno ac ids. 

After b-lO hmTs of extraction, the co.r,tents of the 

tubes ·vere ce~~trifuced u.:d the SU)ernatant collected in fresh 

tubes. Tl:.e seèi!:.~en t \!as extractec1 t'triee ·h'i tr. 1 ml. of 95% 

ethanol and once ·Hith 1 ml. of distilled 1·Tater and all the 

washi~rs were pooled. The etr.an ol extract ....: as dried at 

30oc in a current of air. The dried residue Has dissolved 

in 0.5 ~1. of 95% e 1; the sic1 es of the tub es were 

scratcf:.ed thorouphly to bri everythi:;g into solution. 

0.1 :r~ü. (lOOJ:.l) vias }!lnted on alurr.iniurn planc!;ets and 

counted in a f1ovi cour1ter to deterrdne the total activ.ity of 

the extrnct. The reli' i~:g ethannlic extract was spotted 

on 9-1-" x 9~-" shc:et of Hhatr::an ro,. 1 filter pa}:Br for two 

dit..,ensi on<:ü ascending chromatography. 
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Phase 1 

Ccc. ::utanol: 95% Formic Acid: Water 

(70:11:17/v/v/v). 

Phase II 

Liq"dd Phenol: \•Inter: A.n:monia (946 ml.: 

106 ml.: 1. 7 r:l. IŒt~OII Sp. Gr. 0.82). 

TL.e papers uere kept in each ~~he.se for brelve hours. 

After rcrroval fr:;r: ec:;.ch ''hase the pa!) ers \·rere thorou~hly dried. 

Chron;atorrar:s \vere then kept in contact '.'i th Kodak 

X-ray film (no Screen), size 10" x 12", in the clark room. 

The t e of expos~œe depended u:;on the activity at the oriein 

of the pap er. Filr!:s wcre then devclo:red and fixed, using 

Kodak X-Rny filrr: devclopor ar;.d fixer. After èryir.g, the 

spots on U:e flln \·.'ere r.1arl:ec1 \·r.i th a v:ax pene il and the 

correspondinE positions on tl~e chromatogram were traced 

an ci counted, 1sing a c losed \·lindo'itl Trac er la b Geiger-Mneller 

probe vJi th a mica 1ündm·r 28 mr.:. in d iameter a::.d a thiclu:ess of 

1.5 to 1.8 mg/cm2, 

.All re sul ts are expressed as rrp. a toms of substra te 

carbon incorporated per 100 mg. wet weight tissue. 

Calculation of rrjt atoms of Metabolite Carhon Incornorated 

Tte calculations vlere done in tl1e follm·.ri.:~g mannor. 

An e:xm:;: of the calculation is as follm·rs: 
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Factor • Mil rr.oles sluc ose car hon x 6 t 
Total ac tl vi ty of gl·' cos e u-c1 ~ ( cpm) 

•·• For a 5 rrl'1 Gl'lcose in medium 

Factor • 6 x 6000 - 0.15 
200,00 

••• rr:p atoms of gl•lcose carbon incorporated 1 100 mg. wet 

\·Je i et t ti s sue 

= cpr:. of inôi viàual ar:ino ac id spot x total ac ti vi ty of 
alcohol cxtract x 0.15 x 100 

c14o2 Detcrr:ination 

Incubation ,,,;i th t·:r:-:our slices :md ascites c ells 

was carried out [~S ···r evi01:.sly described. At the end of 

the ir:.cuhüion ~"Jcrj_od 0.::'. ml. of 30% Trichloroacetic acid 

fron; t!-.e ske arrr \•ras ti~med into tLe rr.ain char:1ber, to stop 

the rcnction ns ·Hell as to li ber a te bound cl1+o2 • The 

incul;c;_ ti or:. '.:o.s c œ: tin·: 2cl for ar~ otLer 3C' rr.inutes to coi'l.plete 

the evolution of c14o2 • TLe alkali soaked filtGr papcr \·ms 

rer:·oved fror:: tte cer: tre 1.rell a::.d trar:.sferred to centrif'tl["e 

tubes co.ntnin:é1c; 0.4 ml._, 1.3% sodi Ut": carbor:ate solution 

( 1 rd. : 25 mr;. BaC O.,), added as carr icr-to gi ve a total of 
J 

appro:;:in:D. tel y 11 Tr!C. barium carbon a te. TJ.:e Cffi tre -vrell 

\vas Fasbed tLree tires l·rith distil]ed \·rater and tl:e \·.rashinrs 

trar:sferrcd to tl:c ce.:l trifure tubes. The vol:me in tl:e 

t:.:bes \·ras r~ade u·-:: to abc-~t 5 r:1l. 1ri th distilled 1:Jater, and 

tichtly sto~;pcrcd a>J.d left overnie;ht to e1ute K2c14o3 from 

tl-:.e fil ter pap er. On the following day the filter papers 
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·Here rerr:ovec1 frol7' e e.ch t·:be and rL: s tL èjstil1 \·J él ter. 

0. 2 ml. of 2H A.J:rr::œ: iurr cL lor :i.c'.e 0.5 ml. saturated barium 

cLloricle solr:.tio::s 1.;ore aC:èed to precipitate barium 

carbonate. The ecipitate was wnshed twice th dis ti 11c d 

water ar.d or:.ce \'i th acetrx:.e a.nci 

0.2 ml. acetone. The suspension was quantitatively 

transferred to \·Jeir:Lcd o.lurn1n11:m planchets (lJ-.3cm2 ), dried 

and cour:t ed in a flow end uindo\·.~ coun ter. All ac ti vi ti es 

were corrccted for backrround 

.Arr.monia Esti;:;ations 
. 

Ar-ro:.ia estiruüi o.:, s \.'ere d0!1e by the r:.e thod of 

After ir.iti al 

.cubaticn ')erioè of 1 hour at 37°C the vessels i·.'ere ple.ced 

ir: crushGd ice. The brain cor tex slic cs \·re re taken 01~ t. 

TLe centr': \.'ell of tLe Harburr; vess c or:tained a srall ro 11 

of filter ';;i th c. 2 

vess els 

were reattacte~ to the manorr:eters the st ers closed. 

iEto the rr:ain ccm·"ortnent. 

This e ,. tLe nE of the n:e ci iur: to t 10.5 and th· ès 

arrests tl-:e c:n:.rse cf el'Zyn;e reaction. Undcr these conditions 

the rred is liberated and is absorbed 

by H2S04 soa::ed fD.ter papcr. The ve:ssel s ~:re re i-: t in 

nerioc: of tir::e \·~as f::-:,und to be 
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.:::.decua te for c œ~plete diff~:ts ior. on of ammor:ia • 

vessel s 'Je re ~e;1 rcr::oved a2:r: fil ter pa.per tr<:~nsferreè. 

to a test t·:; The centre l:rell 

c1 i stilJ.•~d \·la ter and the 1·rashinr:s 

traLsfer:ced to U:e t'; .. c, TLe tubes ~:ere stopT)ered and 

kcpt overnicht. r· filtcr ~)Hpcrs ,,.rero then taken out End 

wasted vith disti s added to the 

tbes. The c the tubes '"'ere transferreè into 

Folir:..-\1/u tubes for ~~esslcrization. 

Colo'~r vras develo;~c.;d by the ad(?ition of 1.0 rr:J. 

of r~csslcr ~wh:tion 2.0 rd. of 2r T:aOH. The i:1 tensi ty 

ar:. à tho o.r:r;:onio. coL tœ: t the s~u:~1Jles vc::.s determin.ed from 

the standard c'clrve 

expcrir:~en ts. TLe resu1ts ure e:~~Jrcssed as jl['.S of rœrmonia/ 

lOO rnc. wet woight tissue. 
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CEAPTim I 

Al'\IrO ACID FOR11A'l'IOr FRO:<t GLUCOSE :lY KEOPLASTIC 

IJTTRODCCTIOr 

Tt.cre have bcen many re;;orts on tLe proc}uc tion of 

ar:ino ac s frcr:: cl4-labellcd r;lucose, acetate n.nd pyruvate 

both in Y1Y.2, a.nc:. ir, vitro by t'J_mmœ tissues. Busch and his 

cm·ror ker s ( 19 1956) s cd the uction amine ac s 

1l· 
i~ vivo fro~ acetatc-1-C r and pyruvate- cl4 by t~m:our-

bea.ring s or1d r . or tod tha t tl e rnn.j or . or ti on of c14 

gets incorpora tod in to elutar:;a te' alnnir:e nl~d rta te in 

norn::nl t·m-:our tis S'.~ es, but thé:t the levcl of c14 

incorporation in the t ter ~:as ['nificnr:tly loHcr thun the 

forrr:er. Latcr Busch, Fuji1·:nra and Kecr (1960) stt:died the 

rr;etabolic pa ttcrr,s of animal s bcnr 1ng ~,Jall:c:r 256 ca re ino-

snrco~a, after inject llt-s clucose-1-C , and observed maximur: 

labcllinr; in lactate, foJlovled by alanine ar:c~ elutar~1ate. 

Kit (1955) reported the incor··poration of acet~;.tc,-:-'-c14 into 

the ~-carbon of r;lycine by s1spensions of Gardner lymphe-

. . t 
sarcor.'~a l.ll. VJ_ ro. LatGr Kit m:d Grahm: (1956) studied tbe 

!!2 vitro forr,,ation_ of ar::ino acic' s from bc:lled r;l ~·cose in 

variov_s tumottrs a::c.: r or ted la licg in a artate, 

alanine, r,lu tana te, serine and f~lyci ne. 

It was thcrefore . t to be interesti f to 
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co: parc the <:'.rir.o ne ywtterns, :Cr on [;]r:cos o, of v:_~rious 

s '\-ri th sc: .e no t-p:rm:i:~r; as 'l'Tell as slm·r-

inc tis sucs. 

soJ.H. ty;;cs of t·umours v:ere in-

C1ibnted for 1 hcmr in a normal Krcbs-Ringer medium in the 

.(> '"' -~ 1 T· c14 1 · tj r 1 presence oj_ :) m.:' e ucose-,- anc lncorpora ·.on o g_ ucose 

carbon into n.r:üno nci~"s \vere detcnr.LK:d (Table 1). All 

rcsults in Table 1 are ross ed rrp a tor~s of r; cos c carbon 

iLcorporatod )Or lOO 

I~l:r licl1 as 
~ 

s ce11s see:m to be more active than 

ei tl-. er th ci r solicl or the otLer sol t'lrnours used, in 

incorporatinc clucose carbon into nrrino acids. Another 

intorestinc poi~t of fference beti-Jecn the Ehrlich ascites 

carcinon:a cell s o er solid t~;molTS is their higher 

incor~ïoratiot'J. of el~:cose into alnnine. 

Ar~:ir.o Acid Fo!'r::nt~or: t"'V rormal T·issues 

The arnino acid formation by l;.-ùay old chick 

en: bry os, rat br o. ir. cor tex slices, S2)leen, l:idney ~èortc:x, 
"---"'·~ 

li ver a,;:d ;::11- hour rceenero. tinp: li ver slj.c es \·rere deterrr:ined 

res:.ü ts are esented il~ Table II. 

Four-day old chick e:-r:bryos '.·:ere talŒn and put 

in to \{ar bure vesscls, after ':reichinr, th the incubation 



TABLE I 

AMINO ACID FOHMATIOr FROM GLUCOSE BY TIJMf7TR TISSUFB 

Ehrlich Ascites Jrovikoff 
Amino Acids Cells Ehrlich Solid Walker 256 Hepatoma Melanoma 

Glycine 41 !: 5 55 :! 5 78 t 8 77 :!: 9 29 ! 3 

Glutamate 211 :t 30 101 ' 6 25C ! 15 217 ~ 20 347 :1: 35 

Glutamine 1:11 n11 n11 !:il r:11 

Aspartate 56 ~ 8 24 • 2 66 :!: 4 100 :!: 15 121 ~ 12 

Alanine 495 :! 50 44 ~ 4 49 :! 3 169 :!: 18 126 ! 10 

Q02 7.8 4.0 5.6 3.0 4.0 

All results are expresscd as mp atoms glucose carbon incorporated / 100 mg. wet 

weight tissue. 

Incubation medium as described in ''Materials and Methods". 

out in an atmosphere of 02. 

{' ("' 
-· •. J '/ é'l'C t1:o ::vr :c·<~C · ;· : t J.ç':~s t fo· r· ( '.· ""' .... ,-, -r~ 

""~ "~ -' 

~. l' ~" ( .. .. J. 

All incuh"ltions carried 

' + 
0 
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r::ixt-;rc contairüng 5 ~ (~1~1_cose-·~-cl4 and ir:c\..l.hatl"d for 1 

hour in an the ir:cor!Jorat:Lor:: of glucose 

carbon into amino acic1s '-·'ere . . ' 
J.~:ea. All o t:i.s sues 

1·:ere sliced •:.:ith tlle help of a Stadie-Hirfs slicer and slices 

TLe results of Table II could be divided into three 

groups, with re cet to their activity in the incorporation 

of glucose carbon into ar::ino ac s. The first group co~-

!)rising the actively meta·bolisine; tissnes like chick err:bryos 

and rat brain corte:x sl~ces. The second c onsis tine of 

tissues hav:Lne; r:ediur: rretabolic act:Lvity likn in snleen 

and Jdclr:.cy cortex slices. er a ting 

li ver slices .vrhich have a very lo~·~ activity. 

T'loth chic:;: embryos rat brain cortex slices can 

incorpora te uer-se cr~r>on into rlut<:>.mnte, glutanjne, 

aspartate '( -Eninob,~tyric acid, b·ut nei ther of these tissues 

shm·.' 2ny 0~ of ~lycine fror: elucose. I t j_s hm·rever, 

S'l.rprising t thore is no incorporation of glucose C<'.rbon 

into alanine chidc er:bryo. 

Spleen and kidney cortex sl:i.c es incorpora te cl ucos e 

carbon into glutamate, as<mrtate and alanine t not into 

e;lycine or e;h.ttamL:e, or f -aminobutyric acid. LacL of 

on into the last mentior:cd ard1:o ac is not 

surprisir as i t is only fonnd in nr~rvous tissues 



TABLE II 

@D:O ACID FOHMATIO:. FROM GJ.CCOSE PY T'OHMAL Tissr·Es 

Amino Acids 

Glycine 

Glt.J.tamate 

Glutamine 

Aspartate 

Alanine 

Y -An;ino 
butyric acid 

Q02 

Chick Embryo 

Nil 

240 :! 25 

300 ~ 20 

100 :! 12 

1:11 

f:O ! 6 

3.2 

1 

1 

1 

Rat Brain 
Cortex Slices 

Nil 

1056 :! 44 

4lt-O ! 21 

122 ! 10 

190 ~ 11 

300 ~ 5 

10.0 

Spleen 
Rat ~e~enerating 

Kidney Cortex! Liver 1 R~t Liver 

Nil 1 1a1 T'il 1111 

259 ! 13 1 205 ~ ~0 3 0 :!: 2 1 40 :! 2 

Ni~ ril 

1109 :!: 8 52 ! 7 

I:il 1 ~:il 

1:11 1 r11 

1 82 :! 10 1 66 :! 4 1111 1 Fil 

--------1 

Tril 1!11 ril 1 ;~11 

6.2 13.5 j t,.o J ... 6.o l 
All re sul ts expressed as mp a toms elucose carbon incorporated/100 me. \-ret 1wie:ht tissue. 

Incubation procedure sar~e as indicated in Table 1. 

+ 
1\) 



Li ver anc~ re,::: cl~ cr.:-, tine Ji ver slic es sho·vr ir:corpora ti on 

into -.l tru:; a te cnly, tho':gh i t i s very mu ch lü':!er thar:. otLer 

tissues. j_s could be c::tw to tLe reason that most of the 

r;luccse in liver tissue r;oes to forrn clyco::en. 

