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INTRUDUCTION

Obleont
A atudy of the influence of various derlvetives of urea
on cellular netabolism h-e bsen undertnken with » twofold
purpose!
l« to eonpare the resctions of varinus normal and
tuzor tissuesn,
£« to determine the mode and sits of sotion of these

compounds,

Blolonical oxidations
4 @4scussion of the history a2nd wvoluminous literature

of Biological oxidations 1s £ r beyond the scope of this
paper. iZxtensive treatment of this subjeect 18 presentsd in
the reviews by Dizon (1938), Oppenheinmer »nd Stepn (1939),

3zent~Gyorgyl (1932), Zlvehfem ~nd ¥ilson [193€7, and illiott

&

{1041}, and many others. it will thus e *fice to outline
& fow of the systems esamined in the cournse of atudy,

1. Hespirstion., True reapiration h-e its site in the cell

and is oconcerned with the oxid-tlon of foodetuffs with the

. sontrolled release of enersy, ﬁallulﬁr.anmymgs,mmtiyw%@;tha
ﬁlti@ate anion of the hydrogen of‘théﬁa?bﬁtra%&”?&%h_Qxygan.
It 1g fro= thils combination of hydronen and oxyren that the

vital gnergy of life is drawn,
o8] 4 %{}2 = .E.’ZQQ + f&nur&?

“he liberrted enersy may hc smploved gimply as - ﬁamroe of



heat or a3 the drivinz foree in oune of the numerous body ¢
funectlio~s,

The foregeéeing combinstion is a resull of miny sscondrry
racotiona dealing nmalnly =1lth the ralemses nd tranaport=tion
of hvdrogsn of the foodstuff to oxyzen., Typleal ezemples

of the types of enzyme systexs iavceclved will be Aezorided,

2. wahyérgggnﬁae. dydropen oeaurring =28 a constituent of
foodstuffs iz relatively inert =t bBody temperature. In
ordar that hydrogen may be relsu-ed, portielipatios of a de-
hydrogenuting enzyze or dehydropeunsse is essenti- -1, These
sudstances zre Xnown to he protein in nature hut thelr
exanotl mode of "saetivalinzg™ hydrozen for raelsase is as vet
unsolved,

The %known dehydrogenases are sjscific ez res rds thelr
- subastrates, e.g., lsotie aeld, sucainic acld, glucose de-
hydrosenisas, bul aet in sonperatlon with sert in other non=
‘ggggxfia:oaliulﬁr enzynes .
.§.j’§ggggzgg&, it was early di&eavarqﬂfim'th@‘awae of =most
physiol zleal substrates or foodaiuffs th ¢t the speeifie
dahydrogenase raguired the asctivity of a second enzyme in
renoving hvdroesen frow the substrota, The latter szubhstance
was tarmed o go-dehvdrogenase, or more commaonly, 2 eo-sn ye
and is reooonlze? in two forms, Cosnsyues ! and XI, Chem-
teally, 7 1s a di-phosphopyridine nuelsotide, and II 12 @
tri-prophopyridine nusleotide. "von hydralysis, Coenzvme
1 ylelda phosphorie =eld, ribose, adenine, and nicotinis
acid anmide,

‘then, for ezample, laotic z0id 1s sdded to a mizture



of its dahiydrogensse and Coenzyns I, pyruvic acid iz proe-
duced and the nicotinie z2eid anide of t e cnenzyze is re-

dueed by addition of hydrogen,

Lootle
2 lagtic aclid+ Coenzyne >
dehrdrozenase

2 Pyruvie acid + Coenzyne. 8H

4., Yellow Znzyms. The dehydrogen-tion or oxidrtion of the

raduced coenzyme is effecied LThrough the medintion of are
burg's Yellow Znzyue, This substance, flavoprotein, oconsiasts
of & high moleculer welght protein and & prosthetie group.
The latter, ealled riboflavin, ls composed of phosphoric
agld, ridvoss and lso-ulloxazins, The 2 atoms of hydrozen

are troneferrad from the nleotinie rold anide of reduced
Coenzyme [ to the lso-alloxazine ring of the flavoprotein's
prosthetie group, In this manner reduced Coenzyane I is re~

oxidized «nd the flavoprotein reduses,

Goeamyme-3%4-Flavo§ratain >

6oanzym@+-?lﬂvoprataiﬁ-ﬁﬁ

5. PFour Gerbon Dearboxylie selds, Another "hydrogen trans-
port” systenm interposed betwsen the priuary foodstuff and
oxycen is the sucainie -eid series of Jzent-Oyorzri (1939),
Hegleoting momentorily the an:ymes involva&,.tha following

{8 an outline of the re-otione whieh oeccur when lnrile
nydrogen is sdded to oxaloscetie and fumariec acléds, <xrloe
acetic acld is reduced to malie by the addition of two stoms
of hydrogen, These =2ioms are then tranasferred %o fum=zric

~aid whish beoomes suerinle on hydrogenaition,



By virtue of denydroszenation, malie

original oxaloseetic aeld,

sald reverts to the

SO0H Goon
L |
Hon HOE
nH | &R | bl
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| D I
QOO SOUH
Oxalonoetie alie
2000 COUH
| |
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| “— |
e Tel#)31 gaon
Pumarie fgenlinice

8. Termingl Resplratory Complex. 7The systems desoribed
| have hagg aun¢aﬁnéﬁ with (ﬂ) "aotivation,” (b) removal, &nd

{e) transport of gubstrate hydrozen,

The final stsge in

fﬁydragmn trahafﬁ: is effeotsd specifioslly in animal tissues

By suocinie debydrogen=se,

This enzyme removes 2 atoms of

hydrogen from succinie ecold, thus oxidizing 1t to Pumarie;

and the hydrogen passes to dytoochrome whieh 1s thersby re-

duosd,

Cytoohroze 1s a hematin eontaining protein which funetions

as the specific 1link hetwasn the hydrogen trrnusport systenms

and oxvgen.