EFFECTS OF V1\.RIOUr; CŒ1POUrDS ON AHINC ACID FORi1ATIOl~ 

BY TŒ1CUR TISSUES 

It is scen fro~ the results )resentcd in Tables 1 

and 11 that t'.anonr tissues in eeneral have a louer capaci ty 

for incorporD.tinr: 131 :co se carbon in to arr:ino ac ids, than the 

ti·.ro ac ti v ely meta bolisinp; tis s1ws na:rr ely ch id:: emhryos ar:.d 

rat brain cortex slic es. Eer.ce an attem:)t Tras rno.de tc see 

\1hetLcr prcvicl.inc: amino p:ro'.m donors or ~"yridoxal, vrLic h is 

inr:Jlicated tra~snrrin&tion reactions, co~ in.crease the 

levels of ü;corporC'.tior, into amino ac s by t'î.mour tisS'les. 

Effects of GJ·.t tm:. a te 

5!±.1 r,l·~tama te vias added to the incubation rr:edium 

L, addition to 5.mj gl· ,co se and results obtaincd vri th m·,rlich 

ascites cr-rcii:oma cells nnd lich solid tumour slices are 

preser;tcd in Tables III and IV. It may be o~sorved ttat 

the re is ! .o ef"-·ec t ·H}:atso0ver of ade~ cd rlu tama te nn tb e 

an:ino ncic1 forrr:atlnn by ei ttcr tun:ours. This r:ay be c1 ue 

to the :,os si1)ili ty tha t encurh extra c c1 J ular gl utan:a te cannat 

enter tYc tut:tcur tis s~ws .s.s secn îrcn~ i:11e results obto.i1~ed 

There is 



TABLE III 

EFFECT OF GI,UTAMATE on AMirO ACID FORl~ATIŒ: RY E'HRLICR ASCITES 

CARCINOMA CELLS 

1 5.!!f1 5.!!:1 Gl1 lcose-~'-cl4 5!!!1:1, 5!!1 Glutamate-u-cl1r 
1 + .. 
~ino Acids Gl -· c14 ucose-'.- 5!!t:i. ca . tarn a te 

11, Gluta:rr:a te-~~-c '1 5IDM. Glucose 

l 

Glycine 38 !; 2 Lt-9 ! 5 ra1 !Jil 

Glutamate 215 :!: 30 225 ! 40 547 :!: 67 
(65%) 

1397 ! 19 
(87%) 

Glutan:ine Nil n11 H11 r11 

As par tate 57 ! 6 51 ~ 4 227 ~ 39 128 ! 12 

Alanine 500 ! 49 600 :! 65 E11 Nïl 
---··~-- --·-· ·-·- --· -- ---

All resul ts expressed as mp atoms glucose carbon incorpornted/loo mG• wet '..rcir:ht tissue. 

Incubation procedure same as before. 

Figures in parenthesis re~·,resen t porc en t of tot ru. r, ln tamate-~r-cl4 in to th c cells 

remainine as c:lutamat0. 

+ i::-" 



TABLE IV 

EFFEDT OF GLUTAMATE or: AMINO ACID FORHATION PY EHRLICH SCLID 

CARCHTOMA TI SS 1TE 

5!!t[ 5mM Glucose-T~-clt1- 5mM Glucose-n-c14 

Glucose-P-c14 
+ + 

Amino Acids 2!rJM. Glutamate 51Il.M Glutamate 

1 

55! 5 51 ! 4 60 ! 7 j Glycine 

1 

Gllttamate 101 ~ 4 98 :!: 9 109 ~ 10 

Glutarr:ine ril !:il Nil 

As par tate 24 :! 2 22 :! 4 24 :!: 3 

Alanine 44 :!: 4 60 ! 7 39 :! 4 
-- -

Re sul ts expr cs sed us rap. a toms glucose carbon cor por a ted/100 mg. \·Tet 

weir:;ht tissue. 

Incubation procedure same as before. 

+ 
\Jl 

1 
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higher tra;-;s rt of [~1 utar:'a te in tLe ::resen ce of gl ecos e 

th ru-: .cre is nore brea1:doun of fl1:ta-

mate Hitho~.tt r,l~:cose, to cive aspartate, thnn in its presence. 

Effects of A:rr.rnoniur:: Chloride 

;;;rrects of various concentra ti ons of amrwnium 

chloric\ e on t incornor a ti on gl'wose carbon into arnino 

acids are ::,reser"tcd ir: Table V. 1 tr,'-1 J:IIlt-Cl gives a stimu-

lation of 29;;~ in r;lycir:c forn;E~tion \·.rl:ereas the incor·~loraticn 

into other 

nut tl:t: ccmcer:tn'ction of ITH1.~Cl is increased to ?.5 or 

5.0 r:~1, r,lycine fornr,tion is co:r.:'1letely inhi cc": and so is 

the incorpor:::. on of gluc;,se carbon into aspartate. 

the tior: of gll~tar:1ate rer::1ains about the sar::e as in the 

crr:trols, i: t!:e reser:ce of 2.5 T:':-1l~H4Cl, it decreases by 

about 42~) at a Di4Cl co ne entre. ti œ: of 5.0 ~· 

Effects of Pyridoxal 

Since !Y:elanor.:a ar;d Ehrlich s:·:lid tumeurs sbnu a 

lo1.rer tra;~san:inatj_ne activity tha~1 T-.:1-.rlich ascites cells, 

i t 1:Ir:.s t1-:oD.[~ht to 1~·e of interest to see vlhe r supplying 

pyridoxal vels of arrino ac s in tt~e se 

turr:ours. 2 f11 '!JYridoxal vras used in the presence of 5 .mH. 

It can be seen frorr: Table VI 

thnt in tbe cnse of melanoma there is about 37% increase 

in glycil:e formo. ti on accompanied th a decrease of 33% 



TJ!Lg V 

EFF:fiXT OF AMMOFil'M CIILORIDE o:· AMI:' 0 ACID FORMATI or BY :El!RLICH ASCITES 

CARCTI'OMA CELLS 

5l!t1 5.!!!:1 Glue os e-u-c14 5rnM Gluco s e-r -cl4 5'm't1 GhlCose-u-c14 

+ ... + 
Arni no Ac ids Glucose-u-cl1

t lEM. NH4Cl 2. 5E!i NII4 Cl 5~ 1;H4Cl 
---

Glycine 41 ~ 5 78 ~ 10 Hil Nil 

Glutamate 211 ! 30 232 ! 31 245 ! 20 109 + 9 

Glutamine nil Nil !'al 1~11 

-
Aspa:rtate 56 ! 8 48 ! 6 lTil !:il 

-
Alanine 1+95 ~ 50 53ll- ! 29 547 ! 50 r;11 

1 1 

All results e;rpressed as mp atoms of elncosc carbon incor 

tissue. 

nted/100 mg. wet weirht 

Incuhation r~cdia smr:e as be fore. 

+ 
--..::1 

1 

J 
1 

1 



l'APL:~ VI 

EFF~·:CT OF PYIUDOXAL CN Av1Hl0 ACID F0:111ATICN 1lY TtJMCURS 

Melan orna Shrlic h Sol 1 d 'l'ur.: our 

5m1 5E.tL Gl ~:cos e-1· -c 1 L+ 5!tl. 5~ Glvcose-U-C 1 L~ 

Glue os e-r-c14 
• 

Glt;.cos e-tr-cl4 
+ 

Amino Acids 2!!!:1. Pyrido:xal 2!Ef:i Pyrido:xnl 

Glycine 29 ! 3 40 ! 5 ~5 ! 5 17 :! ? 

G 1 ~~ tarr,a te 347 ! 35 150 ! 11 101 • 4 70 t 6 

Gl~l tamine Hil Nil Nil 1:11 

Aspnrtate 121 ~ 12 80 ! 6 24 ! 2 30 ! ; 

Alanine 126 ! 10 180 ! 20 44 2: 4 20 j 2 
--- ~ -----

All results are e:xpressed as mp ato~s of glvcose car 

weicht tissue. 

imcorporateè/100 mg. wet 

Incubatior. procedure s~me as before. 

+ c.o 

' 
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and 56% in the incorporation of gl~1cose carbon into asparta te 

and glutamate r esp oc tj_ v ely. i\lanine increases by about l.~2% 

in the rœesenc e of 2 m!1 pyridoxal. The results obtained wi th 

Ehrlich sol tumour slices are quite different from the ones 

obtained \·li th melanoma. There is lo,.,rer incorporation of 

r;lucnse carbon in all the amino acids in the presence of 

2m·1 pyridoxal. 

Bffects of Sodium Bicarbonate 

The lo·H incorporation of gl'_lcose carbon into amino 

ac ids by tumours could pos y be due to a ft in intra-

cellul2r pH o-v!i.::f; to a hir,h amount of lactic acid rrod"t;ction, 

vrhich may not be talc en care of by the phosphc. te buf fer. 

Renee sor5ium bicarbonate v.ras tried at various concentrations 

in the presence of phosphate buffer and the results are 

presentcd Table VII. 

It is sem frOJr; data that the formation of 

glycine ar,d alanine are completely inhi bit by all of the 

tllree concentrations of NaHC03 • Aspartate remains unaffected 

in the presence of O. 5rrZ·1 co ne entra ti on of HaHC03 but i t is 

inhibited by 1.0 and 2.0~1 conc~1trations. }1\.:'lximum i.r:c rea se 

in the incorporation of elucose into glutama is obtained 

in tLe presence of o. 5rrt1 NaHCO":l.• If ·vre exomine the amount 
'-" 

of incorporatior~ of glucose into lactate, which of course is 

not very r able as lactate lea}~s out into the mediurr; quite 

readily, i t vJOuld seem tha t the re is an increase in the lev el 



1 

~ 

TABLE VII 

EFFECT OF Na-BICARBOl:ATE 01:- AMD:O ACID FORNATIOr BY EHRLICH ASCITES 
cAnc!NOi'fA ëELLS 

--

Amino Acids 
5!!!:1. Gluco se-tr-cllf 5.ml:l Glncos e-t:-cl4 5t'l.M Glucos e-u-cli 

5mt1 Glucosc-r-cl4 
+ ... • 
O. 5.mJ:l NaHC03 J.â1 NaHco3 2.!!:!1 N aH Co, -

Glycine 41 !: 5 ra1 !:il Nil 

Glutamate 211 ~ 30 400 !: 50 340 :! 25 260 ~ 30 

Glutamine l!il 1:'11 Nil Nil 

As par tate 56 !: 8 60 :! 6 Nil nil 

Alanine 495 :! 50 'Nil !Til Nil 

Lactate 950 ! 80 1440 ! 150 1700 ! 125 1860 :t 185 

All results are expressed as rnp. atoms ehwose carbon incorporated/100 me. wet '\·Teight 
tissue. 

Incub8 Drocedurc same as before. 

\J1 
0 

1 
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of e;l~lcose carbon i!'corporrüion to lactate \·ri th inc rea sc 

in bicarbon cor::.c entra ti on. 

Discussion 

It is ev1dcnt from the resu1ts :;resentcd above1 th:t 

tumm2r tissues, irres~ective of tbeir s1te of origir:, in-

corporatc case carbon into the sanH? nmino acü1 s, although 

tl:.ere may be quantitative difference beti·reen tnmol·,rs. 

Al thouc;h neo plastic tissues arc fast vrouinr, their efficiency 

of amir:o ac forEa ti on from glucose is much la.·Ter than slo,..r 

gro\·Tine: tissues lilce brain cortex or even a fast rrmri ne 

tissue ljJ:c cldck embryo. This observation regardine lovrer 

capability t:.mnnr tissues to synthesise amino acicJs is in 

re ts obtained by Busch (1955) in his studies 

in vivo l·.rith elY· lr~belled acetate, pyr1~vate and succinate, 

1-rlll::re he r ortcd a lm.'er level of incorporation of c14 into 

gL:tam2 te, tate, and al an in e by tumonr tissues trLJ.n by 

the ir normr:..l count erpart. The lm~ ill vitro activity rcnorted 

e.bove doe s seem to be due to 1ack of endogcnons amino 

acids for sarlinntion vritho(-keto acids, viz. pyr1 lVate, 

o( -keto el':.tarate or oxalacetate. This is qu:i.te evic1ent 

from tl:e rc!sults obtained in the }1!"ESence of added clutamate 

in the modium. AlthO'lfh the an;ount of glutamate tra'1sported 

into the tiss~~es is not very hich, yet if there vias a 

deficiency of amino proup donor for transaminati:·:g system 

tl:lis lm·J amount of gl-:1.tamate should have given higher 
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incorporation into aspartate, thro~Jgh glutamate - oxalacetate 

tro.r:saminasc and also thcre shou1d have 1:ecn hieher J.evels 

of ni:1e, tbrour;h gl,ltamate - pyr;1vate transa:r.'linase. But 

tt cre no cHf renee observed hetHeen the control and 

stcrr:, t:h erei'Y shm·Ji.tî~ that lm,r ac ti Yi ty of trans-

atioL is not due to lack of gl~l tama te or the amino r:roup 

donor. It coule: be are;ucd t probaTJly the tumeurs cannat 

1.~ tilizc bouncl group of ami no ac s and tha t they nny need 

free m;:ino group for tra:t sarlinase ac ti vi ty. This possi bility 

could so ':~;e ru led out fro.rn t1: e re sul ts obtnincd v:i th 

\>Jith increasing co.:ccer:trntion of 

c~J::mon chloride, the amino acid formation seer:rs to ret 

lm·rer, excGpt in the case of g1ycine vlhich shovrs an increase 

f n9o1 • o o ~'' 1n th an increase 

in c :2ccr:tra on of rR4Cl to 2.5!!:[1 ot 5.0~, r;lycine is 

cor:~pletely inhihited. The inhi bi tory action of hir;her 

concentra ti r::s of riit1.Cl might be due to a taxie eff ect of 

rHl+Cl on the t s:1e s. The effec t of pyrido:r al or. the two 

tu.mours used indicates tLst in melanoma, tlüs cofactor ba.s 

sor':e cffcct on the g cine and alanine production ·t not 

or·. utar::ate or as~1 artate, but the sarr:e is not trœfor Ehrlich 

solid tumour. Tb increase in ;::;lycine CL.'ld alanine formation 

in :melo.noma may be duc to sor:1e effect on the glycolytic 

p<::.tb:ay. But the ci tric <J.cid cycle do es not s een to be 

affec In conclnsion it may be sa that the lower 
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capa bi li ty for incorpora ting glucose into ami no a cids may 

not be due to lad: of ei tller an:ino croup dona tor or cof ac tors 

but it mir;:ht Hell he due to a slm..r operation of the ci tric 

acid cycle. 

The effect of socli,Jm bicarbonate on the arnino acid 

formation is quite interesting. Althour,h bicarbonate 

apparm1tly increases e;lycolysis, as seen from thn increase 

in luc tate -:-œoduction, i t SU}lpresses g1ucos e incorporation 

into ~ rdnO s. riss en (1960) hES ShfYHn th:"l t increased 

C02 tension lowers the forr:a tian of oxalacetate in i{hrlich 

ascites cells and th~.1s ir:terferes ,..n_ th the o;)eration of the 

Tricarboxylic acid cycle. Hence i t may be possi b1y due to 

the above-men tion.ed :'henomenor.., that there is a cor:::plete 

inhibit n of nrr:ino acid formation at higher concentrations 

of r;·aHC03. 

There are tvro i-Jell-marked r1ifferences betueen the 

tumour tissues us ed E'illd cr.ick embryos or rat brain cor tex 

slices; '\>Jl:ereas both the norm tissues have qu a high 

incc:rporation of glucose into g1'.ltar;:inc, there is no indica-

tion of tl1e sarr:0 in the neoplastic tissues. Th:Ls resul t 

can be subs tiated vJith the finàings of Simonson and 

Roberts (1960) and of. Kit and Grn.ham (1956) '!,·!ho viere not 

able to detect any r,lutamine in tumours either 1!1. vivo or 

in vitro. This lack of r,lutarrine could be d':e to the 

!Jrese:lce hirh fluter.ünase activity reported by Rabinovitz, 
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Oison and Greenberg (I956), or it rr.ay even be due to a Io.ver 

syntLesisinr; capaci ty of tnmmll' s report by '\:Ju and DatT 

(I960). Result s ~:resented Inter in the thesis may tend 

to ic[;.te thn t tLere r::ay be higher breakdmm, rather t11an 

IovT synthcsis of gl~itamine. 

The otlwr point of difference hetVJeen the tuo 

r::.orr.-:G.l tis so ~es used, nrun chick embryo and 

brain cortex slices ar:d the tumour t Sl~es, is the clycine 

for on ~,y q neoplastic tiss,;es ancl its absence in 

normal tissues unè.er our concli ti or:s. It is quite sur-

ising tha t al tho<'f.h l:i t ( 1955) re'Jor ted inc or nor a tinn 

of ncetatc-:-'-cl4 into both serine and 17,lycinc, ·He in our 

e:xperimcn ts failed to detcct any serine. This reir,r~t be 

~use tLe spots o:c~ g1ycL'1e and serine cnme very near to 

otl:.r:r ir~ tLe solver:.ts used. 

Only one aspect of difference behreen normal 

neoplc:stic tissues, nan:ely la glutamine forir:a tion 

by t·nr.uur tiss·;es is studied to srrr.e extent and j_s 

r ted in the subsequent chapter. The implication of 

this phenoJ:cœ-:or; on r:orr.1o.l tissues (brain cortex slices) 

in vitro is also renorted. - " 
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SUMMARY 

1. Ehrlich ascites carcinoma cells, Ehrlich solid tumeur, 

melanome, Novikoff hepatoma and Walker 256 carcinosarcoma 

have been shown to form glycine, glutamate, alanine and 

aspartate, from glucose. 

2. Rat brain cortex slicas and 4-days old chlck ambryo have 

been shown to produce glutamate, aspartate, glutamine and 

~-aminobutyric acid from glucose. Whereas the rat brain 

cortex slices show incorporation of glucose carbon into 

alanine the chick embryo does not. 

3. Spleen and kidney cortex slices show incorporation of 

glucose carbon into glutamate, aspartate and alanine. Rat 

11ver and regenareting rat liver slicas do not incorporate 

glucose carbon into any ether amine acid other than glutamate. 

4. Add! ti on of L-glutama te, ammonium ch lor ide or pyrldoxa l 

to the medium does not increase the incorporation of glucose 

carbon into various amine acids by tumour tissues. 

5. Addition of sodtum bicarbonate to the incubation medium 

increases the glycolysis, but decreases the formation of 

amino acids from glucose by tumeur tissues. 
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CEAPTER II 

EFFECTS OF TIT't-10-'R TIS~~~E or; GI/'TAHH;E FORMATICl~ 

FROU GLTTCOS E RY RAT BRAI1: CORTEX SLIC:SS 

IN VITRO 

INTRODUCTION 

The effect s of t:u:.our tissues ôn the free gl ut amine 

levels of dif forent tissues of t~tmou r-bearin c ani mals ho. ve 

been a subject of some study. \4hite et 2_l. (195'1~) reported 

a change in the levels of gl utan:ate and glutamine in the 

plasma of rats benrinr; rovikoff hepatoma œ:d metl~ylcholan-

tt..rer.e induced tumnurs. Ttey found an increase in the 

amount of plasrra r,1utar::ate id. th a concomitar.t decrease in 

the level of plasma clutarr:ine. Clinical r œ' ts have also 

sLovm a r::rontly reduc co ne entratic,n of g1t: tnrr:ine in blood 

plasma of ;a tien ts suffer in;: from lyrnphoblast ic a.'1d c hronic 

lyrnphocytic lell;:emias ( Ro,~ser 19 57). Recent studies of 

Simonsen and Roberts (1960) have indico.ted a decrease in 

free clu:tamine levels in both muscle nnd live.r of mouse 

bearinrr Ehrlich a sei tes carc in orna. Similar re sul ts vrere 

also obtained, by the sare a~tthors, in cases of rats bearing 

Hurphy lymphosarcoma or 1'1'!a1.ker 256 carcinosarcoma, Hu and 

Baur (1960) have observed a progressive decrease in the 

concentrations of free r,lutamine in nlasrna, liver and muscle, 

wi th increase in the size of \•Jnll-::er 256 carcinosnrcorr.a in 
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rats. They have a seri bed this decrease to a reduced synthesis 

of elutrudne. Therefore, i t appears th at the presence of 

t~;.mours in the animals depletes the host tissue of r;lntami.ne. 

It \fas therefor e of interest tn see if the srure effect could 

be o bt:üne,:; I·TLen rat brain c O:i' te:;: slic es, a TlOtent ·:>roduc er 

of r:l~:tar::ine (c>.f. Table II), are incubated in the presence 

of tumour tis S'.e s in vitro. 

The results ~resentcd in this chapter confirm the 

findi;Jr,s in vivo and a y1ossi ble mechani;;rr: for this nhenomenon -- . 
is dis cussed. 

Arr.ino AciC:: Forr.na ti on from Gl'1co2 e by Tissues from T~ormal and 

Tumour-be2.rinfl' Rats 

Brain cortex, sple~1 and kidney cortex slices, from 

norn~al anc"l rats bearinc liquid hep<: torrw, -v:ere ex8J:".ined for 

amino o. cid forma ti 011 from gh~cos e-~' -cl4 ( 51!!!1) in vitro. 

It is seen in Table VIII that the presence of 

hep~~torna increases tLe forJr.ation of r:l<.ltaT:1a te and aS!lartate 

from elucose by brain cortex slices, by 39% am 73% res-

pecti vely, and decreases the inccr;-Jor a ti on of glucose carbon 

into r:lutamine ''Y 25%, \·Then com!)ared to the values obtaiw~d 

from tLe bro.in cortex slices from norméll rats. 1~o sig-

nificant difference in the formation of alanine or 

Y-amin~butyric acü1, frot:ï glucose, was found in the 'bro.in 

cor tex sli ces from tumour- bearinc rats. 



TAJ\LE VIII 

AM INO ACID F'ORMA1'I 0!: FRO GLUCO~F. BY TIS S FROM rOR'MAL AND TIATS 

BRAR:C~G LIQUID ::OVIKOFF HEPATCMA 

Brain cortex slices Spleen slic es Kidney cor tex slic es 
lùnino Acids 

' 
Œ~orr-,al IIepator:10. T~ormal Hepr~torna J;ormal Ee}1atoma 

Glycine l'il r:il :~il r11 r11 !'il 
1 

Gl·ltamate lOtJ6 + 44 
' - 11~75 ~ 24 256 :! 8 258 :! 6 200 ! 5 92 !: 3 

Glutamine 4t~o .!: 21 333 :! 6 !:i1 !:il ri1 1a1 
j 

Aspartatc 1?2 :! 10 2 :! 12 lll;. ! 5 127 ! 2 50 .l 2 33 :! 4 
i 

Alanine 190 ! 11 185 .: 10 R2 :! 10 117 ! 3 68 !: 2 76 ! 5 
1 

J'-amino 
bu tyric a cid 300 ~ 15 300 ! 12 r11 n11 nil !~il 

Q02 lOoO 10.0 5.0 7.0 13.5 12.0 
j 

-

Al1 res·:lts are 
wei tissue. 

res;;ec"i as ~ é,tor:~ of ,r;lucose car~·on incorporo_ted/100 rr.g. uet 

Incuba r.:e,:ill.r" 
.s do~e 

saf':c: as p-ivPn 
''7'eser:ce of 

tr-·<'..terin1s 8." 'cthods", 1:IÎ th 5m~· ~1 C'"'Se-·'-Cl4. 
:ure 'Y;.~yper: -;Jhnse. \..!\ 

cu 
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The incorporation of r:lucose carbon into glUtamate 

ar~d nspartate in spleen slic es is not affected by the presence 

of t'lmour J::n .Yl.:Y.2, b"t the forrw_tion of alanine is increased 

by 1~0% in the spleen slic es of tumaur-bearing animcls. 

\vith the kidney cortex slices the results are 

Opl!OSite to those obtaincd vlith srleen. Kidney cor tex 

slices from t<~mou--·- bearing rats show inc reased incŒ'}Dration 

of e;lucose carbon into e;lutamate and aspartate by 52% and 

34% respectively. There is, hat,.;ever, no difference in the 

forma ti on of alanine bet\vecn normal kidney cor tex slices and 

those from rats beur hepatorr:a. 

Effect of !furlich~ites Carcinoma Cells on Amino Acid 

Forr;D. ti on from Glucose b:z NorFnl. Ro.t Brain Cortex Slic cs 

in vitro. 

The data obtained ,,ri th rat brain cortex sl ic es 

indicate th<• t tlle presence of tumour la.,rers the incorpora-

ti on of p;1ucos e carborl in to ;;1 ut amine, henc e an effort '"as 

r::~ade to find out tLor there ,,rm.üd be any effect of hunour 

tissues on the ;::lu tamjne forma.ti on from glucose by brain 

cortex slices iLl vitro. 

Braifl cor tex sl ic es from normal rats vrcre in-

c-~bated for 1 hour in the ;:Jresence of ~~hrlich ascites carcinoma 

cell susponsions with 5n!l clucosc-T--c14. At the end of the 

inc1.ibation period the brain cortex slices were rer:oved, 

riLsed in chilled distilled l;J"ater and the ami.r:o acià s formed 
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Horc deterrdr:ecl. The Ehrlich a sei tes c elis vere analysed 

cir 31:1ino ac }Xl tterns frorr: clucose. In 

nll subscoucr.t èiscu:;sion of rosults the increase or de

cre~;.se is in relation to the values ohtainec3 from the 

experir.:e:~ts uLere tLe hw tissues Here incubater1 separately. 

I t i s s een fr on; Ta ble IX tha t the lev<ü of in-

cor:Jor atioL of glucose carbo:.i in to .c:I utm::a te as na rtate 

in e br air: cor tex slic es is unaffected by U:e pre sene e of 

Ehrlich nscites cells. However)the presence of carcinorr.a 

cells dccrenses tl:e foTmr ti on of elutarr:i•:e_'l fr0m flUCOSO by 

brain cortex sl es,by nearly 50%, and incrensos the in

cO!'')Orat:i.o~1 into e.l;:nine 1;y 155%. 

On tLc other hrl.nd, the~ esenc e of brain sl ic es 

pro duc es an increased in cor?) or 3ti on of elue ose into r;lu tœr.a t.e, 

aS''él.rtate <:mc" alanine nf tumour cells by 272%, 28% and 63% 

rcspocti vely. 

into clycir:o. 

There is, hm··evor, a decreascd incorporntion 

The inhibitory effect on r:lutamir.e formation from 

r,J·~cose by the r~ü brain cortex slices is lost \·rhen Ehrlich 

ascites cel1s are Leated for 10 minutes nt 100oc before 

incuh,~tion. 

In anotbT set of experirr:er;ts ascites cells viere 

disrnptcd by repeated freezi and thnvring and tb e S'1per-

.r:n tant fl:lià 'i>J.:cs incuba tcd ' . .ri th rnt brain cor tox s1ic es. 

TLe results obtair~0d are roported in Table IX. Brain 



TABLE IX 

g}<'FECT OF E.ERLICH ASCITES CAHCIN0}:1A CELLS œ~ TIIE AJU!-:0 ACID FORMATIOn BY 

RAT BRAIH COR TEX S LI CES 

punino 
Ac ids 

Ehrlich 
Ascites 
Cells 

Brain Cortex 
Slices 

Brain Slices .a. 
Ascites Cells 

Heated Ascites 
Cells 
.,. Brain Slic es 

Brain 

Soluble 
fraction + 
Brain SlicŒ 

Brain Ascites Cells Brain 

plycine ll1-l !: 5 1~il l!il 26 ! 4 Uil Nil 

+------+------+----------1-------+-----··----+-----------+--------
pl:.J.tama te211 :! 30 

! 

~}lutaminillil 
1 

!Aspartat~ 56 !: 8 

!Alanine P+95 :! 50 

ty-amino bu tyr. ic 
lacid 1 nil 

~02 7.8 

1056 ! 411-

440 :! 21 

157 ! 12 

190 :! 11 

300 ~ 15 

10.0 

1065 ! 25 

220 ! 5 

172 ~ 21 

485 ~ 10 

410 ~ 10 

1042 

785 ! 25 1190 t 35 1383 ! 58 

!Jil ll-27 ! 22 298 !: 25 

70 ! 5 245 t 20 207 !: 22 

805 ! 60 265 ! 15 267 ! 9 

1a1 270 .! 15 228 ! 19 

9.5 9.~"' 

All results arè expressed as r.>/J. atœ.s of elucose carbon incorporated/100 mg. ">ilet ueight 
tissue. 
Incubation mixture as before. nrain Cortex slices 1:lere incubated in the p:resencc of 
Ehrlich Ascites ce11 suspension for 1 hour tben cortex slices arH1

, Ascites ce11s -vrere 
separately analysed for arnino acids. 

0\ 
~ 

J 
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cortex slic es shovr an increase in the incorpora ti on of 

elu co se into e:Jutama te, aS!)artate and alanine by 30%, 31% 

and 40% respectively. But tl: e forT!".a ti on of glutamine 

fr on: g11:co~. e i s decrcased by 48.%. 

Effect of Solid Ehrlich Carcinoma 

In view of the results obtained Hith Ehrlich 

as ci tes c&rcinoma cells i t was though t of in tere st to see 

if the reduction tho formation of gln tr-illline fron: r;l ucos e 

by brain corte::: slic cs c ould als o be brnueht about in the 

)res enc e of so lid t-umou rs. 

It is seen from the results in Table X that the 

incubation of brain cortex slices '.-r.ith solid Bhrlich tumour 

slices causes a decreasod forma ti on of glutamineJ from 

glucose_, by 66% in the brçdn slices. The glucose incorpora-

tion in to c;lutarr.a te and as'larta te of brain cor tex sl ic es 

reJU'.Llns unchanced but the incorporation into alanine increases 

by 37%. 

Just as the Ehrlich as ci tes cells, the sol id rlich 

t:u:nour slic es sho• .. : an crease ln the forrration of clutarr'ate, 

frorr: glucose, by 221% &nd of as})ar tate and alD.nine by 25% 

and 38;, re ti v ely. Glycine farr:-a tion i s inhi ri ted by t:-3% 

in tunH)1Jr slices. 

Ef 'ec t of vJa 1 ker 256 car ci nosarcoma 

effect of HaH:;e r 256 carcinosarcoma sli ces on 



TABLE ..,!_ 

EFFECT OF EHRLICH SOLID CARCINOMA SLICES rn AMIYO ACID 

FORHATIOI; BY RAT BBAI!! CORTBX SLICES 

Amino Acids 

Glycine 

Glutamate 

Glutamine 

Aspartate 

Alanine 

tt:amino 
butyric acid 

Q02 

Tumour 
Slices 

55 ! 5 

101 :! 3 

1~11 

24 ... 2 

44 ! 4 

1;11 

4.0 
. 

Brain Cor tex 
Slices 

Nil 

1174 ! 70 

389 :! 9 

149 ! 10 

200 ! 15 

300 ! 15 

11.0 

~our • Brai~ Cortex Slices 

Brain Tumeur 

lJil 31 ! 1 

1037 ... 24 325 ! 20 

234 ! 6 llil 

156 ! 4 30 :!: 3 

275 ! 12 60! 2 

360 ! 15 !Til 

6.0 

All re sul ts are expresseù as np ator:1s ?l':cose carbon incorporatcd/100 me. 
'l.·ret 1:eight tiss:1e. 
Inc,;1;n ti or:. technique s<:rr;e ns in Ta ble IX. 

(j'\ 
w 

• 
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br air ... cortex slic es are si!T'ilar to the on os obb;.iï:ed ·Hi th 

the tHo ty·~)OS of neol!lc.stic tissues re;wrted above. 

Drain. cortex sl ic es s!-:.o-w a decreased incor por o. ti on 

of r,lucose carbon~ into r;lutmüne of 47% (Table XI) in the 

presence of t'Llmour tissue slic es. There is, hov.rever, no 

effcct on the îormr:::.tion of r;lutamate or as~)artate from 

flucose, but alanine vJD.S increascd by 25%. 

Tumour slic es on the o u~er hand shm1 an ir:.c rea se 

ir: the ir-.e::>r-:>oration of glucose into r;lutarr.ate, aspartate 

and alanine by 212%, 139% anc: ?9% res}xo: c ti v ely. Glycine 

formntion from t:lucose is com}!letely inhi1Jited d'lle to the 

pre sen ce of brain cortex slic es. 