iron in oxidlzed ¢ytoehyome is in the ferrie

condition =nd 1s recdily reducesd by elesctrons from added

hrdrogen %o ths ferrous stste,

in enzyme, oytoohrome oxldase,

"atmun¢sferment” of J‘arburg, indophenol oxidase, ete., re-



oxidizes the raﬁuaad gytochrome in a manner whieh is not
entirely understocd, The m-in funetion of eytoohrome oxie
dase is apparently 1ts edility to "setivate” moleoular
oxygen, thus rendering 1t suseeptidle %o union with hydrogen
from the reduced o-tochrome, The final result is the oxida
tien of reduced cytochrome and pruauotiem of water or hydrogen
perozide, the latter beling rapidly deconposed by the enzymé,
gatalase,

7. ZExmmple, It must be emphasized thei the meshanisms dis-
sussed are dut thasoretlenl represent tions and that warlous
oombin-tions of these systems are pozsible, In additien,
for every enzyme mentioned abovs, »t laessgt 10 more have bean
examined, &_pmaaihlc ehain of resetions is prsseﬂted in
Teble I merely as nn example. Jinse little is kuown of the

;”grgllﬁiﬁ@r?*ﬁﬁrobiﬁ breakdown of ma%ah&liteafvgaﬁt_igfhhawn,



TABLE I

3pseific
dubstrote 2V + Qoenzyne >
dehydrogenzse
yhstrate + Coenzyne - BH

ialle
Sosnzyne - 27+ Oxnloacatio >
dghydrogeniae
Coenzyme + Zalle
ialle + ¥lavoprotelin >

Jxaloncetie + Flavoproteln .2l

Plavoproteln- 2li+ Punario >
suseinie+ Flavoproteln
‘meeinie
Suceinie+ Cytoohrome >
dehydrogennse
Pumarie + Cytoohrone. 28
Cytochroue
ﬁytoanrgma-&ﬁ+-02 >
oxidnaae
Gyteehrome + ﬁa@a
E Hglp —— > 00,

ontalase



EAPERIMORTAL

Mgasurement of Gas Exchange

By =2y the greatest portion of results recorded wass obe
tained by the uss of the Jarburs Reapirstory Manometer.
Sver a thousand individual deterainations have been =made by
this method, Othar toehniques enployed will he desorided
under appropriate sections, The theory and prastical de-
tails of the Yarburg Hanometsr hive deen adhiradly snumer-
with here,

In the deteraination of oxygen uptike, Ringer's solution

of the following composition was added to the reaction vessel:

Substanoe Concentration farts
RaQl Q.18 4 100
i£+51 0.15 M 2
Calle 0.18 W 2
Na, P04 0.088K »
Kﬂgﬁﬁa 0,088H '

The phosphate buffer w-s pH of 7,338 at 38% C. ¥hen desired,
£ parts of 104 gluccae were added to the above solution., The
volume in eontast with the rgwytrimg tissus was always ade
Justed to 3.0 ec, recardless of the addition of reazents,
The zas phage of ths recotion vessel was oxygen.

#hen anaeroble glyeolysis (lactie no0ld psroduction) wes
meagured, blosrdonate-Ringer's solutlon of the following

gomposition was added:



Substanece Concentration Parts
Hall Q.15 ¥ 98
Kel 0,18 ¥ 2
0a@l 0,18 X 2
HallCly 0.15 ¥ 20

i
{

The resulting aaluiien sontained bie~rrbonuste im the physlow
logieal goneentr~tion of 0,028 ¥, and ~luoocse 0,23 and ia in
gontact with s gas phase conslsting of 95% Ny and 8% 00,
The volume of solution in ocontaet with tiassue wis 3,0 go,
ﬁﬁring nerobis work, the central well coatained 0.2 se,
of a 205 solution of KOH and & roll of filter pajper mede from
a 1.5 by 3.0 en, recicngle, In the anseroble measurements
this 00y absorption system w-s omltted,
Addition of a reagent while a deteraination was. in pro= .
gress w-s nmade from the side buld of the raaaui@n vaggnl.
The reazent wus yresent in the side buld at 1& timmm the ﬁﬁﬂw
c¢entration desirsd, since the volume of ﬁhe additiau wns D, Saa.A_
?fana th@ final volume in the resotion vaaﬁgi 5 Q @e ; ﬁ“a a@n*rf :
‘centration of the ndded reagent was %ﬁus'radﬁﬂna ten %1moa~
Hanometer resetion vessels wore suspended in = gonstant
tempear-ture water bath at 38% ¢, The shaking ﬂeﬁiﬁg permits
a gwing of 4.3 om, and & rote of 110 ocomplete oseillations
per minute. i prelisinary tempsrature equilidBration period
of 18 minutes ensucd with stop-cocks open bdefore final olose
ure snd readings,
Cxygen awnﬁumptiéa is oxpreszed in the gonventional mane
ner se tha “0py cublo milliveters of oxyszen sbsorded per nile

ligram of dried (105%C,) tissue per hour. iAneaerodiec gly-
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zgqoiysiu'is rapresseniad by Qﬁa s aouble millimotafn of aa:b#n.
Aloxide produced per miliigggg aried ilQSQQ.) t1asue per hour,
It 1s to be strassed thot these two symbola, J6g and %gzz’,
¢ignify rate and not necessarily total consumption of proe
duetion in the 80 minutes specified by the definitlons. in
the ¢ase of the former, one may mexssure oxypsen uptake for