Effect of r;ormal Tissues 

Having observecl the reduction of formation of 

gluta'YIÜ:c in the presence of tumour tissues, i t deemed 

interestinp; to find out if this phenomcnon v.ras cLaracteristi c 

of only neoplastic ti:;sues or any other normal tissue vmuld 

r;ivc a shülar ;Jicture Hith rat ()rain cortex slices. In 

Ch2.pter I (c.f. Table II) it ':ras observed that like tumour 

tissues, 1~oth s:;leen and 1dCney cortex slices failed to 

sho'.T any incorporc_tion of cl:1cose carbon into glutarrill.e. 

Hence these tissues "\Tere clwsen to st'1dy effects of normal 

tissues on r;l1~t<rrr.ine form:" t ion from c;lu cos e on rat brain 

cortex slices in vitro. 



' 
TABLE XI 

EFFECT OF WALKŒ 256 CARCI?~OSk1CO: A SLICES or AMT:'O ACID FORMA TIC!! 

BY RAT BRAIN CORTEX SLICES 

Tumour • Brain Cor tex Slices 
Tumour Brain Cortex 

.Arrlino Acids Slices Slices Brain Slic es Tu.mour Slices 

Glycine 75! 8 I:il r11 Nil 

Gluta:r:;ate 250 ! 15 1056 :! 44 931 ! 10 780 t 28 

Gl~:tamine lJil 440 ! 21 231 ! 4 Nil 

Aspartate 66 ~ 4 157 :t 12 148 + 5 158 ! 3 

Alanine 49 ! 3 190 :!: 11 239 ! 6 90 :!: 12 

~amine 
b'~ tyric ac id r11 300 ! 15 265! 4 Nil 

Q02 5.6 10.0 9.5 

All results are oxpressed as rrJl ntor1s ;-1lucose c incor'!oratcd/100 • 
wet weight tissue. 

Inc·;ba ;1roc :re s<:L e :::.s ir;. e IX. 
(J\ 

\J'\ 

1 
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.F:ffcct of Rat 1\idney Cortex :::licE:'s 

T1~~o effects of ldôncy cortex slices on rë_t brair: 

cortex slices are reported in Table XII. 

It is seen from the to.ble tha t the presence of 

tl.e kiüncy cortex sli.cos have a stimulc.;tory effect on tl;e 

orpor< tien of rlncosc carbon to tJ,c ar~ino aci<"ls of 

rat brain cortex slices, exc t the case of ~-arr ino-

of t:J.·ttar:Jinc frorr: r,lucose under such conditions, Unlikc the 

t ' _:] . th 1 t• t' . . ~ b re s ooserveu_ 1.n neop <:.s 1c 1ssues, lS 1ncreasec y 

Effec t of Rat '";ple<2n Sl~ 

It is scen from results presentcd in Table XIII 

t11at tho escnce of s'lcen slices no sienificant effect 

on fOI'P'Rti OD Of cJ.utarrJ.ne' from 'Cose, by rat brain 

cor· tcz sl1c cs. 

From the results obtained on the effects of varic::'s 

tissues ·cE the gl~ :cos e car:,on cor:pora ti on in to r:lut ardne 

by brc:ün cortex slices in vitro, it ap;.,ears that the 

decrensed lovel of incorpor<:; on of uc ose in to c:l ut wr in.e 

by bra tissue i s broue;ht about b:· t~:;.mo'œs only and is a 

clmrac teri sti c of tu mo ur tis S'tes. 

Various fc;.ctors 1~·ere invcstir,atcd to find by 1tJhat 

mccharnsm tumour cells broncht abnut tLis decrease in the 



TABLE XII 

EFFECT OF RAT KIDl;EY CORTEX SLICES or MUNO ACID FGRMATIOJ:': BY 

RAT P.RAir CORTFJ{ SLICES 

IAmino Kidney Cortex Brain Cor tex Kidney Cortex • Brain Cortex 
Ac ids Slices EJlices Brain Kidney 

Glycine lill 1:11 T;il 1T11 

Glutamate 205' :! 10 992 !: 61 1265' ! 65' 430 ! 15' 

Glutamine Nil 400 :! 22 440 ! 5' !Til 

IAspartate 5'2 '! 8 1 40! 6 212 ! 12 80 ! 4 

Alanine 34 ! 2 164 ! 14 436 ! 18 70 :!' 6 

far.lino 
tyric aci.d l!il 25'6 ! 8 180 ! 20 Nil 

Q02 14.5 10.0 12.0 

All resuJ t.s are expressed as rnp ator:s glucose carbon incor 7 10llted/100 mg 
wet weight tiss~e. 

Incubation procedure sar::e as in Table IX. 

1 

(J\ .._.., 



TABLE XIII 

EFFECT OF RAT SPLEE!T SLICF.S Œ: AMI1~0 ACID FORMATIŒ7 BY RAT I\RAI!~ 

COR TEX SLICES 

Spleen • Brain Cortex S1ices 

~ino Acids Spleen Slices Brain Cortex Slices Brain Spleen 

Olycine 1;11 1a1 I;ïl H11 

~:nutamate 259 ! 13 1174 ! 70 1081 ! 109 400 ! l~O 

Olutamine Nil 3e9 ! 9 360 ! 10 1;11 

~spartate 109 :!: 8 11? ! 10 187 :!: 10 121 ! 3 

~lanine 82 ! 10 255 ! 35 376 ~ 20 60 ! 4 

1(--arrino 
[butyric acid Nil 262 ! 11 216 !: 16 1711 

Q02 6.0 11.0 9.0 

All re sul ts exp res sed as mp. a ton:s elt:cos e carbon incor:)or ated/100 me. 1vet vreie,ht 
tissue. 

Incubation techniques as described in Table IX. 

0' 
:::0 
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incor~>ora ti on of glucose carbon into glu tarr ine by rn t brain 

cortex slices vitro. It nossible that this apnarer1t 

decreased formation of glutan:i~:e from r,lucose, may be cansed 

by a leakae;e of Ud s ardèl e froD the brain t iss~le into the 

surroundinc medium rather than a :'nrtial inhi't:ttion of 

syntl:esis. Tlüs is substantin ted :ly the observat ns th'l t 

\·ri th a decrensed formé~ ti on of f'l1' tarn ir:e in brain slices 

there \vas a C'>ncomitant increase in t:tmnur glutamate and 

Fror.:. ttc experimen ts \.Ji th effects of boiled ascites 

cells œ:: brain ic es i t is evic~en t that the glutœ:ine lc'\ver-

ing :""lhenor::enon is linked wi th via bi ty of the cells or in 

other \wrds, linl-;:c:cJ -vrith sorne cnzymatic 11rocess. It has also 

been si,m·m above the activi ty is located in the su~)ernatant of 

the di sru::;ted nsc i tes c ells. W::~rb'T g a'l.d otl·er v!Orl:ers hD.ve 

shm·rr that tu:r.lOllT has n very high rate of aerobic ~lycolysis 

and that tun:.our tissues can utilise high amounts of r;lucose. 

Bence the first possibility tried ,.ras to see \-rhether the 

glutlli:line lealwpe from the brain cortex tissue,.in the nresence 

of neo s tic tissue migh t l1e d "le to a la ct of e:l '~cose for 

proprr metabolism of brain tissue s1ic cs. 

Effect of variou s conc en trutio~1s of Gl·1cos e 

The effects of various co ne entrations of glucose on 

amino acid forJTation are renorted in Tables XIV, XV and XVI. 
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In the pre sene e of l!r!l1 gl1:cos e-"-c14 the re is a 

decreased incorrJoration of glucose carbon into all the amino 

acids in both turnour tissue as well as the brain cortex 

slices. The presence of Ehrlich ascites cells decreases 

the formation of gl':. te.r;ine from glucose by ('1% and creas es 

the alanine by 76%, b-:t the incorporation of gluc'·se into 

gl1:tar:;<::;.te and aspartate are unaffected (Table XIV). 

On the other hnnd, und er the sru::e conditions, Ehrlich 

ascites cells shOI·J an increased incorporation into g1.utar-.ate 

and as;_;arta te by 98% and 30% respe cti v ely. Ha . .; evŒr , alanine 

formation from gl'i.COS8 f:,OCS down by 36%. 

In the presence of tumour vii th_,3rr;tr1 glucose-H-c17 the 

incorporation of glucose carbon into zlutaminc rocs dovm by 

44%, 11hereas the formation of alanine goes up by 144% in 

the brain cortex slices. Tf,ere is , hmv-ever, no r hang e in 

the formation of e;lutama te and aspartate from gJucr:se, by 

the brain tissue. 

Tumour cells under similar candi ti ons show an ir:-

creased formn tion of gl·:tama te, as;;artate and alanine by 

nearly 190%, 50% and 51~; res..,ectively. Hovrever, the 

formation of glycine in tumour cells remains unaffected by 

the presence of brain tissue. 

Resul ts ottained with 5mH el'Icose are similar to 

the ones described before (Table XV). 



TABLE XIV 

EFFECT VARio~rs CCNCENTRATIO!'S OF GLUCOSE 0
,. 
J, AMirO ACID FORMATIOn OF 

Eh'RLICH ASCITES c:~LLS AiJD HAT BRATI7 CORTEX SLICES 

1.~ Glucose 3.0mM Glucose 
Ehrlich Cells !Ehrlich Cells 

+ Br~in Slices .a. Brai r: Slices 
~ino Ehrlich ~rain .Ehrlich Ehrlich Brain Fllrlich 

Ac ids Cells Slices Brain Cells Cells Sliccs T-ira in Cells 

ply cine 13 ~ 2 Nil Nil 11 !.' 1 12 :! 1 Hil Nil 11 ! 1 

Plutamate 71 ! 2 406!11 367!14 11J-1:t 3 51 ! 4 495:!:15 481!12 148! 8 

plutamine Hil 75! 5 lit- :!: 2 ril r11 139! 5 77 :!: 4 i:il 

~spartate ~ 3 112:!: 7 111:!: 8 17 ! 2 20 :!: 3 R3 ! 4 88 :! 9 30 :!: 1 

Alanine 152:!20 47! 5 83 :! lf- 111:!: 8 136!10 45 ! 2 110:!: 3 206:!: 3 

lt'-amino 
itq tyric ac id 1a1 77 ! 6 65 ! 11- I"il 1!11 61 :!: 8 76 ! 6 !Til 

1 --- ' - ~ L______ ___ ·-··--··--

Al1 re sul expressed as mp. a toms e;1ucose carbon j_nc:;rporn ted/100 mf. \Jet ueir;ht 
tissue. 

Incubation procedure sar.:c as in Table IX. 

""1 
l-' 



TABLE XV 

EFFECT OF VARIOHS CŒ~CF.t'TRATICl'S OF GL'"COSE 0:! THE ANirO ACID PORMATIOF 

BY EHHLICH ASCITE.<i CELLS A:·n RAT BRAIE COFTEX SLICES 

5mM Gl ucose lOmM Gl 

Ehrlich • Brain Ehrlich • rrain 
Amino ILrlich Brain 1 I<J'lrlich Ehrlich Brain W:hrlich 

Ac ids Cells Slices Brain Cells Cel1s Slices Brain Cells 

Glycine 50! 6 II11 1Ti1 26 :!: 3 1120:!:56 r: il li il 720:!:37 
-

Glli tar.a te 189!12 llltl!29 1129!99 600!15 186! 8 1267!97 1291:1:101 272!15 

Gl:Itamine li il 425~30 173:!:6 lril ril 468:!:30 554:!:28 Fil 

Aspartate ! 2 138!13 120~3 65 .!: 4 35! 4 166! 9 144 ~ ~ 48 ! 0 

Alanine 450!27 152!12 52œ32 730::!:19 494!31 290:!15 755:!: 0 344:!:24 

r-amino 
[b-;;tyric ac T:il 

_L_.~-
275!20 383!16 Nil Hi1 302!4 574~36 1711 

A11 resu1ts ex9ressed as mp. atoms ose carbon incorporated/100 mg. iJet veight 
tissue. 

Inc'lbation ·ol'Ccedure sm'e as in Table IX. 

--..) 
i\) 
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\fuen the re sul ts of lomti and 20.!rd1 concentra ti ons 

arc c~nsidcred (Tables }(Il a~1d XVI) i t is soc..-:. that the 

Îllcor:wration into r;lutan~ine by brain cortey slic es increascs, 

even in the :;rescncc of Ehrlich carcinoma cclls, the increase 

be 18;: and 25~ re cctivcly, b1:.t r;lr:tav.ate and nspartate 

values rc;::o.in tJ:.c sar c ns ir: the controls. 

Tumour cclls und er ttc sar:e conditions .nvr sorne 

incrense in ttc ir:cor;)orntio.:l of r;Jucos e carbon into r;lutar.a te 

ar.cl as·J~_rtate, althouch i t is not as hic:h an jncrense as is 

obscrvcd in tho lo·ucr cnncentrations of glucose. Alanine 

forr.:n ti on fr or: ["l'lCosc, ho\·.•evor, shm·rs SOE'e clccrco.se. 

Glucose incnr:;or::,t:ton into ;~lycinc, in both the cnntrol ex-

lWrimonts as viell ~.s in tho 0X~lorimonts '.-r1~ere f.:hrlich ascites 

colls lJerc inculla tod toc; ct! .er, shm.' an increo.se a ver the 

values obtait~od Hith lOi.·!er co~:centrntions of r,lucose. 

Effect :îf Gluto.:r.si.ne on Ar:ino Ac,icl ?orrno. ti on from Glucose by 

:::hrlich Ascites Cclls 

Since n.n increasc 1!1 the incorporCltiC'n of glucose 

Has obscrved in r::1uto.r:ate, aspr:.rtate and nln.nine of Ehrlich 

o.scitcs cclls in the 21resence of 1)rain cortex slices, and 

this had been thoq;ht to be duc to a leakar,c from brain tissue 

o.nd its subsequent hyè.rolysis by turnour tissue, it uas of 

intcrest to sec if r:l';_ta:dne ir: the presence of r;lncose-u.-cllr 

o.nc' .rlich a.sci tes cclls vroulc: also Eive a similar pic ture. 



7A3LE XVI 

EFFECTS OF 20nf1 GLUCOSF..-1'-C14 or AMirO ACID FOR:MATIOF TJY EHRLICH 

ASCrr·~s CELLS A1iD RAT ERAII~ COTITF:X SLICF$ 

~ino Acids 1 Ehrlich Ce11s Brain Slices 

639 ! 45 J:il 

lutamate 245 :!: 10 1466 ~ 86 

-
1 1:11 594 ~ 21 

35 ! 2 194 ! 14 

-
532 ! 15 340 ! 20 

lmtyric 

1 
Iii1 393 :!: 59 

All rosults e:xpressed ns mp ntoms c~lucosc car 
tissue. 

Ehrlich Cells + Brain 81iccs 

Drain Ehrlich Ce11s 

ril 350 ! 30 

1441 :! 79 331 ~ 65 

746 ~ 0 !711 

-
147 ! 14 44 ! 9 

778 !: 71 314 ! 60 

589 ~ 61 ~;il 

incor;·JOr a terJ/100 ID~"". 'tv et vre 

Inc'< ba ti on l!l'ocedure as dcscr:t bod in 7abl e IX. 

t 

--.J 
+ 
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In one set of e:xperimcnts (Table :xVII) gl"cose

u-cl1+ ( 5~) v!US o.dded togethor Hi th ltJH e;lutrur:ine-U-C14 

to the incu.bation r::ediurn. This was donc so as to imitate 

the candi tians of œcvious cxperirnonts 11ll cre brain cor tex 

slices ~cre incubatcd vith neoplastic tissues. The 

glu tamine lcai:inr; out in su ch cases -r,.;oulc: oc tar;P:ed vr i th 

cl4 frOI"! glncose-;·-cll!- hence,its breal:doun ~~:œoducts 'WUld 

be dotectable 11y our detection techniques. 

Results obtained in such experimenta where both 

e;luc0 se and r;lu tar'linc are la "bel led '"i th c14 shm·T an increase 

in tho incorpora ti a'.: of r;lutarna te, aspartate and alanine of 

682~, 500% and 161~ respcctively, ~i1en cornpared to the 

vaJ ucs o btained in the :œesenc e of 5Q111 el~Icose-u-cl11- only. 

Hcnrcv·:-'r, thore is no 2..~1-.,arent incrense in the formation of 

c;lutarr:t":;.te, anet as :1arta te \•Thore colc1 glu tP .. t:ine is added; 

this is duc to the fr::.ct that r,lutar::ine does r;ive rise to 

clutm nte and as-:•artate but the increase is not observable 

as these ru:dno acids do not hnve cl1l· and hence cannat be 

dctccted. The only amino acic.i. that does shc'vt an incrco.se 

throu;;hm.~ t i:::; alanl.nc as th:i.s r.:ay 1-,c tlue to the fac t tl:a t 

thore is a faster trar~saminntion takine r}lace, bcbreen ej_ther 

e;lutar::ine directly or its l)roc~uct e;ln.tamate, i·Tith pyr,:vate. 

Val1:es r,iven for rlut1lr.'line, in the table, denote 

the r;:u ator.:s of g1utarine rcmainint; in the coll after 1 hour 

of incubation and nre not indicative of any formation of 

thj_s ar:-. ide by tumour cells. 



TABLE XVII 

EFFF:CT OF GLT~TAi'ii17E 0:' PJ,aNO ACID FOTI11ATIŒ~ BY E'ERIJICH ASCITES CELLS 

5)nrv: 1 GE'cosc-\~-cl +-
5.mt'l 
GFcos c--~-c14 

5:I!l}î 
Gl' lCOS c-·?-cl4 

lF~crimental lml-l 5mM l ... lroM * ... 2r.J::. "' 5wN 
Conditions Glüta.r:;ine-"-cl4 rriUcose-· ·-cl+- Glu ta'iine-·r-cl4 Gl~1tamine Glutamine 

lAE~no Acids 

Glycine r11 lrl ! 5 30 ! 2 30! 4 3? :!: 3 

Gl·,;_ tama te 500 ~ 9 250 ~ 15 1957 ~ 102 255 ! 14 240 ! 10 

Gh.~.tamine 1029 ! 115 1:11 23?7 ! 93 1Ti1 r:11 

Aspartate 566 ! 16 59 :!: 4 359 ! 14 141 :! 1 99 ~ 3 

.Alanine 49 ! 2 525 :! 35 1324 ~ 30 1710 ! 28 1364 :! 36 

Q02 9.5 7.0 7.6 7.f 7.8 
.. 

Resu1 ts mu ator::s el'1cose or r,lutamine carbon incorporated/100 mg. 
\ITG t \·Tei 

Incubation carried m1t 
37°C in 02 at~osphere. 

normal Krebs-Rineer Phosphate rr.cdia pH 7 .lt- for 1 hour nt 

.. 14 14 

.. Both ë;lucose-U-C and glutarr.ine-U-C have the same specifie activiti;.es. 

--..) 
o-. 
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Effcct of ~-Alanine on ~1rlich Ascites Cells 

In the ex-perin:ents described befor e the ;rr~senc e 

of bra cortex slices caused sicnj_ficant ir~crease in 

glutar::ate, aspa-ct.r:te and .:mine formo.tion from fll:cose by 

the Jiihr1ich a sc cs cclls. Hence the effect of alanine 

on an:ino ac format ion from c:lucos e 'viaS stud d to s ee if 

adc'ied a1c;.nine \·muld gi ve ris e a high inccTporation of 

glucose carbon into [';lutarna tc. 

The rc!.:ml ts obtained from snch e:xperime.r..t s are 

des cri bcd in Table XVIII. It is seen from the tallle that 

the '1rcscnce of alanine ( lm1•1) increases the incornoro.ti on - - -
of elucos e car13on into r;ll1tm:~atc, r;lycinc and al aninc by 

3 51>, ~oo;~ and 77f:,, but the hi;: Lest increase in the forma ti on 

of glycine ar. cl alanine is oh t' inod in the pre sene c of 2Tfllv' 

alanine; p;lutc.Fate forr(·ation is, ho1rever, maxim"lllr. in the 

presence of lllij alanine. 

Thus it may '·)e concl·rded that an increase in 

glutamate :md aspartate is not mc~inly d'.~C to increased 

formation of alanine, but it is due to n breal·::do\:rn of 

.e;lutarr:ine by t·;mour cells. 

Bffect of Dinlysis of Ehrlich Ascites Cells. 

Effects of dialysis \·:ere seen on the forma ti on of 

arr.ino acic1s fron: glucose by brnin cortex tissues. Suspensions 

of Ehrlich ascites cells were dia1ysed acainst Krcbs-Rinr,er 

phosphate medium pH 7.4 for 6 hours at ooc. Both the 



'l'ABLE XVIII 

EFFECTS OF 1, 2 AJID 5nM ALA:i'II;E 0:: AMiro ACID FOR-1ATICti FROH 

GJ."COSE RY DŒLICII ASCITF.S CARCI1!CHA CELLS 

?;eH 
GE co se-n-cl4 &~cose-'·-c14 5Elfi 

G!ücose-r-cl4 
5rr:M ... lmM ~laJle ... 5nM 

lAmina Acids Glilcose-"-cl4 Alan !Fic Al a~ me 

plycine 18 ! 1 54 ! 2 63 :! 3 39 !: 0 

Glutamate 1l.JJ ! 3 194 ~ 2 167 ! 2 173 ! 1 

Glutan:ine Nil I;ïl !:il 1:11 

rA.spartate 34 .! 1 50 ! 4 54! 4 62 .! 0 

~lanine 381 ! 38 676 ~ 28 1134 :!: 128 ~082 ! 86 

All rcsults expressed as rnp atoms elucose carbon incorporated/100 mg. 

wet weight tissue. 

'.J 
co 
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dialysccl colls and tho dialysate were incubated Hith rat 

brain cortex slices in the presence of p:lucosc. 

The resul ts ir.dicate t1-.ot both the dialysa te and 

tLe dialysed cells lov,rer the inco oration of el1·cose carbon 

into r,L~tamine by 80% and 72;~ rcSIJoctivcly (Table XIX). 

The dialysed cclls mnintain all their oric;inal activity, 

as far as ttc incorporation or ;:::lucoso cr:rbon into amino 

acids arc concerncd. 

As ci tic fluid from t'~rno1tr-bearinr, mie e v.ras us ed 

to deternine i ts effoct on the formation of r;l,1 tarr.ine by 

the brain cor tex slic es. It seems to have no effect on 

the clucose inc0rporntion into a:rüno acids hy brain cortex 

slic es. 

Effect of Dialysate on the ?roc~uction of Ammonia 

Since tho dio.lysate di(1 not shou ci thor oxygen 

consumption or any anaerobie glycolysis, tl1e possibility 

of leakage of elu tamine from brain cor tex slic es c"ue to a 

rapid utilisation of ~lucose '·ms r·:.lcd out. An attempt 

vms rra de to see if dialysa te bas proper tics of hydrolyzing 

elutrunine hy estir,a tinr tho production of ammonia in the 

presence of brain cortex slices. 

Both the dialysed Jilœlich as ci tes cells and 

dialysnte vrere incubated 1:ri th and ivj_thout brain cortex 

slices in the presence of 5.mH elucose for 1 ho,~r and the -
ammonia procJ.~~ced e:::; tj_ma ted as des cri bed in ''1~ terials and 

Methods". 



TABLE XIX 

EFFECT OF DIALYSED EHRLIC:!I ASCITJ:~G CELLS AND ASCITIC FL''ID 01~ TEE AMit'O 

ACID FORMATiœ· BY RAT BRAIV CORTEX SI.ICES 

Dialysed Cells • Brain f:1ices Dialysate • Ascti~<id .,1 
Dialysed Brain Brain Slices "Srain sllœs 

rtmino Acids Cells S1ices Brain Cells Brain Brain 

i 
Glycine 36 ! 2 J;il ra1 19 ~ 1 l:i1 1711 

P,1~1 tamate 275 ! 17 1056 ! 44 1107 :! l,2 680 ~ 16 1237 ~ 87 985 ! 50 

:J1utamine ri1 465 ! 20 127 ! 3 ri1 93 ! 6 500 :t 25 

A.spartate 34 ~ 2 120 ! 5 135! 9 1!-8 !: 2 135 ! 5 121 ~ e 

~anine lt21 ! 7 210 ! 15 369 ! 19 652 !: 1711- ! 6 219 ! 22 

f-amino J.tyric 
:tc id 1 ~~il 325 ! 18 429 ~ 35 II11 355 ! 5 317 :! 20 

·--

All res~~l ts c}:I1ressed as mp. ator::s Glucose carbon incorr)orated/100 me;. vret ueir'h t t:Ls s1w. 

3.0 rr.1. of 1:1 di1·ttion of ?::hrlich Ascites cclls 1-:crc dialyscd for 6 h01œs arainst 3C' ml. 
l:rebs-R:i.nccr Phos~1hate r:cüiur::, pH 7.4, for 6 h01.~rs at 0°C. After düüysis ce11 
su or:sior: cœ. taininc 10 rr.e;. dry uei:,ht \·Jas added per Harburg vcsscl. 

O.) rr.1. or ôia1ysate ims used in the ~'resence of brain cortex s}ices. 

1 
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It is sc er:. from Table XX tha. t the nrc sen ce of 

froshly 1)re a.roc1 coll S':_s~;ension 1:itl1 brain cortex slices 

inc rea sos the ar:.rnonia lcvel by 2f:7~; as compared to the sets 

~~.cre ascites c ls werc incilbated nlone. On the other 

h::u~d the c1ü~lysed cclls incrensc the amr::onia level by 4355: 

and the c~ialysato ~)rodnccs 960;-', m:Jro a!TII1onia , \·lhen incubatcd 

in the ·rrcscnco of iJrain cortex sl ic es. 

Eff oct of Ryal uronidase am-: Hyaluronic ac id on Arnino Ac id 

For:;: tion frorr: Glucose by };rn.ir;. Cortex Slices 

Invasivencss 0 ·~ J_ t>mour tissues hr: s be en 1 in;: ed to 

the :n~cscnce of hyaluronidaso or some cnzyr;:es relnted to it. 

1'0.1 attem:-Jt '..Ias therefore mnde to see if hyaluronidase has 

rt11y affect on the forrr.r.tion of :::JJrino acids from c;lucose by 

brain c~rtcx sl es in vitro. -
Tl.e rcsults -,roscnteù in Table XXI indicate that 

tLcrc is no effcct of ci tl-;. cr hyaluronic acj_ù_ or hyaluronid<:.se 

on the incorporation of r,l ucose carbon intn rur.ino ac ids by 

brain cortex slices. 
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TABLE XX 

EF?gCT CF DIALYSATE AND EETILICH ASCITF ... S CELLS OI~ TEE 

ODïiCTION OF AMMONIA I H 

L THE PRESK~CE OF 5ml1 GLUCOSE 

AI~D BRAI!: CORTEX SLICF..S 

Tissues Used eg NHJ prod·lced/100 mg. I:et increase in 
et ' ight tissue 1m3 production 

Brain cortex 
s1ices 4.3 

iE}1rlich Ascites 
pells 5'.6 

~rlich cells + 
~rain cortex 

16.1 {287%) slices 26.0 

Dialysed ce11s 5.1 

Dia1ysed cel1s .. 
[brain cortex 

31.6 slices 22.2 (435~) 

~ialysate 0.0 
~--

rialysate • brain 
fcortex slices 13.9 9.6 (960%) 

--

Ar:.r:onia estima tior~s \re re carried o t as dcscri b in "'Mater ials 

and Mc (su. 
8) 
i\) 



TABLE XXI 

EFFECT OF HYALUROJnDASE AND HYALUR01'riC ACID Or THE AHIFO ACID 

FORJv'ATION FROM GL:TCOSE BY RAT BRAIN CORTEX SLICES 

Brain Cor tex 
Brain Cortex S1ices ... Brain Cortex 

Brain Cortex S1ices • Hya1uron1c Acid Slices • 
Amine Acids Slices Hya1nronidase • Hyaluronidase Hyaluronic Acid 

Glycine Nil Nil Nil Nil 

Glutamate 1056 :! 24 1006 !: 56 956 ~ 44 967 :! 58 

Glutamine 410 ! 15 395 ! 25 425' ! 17 415 ~ 8 

Asparta.te 118 ! 10 102 :! 3 100 ! 6 122 ~ 9 

Alanine 190 ~ 9 160 ! 2 179 ! 10 177 :! 9 

Y-Arnino butyric 
Acid 285 :! 11 300 ! 12 325 ! 15 310 ! 10 

Q02 10.0 10.0 11.0 10.0 
-

A11 results expressed as mf atoms elucose carbon incorporated/100 mg. wet 

weight tissue. 

Hya1uronidase and Hyaluronic acid - lOO Y/f1ask. 

1 

1 

~ 

0.:) 

w 
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Discussion 

Studie s on tl:e proche ti on of amino ac ids, from 

glucose, by rat brain cortex s1ices obtained from normal 

rats and rats bearinr; liquid J;ovikoff hepatoma, presented in 

this cha,)ter, incl ica te tt,<lt tbe brain cor tex s1ices from 

the tu:mour-bearing rats ve a 101,rer incorporation of 

r,lucose cart,on into c:lutamine than do its counterpart from 

normal rats. This mir;ht indicate trn1t the presence of 

tnmo~1r in the rat decreases the capabiJJ.ty of the brain 

cortex tc es to form glu tamine from r,lucose. Tl:ese 

f:i.•:dj.:rs are in cor,forreity Hi th the findines reported by 

~·Ju ard Baur ( 1960). They obscrved tl:a t \dth the increase 

in size of transplanted Halker 256 carcinosarcoma in rats, 

there was a decrease in levcl of free r1utatnic'1e in 

various tis s1ws of the host rats. According to these 

au thors th rhenomenon is due to a pror,ressive decrease in 

the lcvel of r:lutarrir.e synthetase activity in the liver of 

the tumour-bearin.rr rats. This secrrs to he a paradoxical 

situatj_on, as tLese authors h['Ve no direct evider:ce, neither 

have Fe in our e~rperimen ts, th:: t tfie synt!';esis of glutamine 

in vivo paralleled tLe synthetase activity.!.!:! vitro, as it 

may be ssihlc t:tat tl;e remainine enzyme activity vrould 

be cornmensurate \·!ith the normal demand for ('J'lutamine in vivo. 
\} ---

If the c0nc1usions drmm by ~vu and Raur (1960), col~pled with 

our findii!f'S are true, then it is hard to nnderstand hovr the 
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tumonr tis sne, \•Tbich ha s be en s}v:>vm to have a hif"h derran d 

of e:lutamine for protein synthesis, ca.n swvive. 

tr.ere may be a :)oss1b111ty tha.t the r-lutarnine syntbesis in 

vivo mirht he nroceedinv. at a nnrmal rate thereby keeping -- _, -

~~r) v~"it11 tY·e dc~")n!ids f(;r turr.our r,:rav1th. 

Sorne iè ea re cardin~?, the me chanisrn tl'rcugh 1>1hich 

intracellular eluteJ!1ine from brain cortex sl ices is made 

availa ble to tl:e t' Jtr:our tis s' :es can be obtained from the 

re sul ts presented in tl is cha;1ter. 

W'nen tumour tis ~nes and brain cortex slic es. from 

normal r;;;.ts. are incubated tor:etber in tl: e presence of ?.!ill1 

gl'Jcose-U-cl4, an apparent decrease of 50~ is observed in 

tho forrr;; ti on of t,hltamine from rl ucose in tl1 e brain tissue. 

This effcct on cere'hral tissue is characteristjc of tumour 

tissues nnly, and it a 1 so secrrs to be Sflecific for glntamine, 

as otl;er arr:ino acids aro not affected. TLis a:pnarent decrease 

in tLe inc(1rporation into r-l~ltamine could he the result of 

either a decreased syntrtesis of this amide by the brain slices, 

or a leakap;e r,1utarr:ir:e from the brain sl ic es intD the medium 

and 1 ts subsequent me tabolism by the tumour s. The correctness 

of the latter hy;1othesis seen;s to be suhstantiated by the 

observations that with a decrease in elutami'le from brain 

cortex slices, there is a concomita::t increase in the in

corporation of glucose carhon intD glntamate and aspartate, 

of t'.tmour tissues, by 300% arrl 30~; res~~ectively. Results 



- 86 -

obtainecf from the incubation of brain cortex sl ices and 

tumour tissues, vii th various concentrations of elue ose in 

the medium, further :1rove the validi ty of the lea1:age 

hypothesis. It is seer: that \..r:i.th the increase in the con-

centration of g1ttcose, the effect of tnmour tissu=;s on the 

a-r:1arent rrJU.tarrine forr;:: tion frorr. pJncose is decreased. 