$0 minutes or 10 minutes and express the result as the Jog
after having multiplied the oudbie millimeters of oxvgen ¢onw~
sumed by ” or 8 and divided by the welght of the dried tissue,

Male aldbino rate, 100 to 200 gms., were used throughout
this study, The animal was stunned by » sharp blow on the
osoipital base, and desth by exsanguination followed severing
the larse war&ioal vegsels. 8lices of brain (eerebrun),
liver, sksletal muscle (deaphragm), kidney, spleen, snd
Walker sarcoms #3188, 0.3 to 0.4 mm, in thiockness, were out
immediately in the sonventional mennsr. The elapsed time
bstween stunning and equilibration of the manomaters in the
aanat@nt.tamﬁaratawa bath aver-ged 25 nminutes, Different
methods of tissue prepsration have been amployed in this
study and‘will ve deserided under the appropriste sections,

The tumor ussd throughout this inveatig tlion wng the
Halker rat sarcoqs y319, It waa discovered in the percneun
of a femsle albino rat by Dr. George ‘‘alker 1lu 1928, in
Baltimore. 3ince that date it has been corried in rats and
tissue culture by Dre. ‘arren H. Lewis and George 0, Gey.

For optim-1l grosth, the ssrooma was transferrcd &t
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£ to 3 week Intervsls from ret to rot, Central neorosis
bejan at about the third week and soon inveded all dut 8
’éﬁkiﬁﬁeral shell of growing tissue, ldg&piaa used in respir-
atory study wers taken froum non-nesrotis “rons, |

Yorphologionlly, the aareoma is charsoterized by a
tuugh, amllmg@ﬁnﬁs‘eaﬁaalu whioh aﬁaawast&lly confines the
neoplastic tissue, Hicroasgopias seotions asde ai indeyvals
revesled the presende of large round and spindle cells with
.pale aytopless, The nuolel ware sbundantly f£illed with
wawklydstminiag ghrozatin material and ususlly contained s
large <nd prominent nucleolua., The tissue is ideally suited
to metebolie studles awming to the ?alativa freadon from
stroms whieh thus snhwnces the "purity” of the cell populse
tion,

Cortaln of the urcs derlvatives used wers obteined from
the Zestman Kodsk Company of Roshester, Hew York, The mae
jority were aynthesiued from nitrourea and the desired amine
by Wies Dorothy ¥ibler and Dr, Sylvan K, &armﬂﬁ of this lab
orntory, The =ynthesis is outlined in Tmhle II,

411 reagents employed wers disselved in physioclogieal
seline {0.15 M}, '?haﬁu'campounaa subjact to descomposition by
vasterial or mold contamination {such as metabolitea) were
¥ept in a refriperator snd prepsred every 3 to 4 dsys., Unw
stable eozpounds, pephenylenedismine ate, were dissolved

imnediately bntaru sddition to the reaction vessel,



TARLE IT

RELATIONGHIP OF THE UREA DERIVATIVES

NHo NHan
N\
$=0 Urea G=C  Alkyl urea
/ /
NHp HHR
NHo EHg
\ \
€=5  Thiourea C=8  Alkxyl thioures
/ /
KHg NHR
ﬁﬂa ﬁ?ga
\ s
C-8H lso~Thiourea C-8H Alkyl lso~thlourea
7
¥H R

ﬂﬁg
J=KH Guanidine
/.
hﬁa
SYNTHESIL OF THE ALEYL wiEa DRRIVATIVLE
KHplOHHy + HNOz — NWHoUCNHp: HEOxR

HoS04
NHCONH- HNO5 ——> NHCONH«KOp

NHoCORH+NOp + REHp — NHLCONER + N0 + HoO

11



REZULTS

Derivatives af Uraea

521l eompounds employed in thls sseotion bear = close rew
lastionship to urea, Thiourea, whieh contains sulfur i{n lieu
of the ketone oxyzen of urez, and guanidine, which hes an
amino group instead of oxyzen, were also used, Alkyl, or
acyl, sroups with varying numbers of c:rhon stoms wars sub-
stituted for s aingle snino group hydrogen atom, thus ereating
a related serles of derivstives., These conpounds =pre portrayed

gruphieally in Table II,

Uxymen Consumption
Insamueh a8 a great deasl of the following ssotion will
deal with respiration or oxyzen consumntion in terz:s of pers
gent-ge ohsnae from an Ialtial nor:sl Lo a lzter addition or
exporimant+l neriod, it seems fltting th-t ~bgolute values
for normal ocyzen upt-ke rate {i0,) be given.
Brain Liver iuscle Tumor
AYEBrArEe .i0g 10,3 9.4 8.5 R
No., of Det¥n 59 64 58 83
Toble LIIl presents the results of adding nan homologous
saries of derivatives, ures, methyl ures, ethyl urea, n-propyl
ures, and ne~butyl urea to tissue sllices., n-imyl urea was
oenitted hecsuse of the m:rked decrease in water solubllily,
whiaeh ocours with the tranaltion from the four to the flve
eurhon ston alde ehaln,

In deternining the influenass of » ures on OXYLEn CON-
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sumption, s slice of tissue wos allowed to respire in Ringer's
solutlion for 30 minutes, The .0, was taken as normsl for

that individual slice mf‘tiaaaa. A individual variations ere
often rather larsze, this proocedure is negeszsary, ‘The ures
derivative was Lhen addad from the side buld end the respirne
tory rate followed for the subsejuent 60 minutss., Iin order
to evalunte the effect of the nrdided agent, the nercentage

deviation, or ghanme { ), of «9p Tor the additien perlod fron
’E" mﬁ f&ﬁ EI» I

The effect of an homologous series of ures derivstives
on oxyzen consumplion for 80 minutes, Resgulis are exe
pressed s3 percentage change from conirols,

Derivative i Ro, dst'n ﬁrgin “Avsr Yusele - Tuzor
: & % %
Urea C.2 18 1l 0 10 -7
siethyl urea 0,1 11 -8 -7 10 -4
Athyl urez Q.1 b -11 -5 8 8
Propyl area Q.1 29 -8 -9 -4 - 29
Butvl ures 0,1 i3 - €8 - 481 - 29 - 68

thet for the normsl was taken., 3inees any untrested tlassue
respiring gaﬂgiggg will, in the aourse of 90 ninutes, tend

to fall of? in its r-te of oxygen consuaption, s contrel pere
ssntage deviation was determined., 7o leszn the true affact
of an «8ded sgent, the percentose davi:ation of eontrol is

subtrasted 11

:4eally from that of the sddition. Tor exw
&m§le!‘;n brain, methyl ures eauses s peresntace Qggﬁdtiqn

mf ml?.. éiﬁua'untreatc& brain will heve s percsntape deviation
of <3, henes ths true ohange im briin to be attriduted to the
aguntlim -ll, |

| In Plgur 1 the results of Tabls III are repreasented as a
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Filgure 1

The effect of an homolorous series of uren de-

rivatives on %Jo». Results ~re exsressed in

ordinates as percentage chanse from controls,

Abscissve represent the number of csarbon atoms
in the side chain.
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bar greph. It will be noted that brain and liver are rather
simil=y im resction to all five ureas, The forasr is, howe
ever, more sensitive to the depressant action, The addition
of the fourth carbon ntom in the form of the n~bhutyl side ohain
brings about a marked drop in reasyiration, I1In the oasse of
skeletal muscle (dlaphragm), ures, methyl, ethyl, and n-
propyl derivatives elioclit a smmall inorsasege in rote, Algo the
-depresaion of rate by n~-butyl ure~ is nuoh less than that in
the other tissues. iusele has the lowesl Jog of the four
tissues and this f.ot may partlally explain ite resistance %o
agentzs, The slight stinmulation svidenced by the afore menw-
tioned eompounds persists only during the first 60 ninutes
following the addition and sudsaguent deression ensues,

Zumor does not resemble very cioszely the nornal tisaues
in its remction to the five uress, 4is seen in Figpure 1, there
is evidenge of = minimum of depression at the two earbon atom
sida chain, ethyl ure:, wherens the normal tissues show a
trand of inerezsed de.remsion from ursas tn n-butrl urea, The
drop in oxvgen sonsu:ptlon rote »ith nebutyl is 1mite in
keeping with the others, but that with n~propyl is muoh lara-
2r.

Table IV sontains s group of ures derivatives whieh were
studied with the purpose of uncovering nny murked speosifislty
in aetion. ince the asoludility of sertaln eompounds, the
acyl derivatives, isoc«~thiourenss ete,., iz relatively low, don-
parison on an equlenclecular basis was nade diffieult.

Little differsnas w3 observed batween the nealkyl ureas

and the corresponding lso~alkyls, The substitutlion of anlrﬂr
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TABLE IV

The affect of eertain ures derivatives on oxygen consuaptlon
rate for 60 minutes, Results are expressed as parceninze
change from controls.

Darivative M Ho. of Brain Liver Musecle Tumor
det'n, ] % # »
n~Ayl urea Q.01 p §:4 15 4 17 - 18
Agetyl uresa 0,01 iz - 4 7 7 8
Propionyl urea 0,008 g 19 -3 8 -2
Allyl urea 0.1 B8 -17 =13 -13 —31
iso-Propyl urea 0,1 2 - 12 -4 -8 — 20
isosButyl urea 0,1 4 - 86 —-41 -—22 -
" 0,05 ] -28 -1} -8 — 37
iso~inyl ures 0.01 4 1 -3 13 -1
Thiourea 0.1 10 - 10 -8 1 -10
¥sthyl thiourea 0,1 8 -7 -1 8 13
Ethyl thiourea 0.1 4 - 7 12 14 —~10
Agetyl thiourea 0,01 5 -9 8 21 —1
Hethyl isom
thioures 0.01 7 11 2 19 12
Benzyl iao-
thiourea 0,08 8 -88 -30 -10 -
" 0,01 8 - 62 0 1 —~ 43
" 0.001 2 - - -~ —~10
Cuanidine 0.1 8 - 87 ~£4 -5 - 37
" 0.05 5 - 36 -7 17 - 35
" 0.01 8 -48 -14 14 2
" 0.005 3 — 38 -—15 - 0
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for oxygen in the thiocureas brouzht aboul ne lnersese in
depressant actlon., The iso«thiourezas, methyl and benzyl,

were less soluble than the alkyl uress, but = comparison of
these two iz nossible. Hethyl iso~thiouresn produced a2 ama=ll
inereasse in @aﬁ, whersas benzyl iso-thioures at the sane molsy
strength 2ll but adolished the resviration in brain with sone-
what less effeot on tumer =nd no effeot on liver or muacle,
The striking d4ifference in depressant acgtion is csused by sub-
stituting & benzyl for a methrl group. The morked spsoifloity
of depreassion of brain and tumor 1is interestinz and may de

linked with the fermentotive n2bllity shared by these tissues,

inaerobie zlyeolyzis

Hany tissuse have the ability o utllizs mstabolites In
two wayss (1) oxidation, or a removal of hydrozmen by the de-
hydrosensses and transfer to moleculayr oxyzeni and (2) a
series of intermedisntes and ultimately laetio noid, It ia
this latter prodess that is disceussed Iln this section,