This effect is cor:pletely abolished at a e;lucose c0nc entra-

ti on of lOrrtl• If a C0!P.!larison is rmde of the total n<.trnbers 

of mu atoms of glucnse carbon incorporated into amino acids, 

for tumonr ti ss·ue s and brain cor tex sl :ic es incuba d tog ether 

and uhen tlJey are incubated separately, it appears that at 

the l01t' er concentrations of el uc r!S e ( 1, 3 and 5'mtl) nearly 

the sarre numher of r;lucose carbons are utilised under both 

conditions, but <:t hip;her levels of glue ose trere is a sig

nificant increase in the total glucose incorporation when 

hlmour tissues vrere incubated in the presence of l;rain 

cor te :x sl ic es. This may further indicate trJB. t at laver 

cnncentr;,tions of glucose, loss in the inccqnration in brain 

slices is compensated by the increase in ether ar:-:ino acids 

of the tumonrs. This evidence may further _:;rove our 

hy:r:Jothesis tl:at tl1ere is a leakage of glutamine from brain 

tiss' e at lmver glucose concentrations in t!:e presence of 

turnours. The reason fnr this phenomenon may i)e due t':l a 

lack of sufficient p;l·;cose in t1:e rœdimn for the efficient 

metabolism of brain tissue. Tumour tissues bave been sh01tm 
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to have a very hish ra te of aerobic r;1yco1ysis, 1:/arburg 

( 1926). It ha s also been rer)orted t:f,B.t tumour tissues 

car. utilise up to abr·u t 10~ of their dry Hei;"ht of p;J ucose 

per b'ur 1!1. vitro (Aisenberp 1961). J:ence vrhe..n neop1astic 

tissues are incubatcd th brain cortex s1ices .!12 vitro, 

tumnur tis sucs by virtue of their hirrh rRte of aerobic 

r;lyc;:1ysis rray e usine up mns t of tb; r'lucose from the 

mediUI"r., thereby stv_rvin.r the brain slices of p-lucose. Thus 

the lac;~ of r:Jucose in the rnec'ium, couplcd ,,r.l. t.h a hip:h 

g1u.t~minase ac ti vi ty cf tumc:u r tissues may be re sponsi b 1e 

for an increasPà lca:7affe of rl utomine fr0m the brain cortex 

slic es into the medium. 

Tbe rcsults discussed above may nlso explain to 

a certain extent tl-c findil:rs of previous \·mrkers (Rouse..;- 1957; 

Sirnonsen c:~rd Roberts, 1960; Hu and 'Saur, 1960), that patients 

suffcrinrr from cancer or tnmcnr- beari rw animal s have a la·! 

e;lutamine content in various tissnes and in the 1:-:looo. The 

presence of tumours is rcDorted to decrease the blood sugar 

concentration in the tumour-benrinr animals ('..Jarburg ~ ~' 

1926; Gorens0n and Tilser, 1955). This lovr glucose concentra-

tion may cause the host's tissue to lose rlutmr:ine, 'Hhich is 

taken up readily b~r t~tmour, tl;ereby causin~ a decreased 

level of r;lutnmine. 

This hypothesis may also explain the o'hserv0.tinns 

of Ski,pcr and Thomson (1959) thnt transnlanted tumours could 
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grou even if r:l~ttamine is absent in the diet of tumour-

bearing anin:a1s. This an: ide c auld he syn th esised by host 

tissues, from other clietnry components, and !"ade available 

to the tumnur throuEh the proces:::; described abovo. 

It seorrs surprisinr th at the dialysa te, from the 

Bhrlich ascites carcinorna cells, cnn alsc bring abont a 

diminution in the apparent formation of glutamine, from 

f.lucose, by rat brain cortex slices in vitro. Af', the 

dialysate does not shov: my aero hic or anaerobie glycolysis, 

tLe lealmt;e of e;lutan:inc from brain slic es is not du..e to a 

lacL of glucnse in the medium. HOJJever, thero is an increase 

in the nrodu.ction of ammonia (960%), When brain cortex slices 

are incubatec~ iL the :)resence of the dialysate and glucose 

( 5lltl), indic a tin.s tl:ereby an incroase in glu tarn in e breal~d mm. 

Eence i t is possible tlwt tl:e di ~::.lysa te con tains sorre factor 

capnble of incronsinc· the productj_on of ammonia as well as 

decronsir~S t}1e inc0r-:!Oratj_n.r: Of gl'.COSe carbon into glutamine, 

by brain. cortex sl ic es. The fact that this unk:novm factor 

is he at labile may in di ca te U, at tlüs rra y 1)e some,.,rha t 

ei:: zyœic in na tu re. Tti s ir~ ea is fur th er stre .. gtl1er;ed by 

the fact tl":at tl:e alysate prod,;ces a precipitate on the 

add.i tion of ?O% trichloroacetic ac icl indic atinr, trereby the 

nresence of a prntein-like substance in the dialysate. 

The observation of acicJ 1)recipi tablf: mH terial in the dialysa te 

is substantintod by tl1e findincs of Carter and nreenstein 
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(191+6), \·Jho rcY)Orted thnt on dialysing a mixture of l1'1Cleatcs 

and fresh tissue ag~inst a solution containine SC'OiHm 

chloriGe and mer:neshur. chloride, particles havin;~ 12,000 to 

l.S,ooo molecular \·:eicht co'Ild be detocted in the dialysate. 

Thus it is )Ossiillc that the di<J_lysate, o11tained from Ehrlich 

a sei tes c 1 s, nlso c c;n tains small pro te in molecnle s \vh ich 

can sirr.ulate the action of glu taminase. The only con-

ceivablc! e;·}Jlo..rl.aticr: for the loss of ["lutarr.ine frorr. brain 

cortex slices, in the "'Jrr,sence of the dia,Jysate is tbat there 

may be sorne leaJ:ap;e of r,lutamine fror:. the brain tiss·:e, into 

the !T'edium, and t:te suhsequent rapid breakd ovrn by the factor 

]"Jresent in the dialysate causes increased efflux of p,lutamine. 

Hm·rever, further Hor, is necessary to elucidate this unusual, 

yet i':terestine, findi: 

\{ben t'lmour tissues are incubated 1:rith brain cortex 

slic es, an creased in co rpor a ti on of el uc0s e carbon into 

glutmrate, aspartate and alanine is observed; th:is increase 

is much ereatcr than the loss observed in the gl<:tamine 

forr::ntion, from r,luco se, by the brain cortex slic es, but in 

the e:xper iments on tumonr tis su0 s incuba ted vri th gl uc ose-n-cl4 

and e;lub:.Œine-··-cl4, it is seen tha t the latter at a 

cor:c cntration of 115 tha t of gl1:cose brinr;s about incorporation 

into gl~Jtmnate, as·!)artate and alanine, of the sarr:e order as 

obsCJrved l·rith brnin slices present in a mediur1 containine; 

It is knmm tl1c"l t the breakdo1vn nr0duc ts 
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of plutamine are clutarrate and aspurtate (Cales, 1961). 

ml· he t . f d f 1 .. clb b b i t u arn ne orme roM C-uco se- - · , ry ra n cor ex 

slices, vJill be uniformly labelJed, bence its breakr.~ovrn 

pro(~uc t vrill aJ so be tar;r;ed with cl4, tl:ereby allovring a 

propcr dctccti on of the increase in the by-produc ts by 1the 

method 1 Jsed in our ezperiments. Inc reased breakdovm of 

glntal.' c by the turnour tissue, in the nresence of 1Jrain 

corte:r: slices, is also indicatcd by the increase in total 

rr:.monia vn1uc s o bt;.incd und er similar conditions. \'ii th an 

ir:c rea sec! hydrolys is of ~::Iut amine, by t'imaur ti ss1~e s, there 

is an accumulation of rlutamate, which is tben availahle 

for trnnsnrrination \dth the f,"rmntion ofoc-l::etoglutnrnte-c1tl-. 

This in turn vives r:tse to labelled oxalacetate, le ading to 

an ir:creased fornn. ti on of as par ta te. There is also the 

possi bi li ty thr t ~lettarr.ine may be trans am ina ting ind ey1 ende.ntly 

vri th pyrnvate, to iÜ ve rise to alanine. 'l'his probabili ty 

is indicated by the results obtained from the experirrents 

vrhere non-radioactive elutruniEe 1vas used in conj'mction vri th 

glucose-F-cl4. A rnar}::ed inc rea se in the forrr.a ti on of 

alanine is observed. Hov:ever, it m~1st be mentioned that 

i t ·Has not possible to determine \vh eth er the inc rea se in the 

alanine forr::ation is due to a direct trans amination of 

glutarrinc oris a product of glutamate transamination. 

Previous invcsticators rave often linkor the in-

va si ver::ess of the tumor; r s \·r ith sn me J.--:i'1d of "spreadinrr 
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factor", similnr to hyaluronidase. An :i.nc rease in the 

blood hyaluronidnsc activi ty of patients snfferinr from 

cancer ha s been repor ted by BUchner arrl Sch~ne ( 1956) and 

PavlyU-shc ( 1960). HeM ev er, i t is evident from the 

results o experirr.ents \·J:i. th tt e effects of hyaluronid ase 

on. the m'linO acicl fc:r!'1ntion from r;lucnse, by rat hrain 

cortex sJ ic es 1dl vitro, tha t this enzyme may not be the 

so-call "Invasive factor" of tumour tissues. 

In conclusion it can 1;e said that t:1mour tissues 

interfere "~:Jith tbe a·()parent ~l':tmine formation from 

gl1 tcose, by rat brain cortex slices 1.!2 vitro. This 

~)henomenon is characteristic of the neoplastic tissues 

only, o to tlce hich rate of r;lucose utilisation 

by tl:e t1mour tissues, couyüed ·~;~i th i ts hir;h gl utaminase 

activity. 



- 92 -

Summary 

1. Brain cortex sliccs from rats bearine liquid I~ovikoff 

hepa toma have been shmm to h1. ve a d ecreased incorpora-

tion of p,lucose carbon into p,lutamine. 

2. Brain cortex slices, incubated in the presence of turnour 

tissues, exhihit a decreased formation of r,l1Jtamine from 

glucose. At the sa~:e tirr.e tl:ere is an increased in-

cor~orntinn of glucose carbon into glutamate, aspartate 

and alanine, in the tumou r tissues. 

3. TLc lovrcrin~ of apJarent r:Jutamine forrration from r,lucose, 

in brain slices, is duc to a leakage of glutamine from 

brain cortex slic es. This Dhenomen on due to a lack 

of c:l'Jcnse j_n the rnediu.J;!, because of a hi,.h rate of 

[lycnlysis of the t:Imour tiSsues. 

4. The abili ty of F.hrlich ascites cells to brin(, abo;.1t the 

decrease in the i~cnrporation of g~tcose carbon into 

flUtardne, of brain cortex slices is increased npon 

dialysis of the cclls. 

5. The dir·l ys a te from tl1 e T~hrlich a sei tes cells has been 

sbm .. 'n to pos sess snr:w tein-like co mponent ·hrhic h can 

sir.mlate the nctivity of utaninase, and lOi·rer the 

formP.tion of eluté1JT:ir:e from r;lucose, by rat brain 

cortex slices in vitro. - ---...;;..;;...-. 
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CHAPTER III 

EFPECTS OF FOm1ATE 1 PYRUVATE M1 D CYSTEINE OY THE 

T:HtOGR TISSUES 

In troduc ti on 

In neoplastic tissues there are at least two major 

path\vays for glucose catabolisrn - the Embden-1-'Jeyerhoff 

glycolytic path\.ray, \>rhich is quantitatively the more important, 

and the hexose mononhosphate shunt. Dickens and Glock (1951) 

showed that tumour tissues oxidize r;lucose-6-phosphate, 

6-phosphocluconate and ribose-5-phosphatP. LatoT Kit (1956) 

determined thrt i:1 Ehrlich ascites cells, 23% of the total 

oxid[;tion of glucose goes trœough the hexose monophosphate 

shunt. He further ol;sorved that lyrrp1:atic turnour tissues 

formed 2 to 5 tilT.es more 0entose from g1ucose, than do the 

normal lyrophatic cells. \~enner and \'/einhou se ( 1956) re'Jorted 

that 2 to 165; of the oxidatior. of glucose, in ~·oth n0rmal and 

neO!)lastic tissues, proceeded via the shunt mechanism. Thus 

it is clear that tumour tissues have an active hexcse mono-

phos1hate shunt. In view of these findings, it was 

decided to see if this mechanism for glucose oxidation could 

be accelerated by the use of certain compounds. Formate, 

pyruvate and cysteir.e, \·rere found to stimula te the o::ddn ti:;n 

of glucosc-l-cl4 but r:ot of glucose-6-cl4; a possible 

explanation for this increase is discuesed in thi~ chanter. 
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Results 

c14o2 pro duc ti on from Gluco se-1-c14 and f'rl;.1co se-6-c14 by; 

Tumeur Tissues 

It is seen from Table XXII, that Ehrlich ascites 

cells and melanoma slices produce 94% and 49% more c14o2 

from elucose-l-cl4 than from glucose-6-cl4. However, in 

the case of leukemia tissue there is a hiGher prod,~tion 

of cl4o2 from glucosc-6-cl4 than from glucose-l-cl1-t. 

Effects of Sodium Formate 

Islam (1961) reported that the adctition of glucose 

to a modium containinr: formate, increases the oxidation of 

formate hy leucocytes. Bence it was decided to see the 

effect of formate on tLe oxidation of glncose-1-c14 and 

glucosc-6-c14 hy ttwour tissues, 

Re sul ts presented in Table XXIII shm,r tha t, ,.rhereas 

the nresence of 2.!!!!1. sodium formate stimulates the production 

of c14o2 from glucos e-l-cl1t in all the neoplastic tissues 

used, i t has an inhi hi tory effect on gl'tcose-6-cllr oxidation. 

The increase in cl4o2 prodnction from glucose-l-c14 beinr,, 

Ehrlich ascites cells, 42%; n:elanoma, 51%; and leukemia, 

156%. ' 

Effects of r.1alonate on the production of cl4oz in presence 

of Formate 

The effects of malonate, a known inhihitor of 



TABLE XXII 

c14o2 PRODITCTION FROM GLUCOSF..-1-c14 AND GWC OSE-6-cl4 BY 

TmfOLTRS 

Tumeurs Q02 )m}1 glucose-l-c14 5~,, glucose-6-cl4 

Ehrlich Ascites 
Cells 7.0 396 ! 13 2o4 ! 12 

-
}lelanoma 2.4 552 ! 15 372 ! 25 

Leukemia 2.0 69 ! 4 277 ! 13 
! 

--····--···-··- L..... -- --- --··-·····- --··· -·····-·····--··· --·--··· --··-··--···· --···- - - ~-···-····-·····-- -

Al1 results expressed as mp atoms glucose 1 or 6 carbon incorporated 

per 100 mg wet weight tissue. 

'.() 

Vl 



TABLE XXIII 

EFFECT OF 2mM Na-FOID~ATE ON c14o2 PROD'lCTIO:N FROH GLUCOSE-l-c14 

AND GLUCOSE-6-c14 BY TtJJ.JOHR TISSUES 

6~cose-1-cl4 )I1'M 
Giücose-6-cl4 

5mM .. 5'm-1 ..,. 
Tumeurs Glûcose-1-cl4 2mM Na-Formate Giücos e-6-c14 2.!!!M_ Na-Forma te 

Ehrlich Ascites 
Ce11s 404 :! 12 574 ~ 30 216 :! 12 190 ! ' 

Me1anoma 568 ! 20 8))6 !: 14 402 ! 19 276 ! 15 

Leukemia 76 ! 8 195 :! 12 279 :! 20 226 :! 18 
--- ---- --- ---

\)1 
A11 values expressed as mp atoms glucose 1 aftd 6 carbon incorparated/100 mg. wet 

weight tissue. 