In order to measure glveolysis, advantoge 1s taken of
the acidity of the end product, 1.s., liotle =eld, As laetie
s0id 18 produce” by the cells in an anaerovlie eunviron:ent, o
corresponding amount of earbdon dloxlde is relewsed from the
FaHCOy of the mediunm, thus the pressure ls laer@&ﬂuﬂ(in the
mancmeter, Hesults are eipressed in ter:s of ocudble millia-

: hut@ralétwoérbnn dioxzide produssd jer 80 minutaa pmk m%lliy
grem dried tissue, Qﬁa . |

The influenoe mgoﬁaveral uress -n the glyeolysis of four

tissues 1s presented in peble V, These results contrast
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markedly with those in terms of oxvsen consumption. ‘thereas
the latter was largely deprassed in both normal and tumor
colls, glveolysis of the normals, =t lenst, ia unsifected,
Tumor with its nigh rate of glyeolysis is more sensitive to
the ureas, particulsrly n-propyl ond n-butyl; however the
g 1s more sensitive then the %?E "

Uwing to the anaercble candi%?mﬁa, the visbllity of the

cells diminiszhes rapldly; for this reason, measurements mist
T BLE V

Influsnee of ursa derivatives on anaeroble glyeolvsis.

FPilgures represent 3 2 in eontrol and ndditlion perlods,

C0gq
Agent (i) Zraln Liver Tumor
Methyl urea 0,1 9,8 13.7 7.5 5.7 30,0 £8.7
Bthyl urea 0,1 10.4 11.4 8.5 S 343 23,9
fropyl urea 0.1 9,0 9.3 3.8 4.2 26,0 12.4
4myl ures 0,01 2.6 13.4 7.3 11.7 . 88,7 25.2
fuanidine 0,01 - - - - 25,3 26,9

be caarinéé to soze 20 to 30 minutea, lienee an initinl normel
period o:mnot e odbtained snd the custonary jercentage ehange
or deviation 1s not used, This type of metsbolie mensurement
is, therefors, pot :8 yrecise 8 1s the preseding one; but it
throws sois lizht on the lgtie z20id produotion of the tise

gusa while under the influence of added resroenta,

,,,,,

In order to loerllize the slte of the depressant action

of urea derivitives on tissue metadbollism, recourse was mede
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to tha apparstus of Thunberg (l@ﬁﬁ).é'ﬁy ﬁ%ialﬁathéd, the
aotivity of oertain dehydrogenction enzymes may be measured
usineg a chromstlie eriterion.

There exiat in -11l tisave, enzymes whioh are capable of
sctivating and removing the 1lsblile hydrozen atoma of many
eall metabolites, The hydrogen removed is tr-nsferred ultie
s tely to a compound ¢nlled 2 "hydrosen accaptor,usually oxv-
zen, The path of hydrozen Pfrom the primary met~bolite to its
fin:l union with oxysen is often a lonz and complex one, but
may te omitied In this ;rezent discussion, UYethylene blue is
an aetive and reduclible dye whieh oun net as sn artificlal
"hydrogen aeceptor.” Upon reduction by the added hydrogen, the
ghersoteristic blue rodes snd the sompound assunes the colore
less leuco form, The rate of raduetion of the dye nny, thsre-
fore, be used ss -n indsx of dehvdrogensse -otion ! jusstel and
“hetham, 1974}, 3ince leuso mothylene blue is re-dllv ree

_____ an to the nolorsd form, anssrobie
gonditions ere miintained,

Finely ninced ticsue suspendsd in Rinper~phosshate 20«
lution la ploced in 2 snecially construstaed Thunbersz tube,
This vessel is 5 30 ce. veat tube with ground-glasa atopper
and zide bulb, The system ¢ n be evaguated »y ma'na of s
high efficieney pump -nd sealad by turning the stonser, The
filled tudbes .re maintalned .t constont temper-ture {389)
until thernal eqguilibrium 1s estsblished, ‘'ethylsne blue 1s
then added to the tissue suspension fro: the isolated side
bulb, The tinme requlred for conplete diasnppearance of the

hlue eolor thus furniszhes an index of dehvdrosenstlon rate.



grain, liver, 2nd tunor were ground in a mortaer and
placed in Thunbers tubes with members of the homologous series
of ure: derivatives, The resulis are :rasented in Table VI
gnd Flaure 2 in terns of tize {mlmutss) raguired to complete
fagolorization of methylene dlue., . sontrol determination 1s
ineluded to afford a basls of somparison., TFor exanmple, in
brain with no "4d4ed urea darivative, "4 ainutes sgufflced for

renmoval of the blue eolor, “When ethyl urea was present, 41
TABLE VI

ihfluenoce of urea deriviatives on anserobic dehydro~
senation, (iethylene blue redustion time.)

agent (M) Brain Liver = Tumer:

' min., nin. - min,
¥one 24 14,5 43
Urea 0.2 28 14.8 45
¥ethyl 0.1 33 7.8 68
Zthyl 0,1 41 17.8 71
Fropyl 0.1 118 18,0 145
Butyl 0.1 > 150 20,0 > 150

-

minutes were regquired, indiesting an inhibdbition of dehydroe
zenation,

It will be noted that in all thrse tissues, the influenge
of these conpounds {s ons of depression and that thie seotieon
inerssses with the length of the alkyl side ohain, Brain and
tumor wers sffaectad in very much the same manner, whereas

liver proved to be more resiastant,

are confined to o comprrison of the influences of the derive
stives on 2 single tissue, Jince we are dealing with a finely

ground cell suspension in dilution insteamd of the =more intaet
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The effect of ~dded urea derivatives on

methylene blue reduction time., Abgelssa,
C is the control and 0,1,2,3,4, reprasent
the number of c~rbon atoms substituted in

the slde chaln, QOrdinate, time in minutes.