'-0 
0\ 
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succinic dehydror;enase, was studied, to elirninate the 

possibili ty of oxid a. ti on of glucose-1-c14 via the ci tric 

acid cycle and also to see if by inhihitint: the tricarboxylic 

ac id cycle, more r;luco se-l-cl4 could be oxidized thrcngh 

the hexose mono:)hosphate shunt. 

The res' 11 ts presented in Ta ble XXIV, indic a te tha t 

5m11 malena te has no effect or. tte for:m::1 ti on of c11+o2 from 

f!lucose-1-cl4, a1tho'lgh it n:ar1Œdly inhibits the oxidation 

of e;lucose-6-cl4. These results are the sane whether 

formate is nresent or not. 

Effec ts of Forrr.a te on amino ac id fnrma ti on from Gl uc os e-l-c14 

and Glucose-6-Cl4. 

Forma te h;: s be en shmvn to stimule te the o:x id a tin n 

of glucose-l-cl4, bence it was thnurht to be of interest to 

sce 'tvhether the ir:crease in the hexose monn!lhosnhate shunt, 

would }1['Ve any effect on the formation of arrJino acids, from 

the gluc0se-l-cl4 and glucose-6-cl4, by Ehrlich ascites 

carcinoma cells. 

It is seen from Table XXV that the presence of 

formate decreases the incorporation of gl'lCose-1-carbon into 

all the amino acids, viz. r::lycine (83%), glutamate (21%), 

aspartat~ (52%) and alanine (16%). The ~resence of formate 

has no effect on the r;lucos e-6-carbon, into glutamate, 

aspartate and alanine, although it causes a decrease in the 

glycine formation. 



TABLE XXIV 

EFFECTS OF MALOlTATF:: ON THE cl4o2 PRODUCTION FROM GLJ:TCOS E-l-cl4 

IND GVJCOSE-6-cl4 TI! THE PRESK~CE ETD ABSEKCE OF 2mM Na-FOID'ATE BY 

EHRLICH ASCITES CEI,LS 

5mM Glucose - 1 - cl4 

Glucose-l-cl4 
• • ~Formate ... 
2m!f Formate • !!!L Malona te ?:mtl Mal ona te j 

cl4o2 390 ! 10 600 ! 30 ?85' ! 35' 402 :! 25 
1 
1 

Q'02 6.6 6.9 4.1 4.3 
1 

5~ Glucose - 6 - c14 

Gl11co se-6-c14 
+ • 2nM Forma te • 
2mM Formate • 5mM Halonate 5J:J:M Ma1onate 

c14o2 196 :! 12 176 ! 11 12 ! 0 14 :t 1 

Q02 6.7 6.8 3.9 4.4 
- - -

ay 
All values expressed as mf atoms glucose 1 ~ 6 carbon incorno~ed/ 

lOO me. wet weight tissue. 'Ù 
co 



TABLE XXV 

EFFECT OF 2mM 'Na-FORHATE ON AMINO ACID FORMATIŒ~ FR0}1 GLTTCOS E-l-cl4 

Ar'D GLPCOSE-6-cl4 BY EHRLICH ASCITES CARCINOH.A CELLS 

5mM 5mM 14 5mM GEcose-l-cl4 5mM G!Uc os e-6-C 
Amine Acids G!ücose-l-cl4 + 2!!t1. Forma te G'Iücos e-6-cl4 .f. 2!fi Formate 

Glycine 12 ! 1 2 ! 0 13 ! 2 6 ! 1 

Glutamate 105! 8 82 :! 4 119 ! 10 101 :! 3 

Glutamine Kil ra1 Nil 1:'11 

Aspartate 17 ! 3 8 !: 1 24 ~ 3 22 : 2 

Alanine 117 :! 4 98 ! 6 156 ! 13 138 ! 2 

or 
All results expressed as mp atoms of glucose 1 ~ 6 carbon incorporated/ 

lOO mg. wet weight tissue. 

0 
0 

1 
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Effect of Pyr~lvate on cl4o2 production from Glucos e-l-cl4 

and Ghtcose-6-cl4 

Pyr· vate has been shoun by \•Jenner, Hackney and 

~oli ter no ( 1958) to stimula te the oxidation of ehtcose-l-cl4 

by Ehrlich ascites carcinoma cells. Hence it war. decided 

to see Hhether by inhibitin[ the a1tPrnate pathway, i.e. 

the citric acid cycle, there v.Tould be a hir,her stimull'tion 

of hexnse monophosphate shunt. 

Results ~resented in Table XXVI show that the 

presence of 2!fd:1 pyruvate stimula tes the c 14o2 production 

fro:tr. p,lucose-l-cl4, by abo'J.t 92%. !'-talonate at a concen-

tra ti on of 5.!!f1, ho,,rever, has no effect on the incorpora ti on 

of glucos e-l-carbon into co2, und er the se conditions. 

Oxidation of glu cos e-6-cl4 is only slir,htly 

irJ.creased in the presence of pyruvate, but i t is r:reatly 

reduced, about 75%, ,.,ith malonate present in the medium. 

F:ffect of Pyruv~te on the Amino Acid Forrw ti on from 

Glucose-l-cl4 a~d ~lucose-6-cl4 

The 11resence of 21r:M pyruvate decreases the inc(\r

poration of eJucose-1-carbon into glycine and r:luta:rr.ate by 

35%, but hns no effect on the formation of alanine. In cor-

poration of glucose-1-cnrbon into as·oartate is completely 

inhihited by the nresence of pyr1:vate (Table XXVII). 

The addition of pyruvate completely inhibits the 

incorpor::ltion of elncose-6-carbon into p-lycine wi tJ10ut affect

inr; the forme:-" ti on of the other ami no ac ids. 



TABLR XXVI 

EFFECT OF ha PYRLYVATE ON c14o2 PRODUCTICF FROH GLUCOSF..-1-cl4 Al~D 

GLUCOSE-6-c14 n; THE PRESF1JCE AND A'RSE!'rCE OF l1ALOJ"T ATR BY EHRLICH ASCITF.S 

CELLS 

5mM Gl·acose - 1 w c14 

·~ 1 

5~ .. Pyr~<vate ~~onate 
1 

G1ucose-1-c14 2m}1 Pyr1 J.Va te • 5mM Nalona te -
c14o2 384 ! 25 740 :!: 35 698 :!: 30 375 ! 15 

Q02 7.0 6.8 3.6 3.9 

5mH Glucose - 6 - cl4 

• 2nM 

6~cos e-6-c14 
+ Pyr7i'Vate • 5mM 
~ Pyruvate • 5m.~l }1a1onate Ma1D.ria te 

c14o2 168 :!: 12 208 :! 17 54:!: 6 20 ! 0 

Q02 6.8 6.8 3.7 3.8 
. 

Al1 values ex:pressed as rrrp atoms gl~1cose 1 or 6 carbon incorporated/ 

100 rnr:. wet vJeight tissue. 

f-.1 
0 
f-.1 



TABLE XXVII 

EFFECT OF 2mM Na-PYR""VATE OH AMHTO ACID FORHATION FROH GLUCOSE-1-c14 

AYD GLUCOSE-6-cl4 BY EHRLICH ASCITES CARCIHONA CRLLS 

5l!)tl 14 
Gl ~1co se-1-C 

5mM ... 2mM 6~cose-6-c14 fAmine Acids GÏÜcose-l-cl4 Na Pyr·1vate 

Glycine 14 ! 2 9 ~ 2 12 ! 0 

Glutamate 100 ! 9 65 ! 4 125 :! 12 

I"Jlutamine I:i1 !7il !!il 

Aspartate 20 :! 2 1!11 26 t 3 

Alanine 113 ' 12 110 t 10 160 ' 11 

A1l results are expressed as trp ato~s clucose 1 or 6 c 

wet weight tissue. 

5mH 
Gbcose-6-cl4 
"" 2mM !'!'a Pyruvate 
-·----·-· 

Nil 

-·-
130 :! 8 

r11 

-
24 2: 4 

-
175 ' 14 

--

incor~orato6/100 

f-J 
0 
i\.) 
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Effects of 1-cysteine on the o::dd a ti on of 0lucose-l-c14 

and Glucose-6-cl4 

Etinhoff and Gersanovitch (1953) huve reporteà 

that the ad di ti or~ of cysteine, to the medtum con tain in g . 

glucose, reverscd tbe "Crabtree effect 11 or as they call it 

11Reversed Pasteur Effect" in 1~hrlich ascites celJ.s. 

Thcrcfore it was decided to confirm their renart as well 

as to see 't-.rhethcr cysteine has any effect on the .f"'lycolysis 

or on the hexose monophosnhate shunt. 

The reversal of "Crabtree effect" is seen from 

the Q02 values presented in Table XXVIII. Ehrlich ascites 

carcinoma cells with no added substrate give a Q02 value of 

9. 5' which is lo"rered in the presence of beth elucose-1-cl4 

and glucose-6-c14 to 6.5, a decrease of nearly 37%. On the 

addition of 2.!!1ll cysteine, in the presence of ~lucose, the 

Q02 value increases to 8.5, an increase of 30~ over the vnlue 

obtaincd in the presence of glucose alone. 

The addition of cysteine, to a medium containing 

glucose-l-cl4, stimulates the incorporation of glucose-1-carbon 

The increase in c14o2 prochlction heinr; 112%, 

and is not affected 1)y malonate. 

On the ether hru1d, ~lucose-6-c14 is not affected by 

the presence of cysteine, hut i ts oxidation i s markedly 

inhibited by malonate. 



TABLE XXVIII 

EFFECT OF 1-CYSTEI:·E œ: TEE cl4o2 PRCDtTTIOr FRO!~ Gr··cos F.-1-c14 A!'D 

GLlJCOSE-6-cl4 BY EHRLICH ASCITES CA.tîCIJ~OMA CF:LLS 

5~ Glucose - 1 - cll+ 5~ Glucose - 6 - cl4 

... 2mM ... 2wt 
Cysteine Cysteine 

En do- + 21!11-'1 + 5IrJ1 • 5ml1 + 2mH .. 5mM • 5w: 
genous 

Gluîese-
1-C Cysteine ~1a1'Cir..a te J·1alona te 

Gluîese-
6-c Cysteine Nalooa te ~-~a1onate 

~14o2 - 425!33 902:!16 976:!25 400!29 215!10 220:!:15 10:!0 14!2 

Q02 9.5 
1 

6.5 8.5 4.2 4.3 6.5 8.7 4.0 4.0 
1 

All re sul ts e:xpressed as mu n toms glucose 1 or 6 Cé,rbon incorporated/100 mg. 

wet weight tissue. 

l-' 

:?-
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Effect of L-cysteine on fJnino Ac id FortrR- tion 

As cysteine gave the highest stirrulation of glucose

l-c14, among the ttree compounds tried, it was of interest to 

see i ts effect on the arr:ino ac id forma ti on from el'Jcose-1-c14 

and glucose-6-c14. 

It is seen from Table XXIX, that cysteine hrings 

about a mar.ted inhibition in the incorporation of gl'~cose-1-

carbon into all the amino acids. Glycine forma ti on is 

completely inhibited, whereas, the incorp<12ration in.to f'lutarrate 

and aspartate is reduced by ne arly 50f., in both the cases. 

The formntion of alanine, from gl1rcose-1-c14 is inhibited by 

75'%. 

Although the nresence of cysteine has a slight 

stimulatory effect on the incorr)oration of glucose-1}-carbon 

into f"lycine, glutarrate and as'l')artate, there is bowever, a 

mnrl-::ed inhi bi ti on in tr1e fonr.a tion of alanine. 

Discussion 

It has been common practice to calculate the ratio 

betl!feen the cl4o2 produced from gl::cose-l-cl4 and thnt 

produced from glucose-6-c14, to evalua te the opera ti 0n of the 

hexose monophosphate shunt in vari01J.S tis s~J.e s. If the ratio 

turns out to be 1 or less, it shows that the c14o2 formed 

frorr: both g1uco~e-1-c14 and glucose-6-c14 is obtained thro'1gh 

the same pathway, namely, the citric acid cycle, and that 

the shunt is not oneratin;::. If this ratio is ereater than 1, 



TABLE XXIX 

EFFECT OF 2mM L-CYSTED7E œ7 THF: AMINO ACID FORHATION FROM 

. GLHCOSE-l-cl4 Al,;D GLUCOSE-6-cl4 BY EHRLICH ASCITES CELLS 

5'mM 
G!Ucos e-l-cl4 

5'mM 
Gii:îcos e-6-cl4 

5mM .. 5'mM .. 
.Amino Acids Glucose-l-cl4 2mM Cysteine G!Ucose-6-cl4 2!!H Cys'i!tne 

Glycine 13 :!: 1 Nil 15' !: 0 20 t 3 

Glutamate 109 ! 9 5'0 :! 3 125' :!: 10 140 ! 6 
-

Glutamine Nil Nil Nil Nil 

Aspartate 13 :!: 3 6 ~ 1 29 ! 3 31 ! 2 

. 
Alanine 125' :.t 5' 31 :!: 1 164 ! 2 37 ~ 2 

----

All results expres~ed as mu atorns glucose 1 or 6 carbon incorporated/100 mg. 

wet weight tissue. 

1-' 

& 
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14 

it shows that glucose-l-e is being oxidised faster than 
14 

glucose-6-e , and this can happen only in the event of 
14 

glucose-l-e going through the shunt, -.vhere the first 

carbon of glucose is decarboxylated during the formation 

of ribulose-5-phosphate from 6-phosphogluconic acid. 

It ls evident from the resulta presented in this 

chapter that tumour tissues, ln general, have an active 

hexose monophosphate shunt. 
14 

produced from glucose-l-e 
14 

glucose-6-e , for Ehrlich 

tissue, turns out to be 2. 

14 
The ratio between the e 02 

and that produced from 

ascites cells and S melanoma 
91 

The only exception is leukemia 

which exhibits a ratio of 0.25. Addition of 5 mM malonate 
14 

not result in any inhibition of the formation of e 02 does 

from 
14 

glucose-l-e by Ehrlich ascites cella whereas it 
14 

inhibits that from glucose-6-e by 80%. These resulta are 

simllar to those obta1ned by van Vals et al. (1956), who 
14 

reported that ad1tt ion of malonate bad no effect on the e 02 
14 

production from glucose-l-e but markedly inhibited the 
14 

oxldation of glucose-6-e by var lous tumour tissues. It 

is difficult to exolain these resulta, as a major portion 

of glucose is metabolised via the citric acid cycle and 

bence a block in the tricarboxylic acid cycle should bring 
14 

about at least sorne reduction in the e o2 production from 
14 

glucose-l-e also. However, further work is necessary to 

elucidate this phenomenon. 
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Formate, pyruvate and L-cysteine stimulate the 

14 
e 0

2 
production from 

14 
glucose-l-e , but have no effect on 

14 
the production of e 02 from 

14 
glucose-6-e . The specifie 

14 
stimulation on eo2 formation from glucose-l-e is an 

indication that these compounds stimulate the operation of 

the hexose monophosphate shunt. This assumption is supported 

by the fact that the presence of malonate, with these three 
14 

compounds, does not affect the e o2 production 
14 14 

glucose-l-e , but markedly inhibits the c 02 
14 

from glucose-6-e • The increase in the 
14 

c 02 
14 

from 

formation 

production 

from glucose-l-e results in a decreased incorporation of 

glucose-1-carbon into amine acids. In all these ca~es, 

there is no such effect on the formation of amino acids from 
14 

glucose-6-C It is reasonab le to assume that if more 

glucose-1-carbon is being oxidised to eo2, via the hexose 

monophosphate shunt, a lasser amount will be available to 

go through the glycolytic pathway and the citric acid cycle, 

to give rise to a~ino acids. The formation of amine acids, 
14 14 

from glucose-6-C , is unaffected just as the e o2 

production. There is, however, one exception; in the 

presence of cysteine, suppression of alanine formation from 
14 

both types of glucose-e occurs. The resson for this 

behav!our 1s not understood. 

It has been shown, by the early works of Warburg, 

Dickens, Lipmann and others, that the initial steps of the 
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hexose monophosphate shunt involve TPN as a coenzyme for the 

oxidation of glucose-6-phosphate and of the resulting 

6-phosphogluconic acid. Glock and McLean (1955, 1957) have 

shown that in the neoplastlc tissues DPN is generally lower 

than in most normal tissues, while the level of TPN is 

negliglble, and that the bulk of DPN is in oxioised form 

and the TPN is in reduced form. Hence it is possible that 

the stimulatory action of formate, pyruvate and L-cysteine, 

on the hexose monophosphate shunt in Ehrlich ascites 

carcinome cells, is due to their capabilities of oxidizing 

TPNH, and thereby making more TPN available for the efficient 

operation of the shunt. 

Formate has been shown, by Osborn and Huennekens 

(1957), to combine with glycine to give rise to serine via 

the following steps: 

Formate + Tetrahydrofolic acid · 
(THFA) 

TPNH + H' TPN 

•· FormylTHF -M.ethyleneTHF 

+ glycine 

Serine. 

It can be seen that the reduction of FormylTHF is mediated 

by TPNH. Hence this reaction can be used by the tissues, 

as a means of oxidation of TPNH. It has also been shown by 

Herscovics, from our laboratories, that there is a 30 fold 

increase in the incorporation of formate into serine, in the 

presence of glucose, by Ehrlich ascites cells. Thus the 
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effect of formate on glucose-1-carbon oxidation may be 

attributed to its utilization in the synthesis of serine, 

whlch is accompanied by rapid oxidation of TPNH. The 

effects of glucose and formate, on their oxidation seem to 

be synergestic. Experiments, on the affect of glucose on 
14 14 

the production of e o2 from formate-e , show a marked 
14 

increase in the oxidation of formate-e in the presence of 

glucose. 

The results obtained in the presence of pyruvate 

are in agreement with those reported by Wenner ~al. (1958). 

They observed a stimulatory effect of py~1vate on the 
14 

oxidation of glucose-l-e by various tu.mours. It has been 

su0gested by these authors that pyruvate acts as an electron 

accepter for TPNH, in the presence of glucose, md gets 

reduced to lactate, and that in Ehrlich ascites cells lactic 

dehydrogenase may be TPNH dependent. Thus it seems clear how 
14 

and why the re is an increase in the formation of e o2 from 
14 

glucose-l-e , in the presence of pyruvate. 

L-cysteine seems to have the highest stimulatory 

effect, amongst all the compounds tried, on the oxidation of 
14 

glucose-l-e by Ehrlich ascites carcinome cells. The ratio 

14 14 
between the e 0 produced from glucose-l-e to that 

2 14 
produced from glucose-6-e , increases from 2, in the absence 

of cysteine, to 4 in its presence. This increase in the 
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hexose monophosphate shunt can also be ascribed to the 

effects on the TPN/TPNH ratio in the system. Szeinberg 

and Marks (1961) have shown that the adrlition of TPNH to 

a solution of cysteine, buffered at pH 7.4, brings about a 

non-enzymatic oxidation of TPNH. The rate of oxidation 

increases (but not by a linear relationship) with rising 
-2 concentration of cysteine to 1.2 x 10 M. Further increase 

in the concentration of cysteine is associated with a fall 

in the rate of TPNH oxidation. The observations of these 

workers coupled with the resulta reported in this chapter 

explain the stimulatory affect of cysteine on the hexose 

monophosphate shunt, in Ehrlich ascites carcinome cells 

in vitro. 

In conclusion it can be said that tumour tissues 

lack endogenous electron acceptors, and if these are supplied 

there is a stimulation of the hexose monophosphate shunt. 

It bas been shown by Reynafarje and Potter (1957) that 

Novikoff hepatoma lacks TPN-cytochrome C reductase as well 

as transhyrlrogenase. It is possible that these enzymes are 

also missing in Ehrlich ascites cells, and that these cells 

a.re unable to oxidise TPNH through the uaual electron transport 

pathway, bence an exo6anous electron acceptor ts r~uired for 

an efficient oxidation of TPNH, to give TPN, whlch is an 

essentiel cofactor for the operation of the hexose monophosphate 

shunt. 
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s~unrnarl 

1. Ehrlich ascites carcinorna ce11s and S91 '1elanorna 

have been shown to have an active hexose monophos~hate 

shunt. In AKR leukemia this rr.ech ani sm se ems to be 

absent. 

2. Sodium formate, at a concentration of 2w} stimnlates 

the-production of cl4o2 from glucose-l-cl4 by F~rlich 

ascites cells and melanorna tissue. The presence· of 

formate has no effect on the oxidation of g1ucose-6-

c14. The increase in the production of c11+o2 from 

ëlucos e-l-cl4 result s in a decreased incor}"lor ation of 

glncose-1-carbon into amino acids. 

3. The presence of sodium pyruvate has been shown to in

crease the oxidation of glucose-l-c14 , with no effect 

on the glucose-6-cl4 oxidation. The addition of 

pyruvate also diminishes the incornoration of glucose-

1-carbon into amino acids. 

4. Among all the compounds tested, L-cys teine shows the 

highest stimulation of gl~cose-l-c14 oxidation, with a 

marked decrease in the amino acid formation. The 

oxidation of glucose-6-c14 is not affected by the 

presence of cysteine. 
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GEI!ERAL DISCPSSIŒ1 

"T'J.mour-host relations usually are regarded as tho se changes 

produc ed in the tissue of the host remo te from the tumour 

and in \•Jhich no evidence of metastatic malignant cell is 

found." 
Begg (1955). 

A tumour can manifest i ts mal ignant proper ti es 

only in the host. It can kill an animal without destroying 

vital organs; such a cancer death must be a'metabolic 

dea th". The ul tirnate objective of studies of tnmour-host 

relations should be to define the effects, or summation of 

effects, that load to the death of the host. A tumour may 

produce its effects at a distance both by the nroduction of 

a chemic al su 'bstanc e ( "toxin") arrl by co ne entra ti on of a 

ma terial necessary for contin<:ed normal me tabolism in the 

host. 

There have been reports on work, both lu vitro 

and in~' regardinr, the high requirement of tnmour tiss':es 

for glutamine. Experinents of EagJ.e (1955b) am ?asieka et 

~· (1960) have shown that tum~1r cells ~r~ving in tissue 

cult~1re require hish amounts of glHtamine and thnt they 

utilise glutamine much fnster than normal tissues. Reports 

from Roberts and his l':roup (cf Introclnctio n) h<'ve indic ated 

that the tumour gr~vth in animal reduces the glutarnine content 
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of various host tissues. They have also sh0\.r n tha t t·lmour 

tissue synthcsises glntamine, but tha t i ts utilisation is 

more rapid. On the other hand ~vu and Baur (1960) have 

also reported a similar findingJbut they ascribe this to 

a decrease in the glutamine synthesis by host tissue. 

The sc au thors estima ted the rlntamine synthe sis by li ver 

of the hepatoma bearing animal in vitro. It is possible 

that the conditions 1!1 vivo may be entirely different and 

this 10\c; synthesising capacity, of liver, may be compensated 

by the synthesis of this amide by ether host tissues and 

glutardne may then be made available for tumour g:ravth. 

This hypothesis is substantiated by the 1Q vitro 

studies, reported in this thesis. It is seen tha t the 

presence of tnmonr tissue, irrespe cti ve of the site of its 

origin, reduces the for.1:1ation of glu..tamine from glncose. 

This is not due to an effect of tumour tissue on the gll•ta

mine synthe si sing system in the brain cortex slic es ..!!! vitro, 

but it secms to be caused by a lack of glucose in the medium, 

becatlSe of the r;reater utilisation of glucose by the tumours. 

This lack of gl';cose resul ts in a leakage of elu_.tar'!ine vThich 

is rapidly broken down by the tnmo'œs. Support for this 

explanation exis ts in the follm.;ing observations. Fir st, 

the decrease in elutamine fornn tion in the brain cor tex 

slices, is accompanied by an increase in the incorporation 

of glucose carbon into glutarra te, a spartate and alanine in 
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the tu~ovr tissues. Secondly, if a concentration of B1ucose 

of 1~r is added to the medium, the brain cortex s11ces are 

capable of synthesising as much r~lutamine, from glucose, as 

vrhen no t"mour is present. The se observa ti or:s do not support 

the conclusions of Wu and Faur (1960). 

It could be arg~1ed tr.a t the exper iment s descri bed 

in this the sis \vere performed !!l vitro and henc e are not 

applicable to the situation !!l !.!1:.2.· Hm·rever, it is known 

from the observations of Gorenson and Ti1ser (1955), that a 

relatively low blood sugar concentration is found in tumour 

bearing animals. Hence it is conceivable that the low 

levels of glutamine found in the tissne s of t11mour-bearing 

animals may be due to an efflux of glutamine from the tissues 

in the absence of an adequate cene entration of glucose in the 

blood, and its subsequent utilization by tumeur tissue. The 

si tua ti on is th en analor:,ous to our e:>,.rperimental con di tiens 

when 5nO gl'J.cose js used. 

It is seen from the results presented in this thesis 

that there is a lov1er forilk-:tion of amino acids from glucose, 

by tumeur tissues, as compared to ei ther a slow grovdng 

tiss,te (brain cortex slices) or a rapidly gro,ving tissue 

( chick embryo). The decreased incorporation of glucose 

into elutamate and aspartate, in neoplastic tissues can be 

so for t\·ro reasons; ei th er a slow operation of the ci tric 

ac id cycle or a lack of amine r:roup donor for transamina tion. 
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The la tt er poss i bi li ty can be ru led out by the fact tha t the 

incor~1oration of clucose carbon into fllanine, in malienant 

tissues, is hieher than in the normal tiss:.es. This is 

further substantiateù by the cxperime•;ts HLere ttc adc".ition 

of r,luta:':ate, alanine, or rH4cl had no increasinr: cffect on 

the for1112tion of Glutamate and aspartate in the tlt!~our tissues. 

The cvidenc e thus points to the poss i bi1i ty thnt the Tri

carhoxylic a cid cycle may be o,1er a tine at a slmver ra tc in 

neoplastic tissue s. Hhile the values obtained for alanine 

are hieh, thosc for :;lutarnate and aspr,rtate are lo.r. The re 

is a gradual decrcase in the formation of tl.cese thrcc runino 

ac ids, from glucose, in the follm·rine; or der: alanine, 

c;lutamate and aspartate. r,.;enner et .Q;l. (1952) made a survey 

of the levels of various ci tric ac id cycle enzyr.Ies, in tumour s 

and reported that all enzymes except aconitase andot: -keto

glutaric dehydroeenase wcre present at a com')arable level 

vri th normal tissue. In vie'v of these findinr,s, coupled with 

those repor ted in Chantnr I of the thesis, it seems probable 

that there is a n:-,rtial mal funct:Loninr of tte ci tric ac id 

cycle. 

Studios on the effects of formate, }1yr1wate aT\d 

cysteine on the operation of th0 hexose rnonophosphate shunt, 

in tvmour tissues in sencral, at1d Ehrlich ascites cel1s in 

particulr~r, indicate th.:"lt the better tl:e electron acceptnr 

for TP::H, the more efficient is the stimula ti on in the 
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oxidation of e1ucose throur:h the shunt, as indicated by the 

c14o2 production from elucose-l-cl1+. These resu1ts may 

indicate that the slo'\>r OfJ""'rat!..on of the rexose monophosphate 

shunt may not be due to a lovr level of the rcquired enzyme 

systen:s but is rnther due to a la.ck of electron acceptors 

to bring about the oxièiation of TPFH to TPI:-. This id ca 

is in conformity vrith the findiEgs of Vlenner tl al. (1958) 

who reported that the addition of artific ial electron 

acceptors, such as methyle.'1 e blue, could also stimulat e the 

hexose mono:)hosphate shunt in Ehrlich ascites cells. 

In conclusion it may be saicl that tumour tissues 

in vitro shovr a 101.-rer incorDor at ion of glucose carbon into 

glutamate and as par tate than the normal tissues, and this 

may be attributed to a pcrtial malfunctionin~ of the citric 

acid cycle. Tumou r tissues, in general, c a11s e in inc reased 

efflux of glutamine from brain cortex slices in vitro, uhich 

is subseqvently broken dnvm by the tumaur tis"Bues. This 

phenomenon could be due to a hi eh rate of elucose utilisa ti on 

coupled with a high glutaminase activity in turnour tissues. 

Efficient function of the hexose monophosphate shunt in 

tumeurs may be de,endent ltpon the presence of artificial 

electron acceptors for the oxidation of TPNH. 
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CLAIMS FOR ORIGINAL RESEARCH 

1. Tumour tissues, in general, have a lower incorporation 

of glucose carbon into glutamate and aspartate than do 

rat brain cortex slices and chick embryo in vitro. 

2. 4-day old chick embryos incorporate glucose carbon into 

glutamate, glutamine, aspartate end ~ -aminobutyric acid 

in vitro. 

3. Adoition of a;lutamate, alanine, NH4Cl and pyridoxal 

have no affect on the amino acids formation, from glucose, 

by tumeur tissues in vitro. 

4. The presence of liquid Novikoff hepatoma in rats, has 

been shown to decrease the capacity of brain cortex 

slices to incor0orate .:zlucose carbon into glutamine 

in vitro. 

5. When turnour tissues are incubated, in vitro, 'Vith normal 

rat brain cortex slices, in a medium contalnlng 5 ~Ni 

glucose, there is an apparent decrease in the 

incorporation of glucose carbon into glutamine, by the 

brain cortex slices. 

6. The decreased formation of glutamine by rat brain cortex 

slices in the presence of neoplastic tissues has been 

shawn to be due to an insufficiency of elucose in the 

medium, and to the high glutaminase activity of tun,our 

tissues. Theso two condition3 cause an efflux of 

glutamine from the brain. 
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7. Tumour tissues hnve be en shmm to have an increased 

incor~oration of glucose carbon into alanine, 

glutamate and aspartate, npon incubation 't·rith rat brain 

cortex slices ill vitro. 

2. The addition of l.mtL glutamine-u-cl4 \<Tith 5'Etl glucose

u-cl4, in a medium containing Ehr1ich ascites cells, 

g1ves an incrcased formation of r;lutamate, asnartate 

and alanine. ~his increase is of the same arder as 

observed in the presence of rat brain corte:-: sl ices 1!l 

vitro. 

9. A dialysate, obtained by dialysing a sus-:1ension of 

Ehrlich cells again.s t Krebs-Rine;er phosphate madium, 

pH 7 .4, for six hours in the cold, J:ï.as also been sho'm 

to cause a decrease in the formation of glntamine, in 

rat brain cortex sl ic es 1D, vitro. The dialysate also 

causes an increase in the forrrrt ti on of amn:onia in a 

medium containine brain cortex slices and 5'.mll glucose. 

10. The dialysate has been sl-:o1rm to contain prot~in-like 

rnaterial and its activity of decreasinG r;1utamine 

forma ti on in brain cor tex slic es and increasine the 

arnmonia lc:ve1 is thermo1a ·hile. 

11. Hyaluronic acid and hyaluronidase do r:ot have any efi'ect 

on the amino acid formation, from r;lucose, by rat brain 

cortex slices 1D, vitro. 
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12. In Ehrlich ascites cells, sodium formate stimulates 
14 14 

the oxidation of glucose-l-e and not glucose-6-e . 
14 

The increase in the oxidation of glucose-l-e results 

in a decreased incorr,oration of glucose-1-carbon into 

glycine, glutamate, aspartate and alanine. 

13. The presence of malonate, at a concentration of 5 ~' 
14 14 

inhibits the e o
2 

production from glucose-6~C , but 

14 
has no effect on the glœ os e-1-e oxi da ti on by Ehrlich 

ascites cells, in a medium containing formate. 

14. L-cysteine has been shown to stimulate the oxidation of 

15. 

14 14 
glucose-l-e and not glucose-6-e in Ehrlich ascites 

14 
cells. The increased oxidation of glucose-l-e results 

1n a decreased incorporation of glucose-1-carbon into 

amino acids. 

14 
The presence o~ malonate does not affect the C o2 

14 
production ft'orr. glucose-l-e but inhibits the oxidation 

14 
of g~ucose-6-e by Ehrlich ascites cells, in the presence 

of cystelne. 
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