TR UYEg UOTESBICep 04 AuUIEIFed BJIOW 8] JIRATT ELeIey-
YL9dn 140G JO waTUSJILE Ye:® 0g Sesucdsed Ijeyd uy JIeTiwlE el
PRODLGE pus UWIBID  *A3JLsTow 19 9uuopilododd ST400aTp 81 UOYE

~8udlep JO 3ubl:9 2YY ‘peiwdIeTiUV 8Q DPInom v  *¢ aAnByg Uy
ATtvornded¥ pus TIA 2TQE] UT A1Te0lJouni UsOuS IR 24up 08wy}
TPBINBUDE S8 POTJID] TREIOU w JO 3UYLY IDA0 waﬁ Ty eduuio

o¥RquedIel eny pus Yseresyy uarxidesy o4 peppe Bwem BOTLTJInTOW

pepsady Jo £07J408 v U wodn TLQNg ‘*PLABIIVA UOJIvIgUOdUGH T
*ueleor ul Tworddq srwedds LTeaT3ug

«~11end pus Gs8(ley oyl JO Jequel eiljdw LTSWeIIXD UL BT 3T

0 £°0T 0 Lte 4] ' vI akdy
01~ 1*e Y (A - Prar 800
Te= 1°¢ 8- a*e e~ 8°8 $0°C
o~ 2 4 i~ 2*9 gh- 8% 80°¢C
19~ &°¢ CR~- &*e o= $*y go‘o
Y A 1ra LE~ 'y Ta~ ¢'e 01*¢
pruvyp - (A7) . sBuvygo {(#)
&, Zop ¥ Son % dor.  wean 14gng~u

Jowny, QAT |+ § € F o
| *pand Holsdmneuce uUsBEAXC ﬁa
gehg mﬁpsﬁta JO HOTleIGUeOROD 8y wﬁw&ﬁgb 3o aaﬂhuz

TIA ofquer

.vgaa«ﬁaaspgﬁ 8y 09 eTdwuYe PUY Sv POIOPTIE Bum .ameawz@@wmx
‘apan TARngeuw .haa»ﬂamaagﬁvauaa poIpnAE eq agwﬁﬁ woam

3O SeATBATIED 8YL JO F oug 3243 JI8plo Yy

D woih STARET ¥% TRIR Tiing-u

*plles VI BT SUBETY DUO QO FRGIAN

EnOLIss JO 308JJ0 @4 JO UGIGHNTLA® 20UBY PuUv T0JQ onwutTy ardute
8 J0 10onbitw Ue U0 peduEes Sum vedn Youy *esuulroxddu gmeq

g 8T @SNEETE OMq HUEex30q ueslIvduod ‘ERLYIs enesyq TUBION PUR

g3



NN
AN

TUMOR

TN

A I Y

0f

05,06

NN
NN
NN
AMAMAN
AN

LIVER

of  .0»  .od 10

08 .06

/0

NN
MM

SNONNONNS

IR

RBRAINV

N A% 02

06

0¥

/0

S 3 8 % 8 8 R
L L e

AT

Figure 3

23

Ordinates represent per-
addition nperiod after

“ropntes

The influence of varying the concentration of n-butyl
ge change from normal to

urea on oxygen consumption.

gentn
subtraction of that

ibsecissae,

of zero concentration.

molar concentration..



24

it w11l be noted that in nll tissuas o marked Talliing «ff in
action colineides with passage from 2,08 M to 0,088, Owing to
solubility difficulties, concentraetions beyond 0,104 were not
emploved,

2. Reversal of agtion., 4ll studies thus far have dexlt with
the influence of ures derivatives on the metabollam of cella
suspended in s medium contuining glusose. In other words, all
fraﬁﬁiié whian.hﬂvg heen prosentsd are a neagirs of the ﬁ%al§¢‘
gieal oxidution of gluoose or one of its bresk down produsts,
s.8, lagtis acid, In attanpting to eluecidate further the site
of the urea sction, a number of sonpounds both ohysiolozieal
«nd aynthetle ware substlituted for glucose in the medium,

Hile it is zenernlly soucedad that 2lucose and lzotle -eid

sre the ohlsf carbohydrate netadolites in vitro and verv likely
in wive (Dlokens ond drsville 1933, sshford 1933, Sherif snd
Holmes 1930, .usstel sand “hestley 1932) even though the relae
tive importanee of the %wo lg much dlajuted (Himwloh and
Faglkes 1935; Jowett snd juastel 1937; 3Baker, Pazikas wnd
Himwieh 1938}, eoertaln onther subainnces omn bs shown to a0t

o8 suhbrtrotes, In additlion, thers axlsts - class of compounds,
both netural and unnatural, =hich set ocatalytieally on netaw
bolie processes,

The »rocedure sdopted waz 1o mensure agquentitstively the
ohnnge in jog sroduced by the zddition of a metabolite or
reszpiratory stimulant to a tissue previously treated with
n-butyl uresa, usually 0,108, In some cases, the urez wns

addad after ths matabolie agment,



{a} 2,4-0Pinitrophencl, That ~,4-d4initroshenol ewusss an ine
erease in the rate of ozxidetion and hyperthermy in warm
blooded animals is well known, but a satisfactory esplanation
of these phenvizena has not dbeen fortheowing (Oppenheimer and
stern, 1239). Arhenfost and Ronzonil (1933} have demonstratasd
an inerease in anzerobioc glyeolvais of norasl aad tumor tiszue
slices under %thae influeneces of 7,4-dinitroyhencl, and sugzest
that the augmentad diyzen uptake 1s a result of helghtened lzotie
z0id oconsentratlon caused by the glveolytlie stimulation, On
the other hsnd, Dodds =nd Srevilile {(1533) found an inoreazse

in [0y of rat kidney whioh is a tlasue devold of aeroblo
glyeonlysis and henee unable to produce lagtle acld, Oppens
heimer and ‘tern {loec, eit.} rasject the hypothesis that the
reapirstory stimulstion of 2,4-dinitrophencl is based ujpen

itz ability to ast ag en accedntor of hydrosen or to stimulate
formation of lactie amecid as respiratory metabolite., Thelr
sugeestion ls that the ixaraaaaﬁ osysen consunption is rather
8 "pharmacoloszical efreazion the resulatory meshanisz of

ecoll respiration,”

The addition of 0,0008%4 2,4-dinitrophencl to brein slices
brings sbout = marked ineresse in ‘log, as will de seen in
Tables VIIIi, n-Z%utyl ures 0,10 sompletely abolliahas the
stimulation of respiratioa by 2,4-dinitroshencl, snd jop falls
to tha oharacteristie desressed level, Livar responds in a
ainllar manner,

Trom thase results, it would ajnpesr thot the devressant
aztion of nebutyl ures and the stimulant sction of ¥,4-

‘diuitrmphenol heve a simllc? locus {n the ehain of respiratory
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ozldszse) is blue-violet, Bandrowaki's Base wlth ite hronze
color gannot be the entire pradﬁa%. In his orisinal researsh,
Bandrowski nentions a dlug-violot sontamination whieh he wns
uneble to explein, ™. Donald .., Vivisn, of this laboratory,
suggestz that the bluo-violet msy well result fron semi-quinone
formation, similar %o the well known hydroguinons~quinons
gompound, jujahydrons. In the case of Bandrowakl's Baass, a
molé@uiai eomjound conpossd of tha hase formulsted above and
the reduced form in whiech the doudle bonds to the nitrogen
stome hava beenm replased by single bonds.is paatulatmd,

The ehenmistry mf‘iha oxidstion sroduet or products of
pephenylene diasine is of interest because of the intenglve
uge whiol is nade of this somnound in %iolwgieﬂl oxidantions,
‘oriers in thls field diamise the sabjlsct with the stotemant
that the product of oxid~tion is the dlelmine, C H, (NH),.
Examination of n text-doock of “rganie Conmpounds {“Whitmore 1957))
shows this compound to be vellow, Obviously, further ezplane
atlon is in order when one considers thut the color of =
blologically oxidizged zolution possesnsas u definite dlusw
violat oast,

In Table 1X, the results of the addition of neutrnle
ized s-phenyienes dlanine hydroghloride to brauin slices sre
pressanted. n-Butyl urea, O,10H, was present in some eases
snd absent in others, as indicaeted, Owing to the instaedlility
of pephanylens diasning, the ususl prellinminary control period
was omitted, It will be noted that She Og of brain in = glue
sose free nediunm averagad 7.1, Upon the addition of p=»

phenylene Aiamine {12 and 23 mg, per 3,0 ce. of mediun), the
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rate roge to an aversge value of 22,1 and 23,5, thus denmone
strating the enormous oxidstive aapagity of brain tissue {eyto-
chrone oxidose) for this substanaee, The pressnce of n-bubrl
urea has no 2ppreeclable effect on this reretion, wherens the
sample trested with the ure- snd laeking pe-phonylene Jismine

is morkedly depressaed, Thus the ubiguiteus evtoehrome oxie
dase is unaffected by the potent respiratory depresaant,

n-butyl ures,
PABLE IX

Addition of p~-phenylena dianine (I2¥D) to bdrain slices
with and without n-butyl urea 0,104, HNo glucose ndded
Coneentratlion of IPD expressed in ng. per 3 oe.

n-Butyl urea Hone

0p wog

FED 19 nmy. 20.3 22,0
23.8

TR O25 mB. 8.3 £3.0
21.7

Hone 1.2 7.9

0.8 6.9

{o) 4is explained in the ssotlon devoted to Methylens Blue
Redustion, the dye, methvliens blue, esn aot us a hydrogen
czaeptor receiving hydrozen from the coenzyns-dehydrogenase .
aomplex, The reduced dye, leuso form, 1s resdily fe~éx1§ize£'
or dchydrozensted by m@lmaulﬁr‘mxygwn and 18 thus 2 reversible
redor system under =erobic condlitions, :iinece the oell utie
lizes a terminal respir-tory complex (eytochroms-gytochrone
oxidese] whieh is onpnble of oxidizing most of the metabolle
hydrozen produced by the corrier-dshydrogennses, any inorsnse

in oxvsen consunmption eliclited by the addition of the 4ye
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(aseeptor respiration) would be sunll, If, however, the tere
minal reapirstory system be polsoned by e-rbon monoxidae,
eyanide or sny zpeclific inhidbltor, =eaeptor resplration with
mathyliens blue would be relatively l:rpe, alines competition
for the motsbolle hydrogen would bds sininmlzed {Barron 1029,
1230}, It will be moted that the intezrity of the asarriere
dahydrogenase la essentlsl for any nanifeat-tion of aceeptor
respiration,

The addition of 0,01% of methylene dlue to sliess of
brain respiring in the prssence of n-butyl ures had 1o aApe
sreai-ble effect on the depreszsed rate of ozyveen eonsuaptlon,
“n the basls of the foregoing dlscussion, this result in-
dlo-tes th+t the site of depressant astion of nedbutyl uras
is loerted in the esrrieredshydrosennse phase of ths respliraw
tory enzynatic ehain and not in the tearminal eySoohronse
oytoachrome ozidase domsin, The resulis of the exceriments
with p-phenylene diwymine and msthvlens dlue =re hiaghly ine
formative of locus of depressant aetion, Thelr modas of
operation are dizsimilar, yet they wvield corrovorating evie
dence, i.e. that the eytochrome~cytoshroma oxldase ayatem is
not affeosted by n-dbutyl ures and indlignte the carrier
dehydropensage complex as & »oszidle raeclipient of imhibition,

{d8) 3ugolinie ngid. The i-port:rnt position of the dlearboxvylio

s~@id, auzelinie, in eellul:r respiration hos beaen nutlined in
the introdustion to thia work, ¥rom the nv3s of {nvasti-atlon
of thisz eompound, 1t hrma been found by the use »f varlisus
reaoiratory lnhibitors thet suceinie aeld la oxidized to

fumarie ~eld by means of the omnlipyresent succinie dehydrozennse
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in dooperation with eyitoenroue-gytoehrome o:idase, Most ine
vestigstors deny the neocssity of an intermediate coenzryme or
"garrier” {izent-Gyorgyi, 1916; uasztel and theatlesy, 1937,
1934; Grevilie, 1938, 1937; Stere nnd “aunman, 19234; Jowett
snd Tuastel, 1937; Fotter and HKlvehjem, 1927), The results
of recent studies of the suceincxidcae zyaten hmva=aquaat@ﬁ
the presence of a flavin (Axelrod, Totter, ZTlvehiem, 1%42)
and the yartieisation of calelum and & télvalant»ipa. pomsidbly
aluninum {Potter and :lohnelder, 194%). Deapite mmaertéinty
congerning the full eonplenent of the sucelinozidsne complex,
suacinie dshydrogensse, ovtoohrome, and eyvioechrome oxldase
{atmungsferment, indoshenol oxidasa) are operstive in the
oxidation of sucoinle =eid,

in view of the results odtalned with pephenylene dlanmine
and methylene blue, the relative and nbszolute imsunity of the
terainnl respiretory svetem (8ytoohroma-cytoshrome oxidase)
from the inhibitory aotion of nebutyl urea has been demonw
strated., In order to determine the influence of the ureea on
the succinice dehydrogennse, suceinie neid may be added to
tissue areviously depressed with n-butyl urea., n unchunged
rate of reapiration would suggest inhidition of the dehydroe
genase, where:s ~n lnere~se in rate would prove its relative
immunity. 7Thie nlan wss s.ecuted nnd the results »re sre-
sented in Table X,

Tiasue sliccs were plueced in the usual Ringer-phosphate
media which cont-ined n-bhutyl ures hHut no added glueocse.
After ths respiratory rate had been determined over o 30

minute interval, succinie zoid (neutralized with sodiun
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nydroxide to »i 7,3) waa added and the rate followed for 50
to 90 minutes,

In the tissues exanined (bdrain, tumor, liver, muscle,
and kidney) there osourred s revarsal of rate wiih 2 marked
rise in i04. In absolute increass, tumor is far inferior
to the normal tlissusgs, =and this faet stronsly suumests a
defigiency of succinie dehydrogencge in the tumor. The lurpe

incresse in oxyaen uptoke following ~d4d4ition of succinate
TABLR X

The addlition of sucoainnte 0,044 to tissue &lices
treated with n-butyl urea 0.1 in absence of
ndded glucoss,

Jet'n  pebutyl +dd, suca,

uraa
Oy Gog
Brein 15 1.1 7.l
Tumor 7 1.3 4,0
Liver 5 4,9 12.1
¥usole 4 315 9.8
¥idney 3 4.7 J4,0

demonstratez the relative inteprity of ths sompdlets sucoine
oxldaze systen in the presence of n-butyl uran,

These rasults were obtained with s mediuwn to which no
glucose hod been 2dded. “hen gluenses wis includad in the
orizinal media with n-butyl ures, addition of succinunte
foiled to produce s marked sn inerease im log, This dls-
erepancy was obzerved only in brain nnd tumor. Hubsequent
gections of this pajer de-~l lorgely with an explanation and

interpyretation of this problem,



IRHISITION OF BZUCCINIC ACID QUINATION

In the foregoing szectlon whioh denlt with the reverssal of
respirstory inhivbition, 1t was found that while the oxidow
tion of slucose w s depyressed by n-butyl ure~, that of zuo~
¢inle aeld w 3 not, &dding slucose to a tisaue resjyiring at
a low level in the presence of the urea, elisited no change

in rate, sinee the enzyne systen invelved in the oxid«tion of
TLRLE O

The effect of 0,205 zlucose on the oxidstlon of 0,04
sucoinle aeid in the presence of 0,1X n-butyl urea,

Col.X Col,.II

Tiague Ko, n=-butyl urea Yo, n-butyl urea I/II x 100

Det'n, succinnte Det'n, suocoinste %

glucose -

Brain 28 4.9 13 7.1 68
Tumor 8 2.2 7 4.0 55
Liver 8 1l.2 5 12.1 K
“usele 3 10.2 4 9.8 104
Elédney 4 34,7 5 54,0 102

glucose hns been shown to be inhibited, The a2ddition of sua-
cinic asid to = siunilarly treated tissue emuzed a marked ine
oreuge in respiratory rate, demonstrating the immunity of the
suecinoxidage, ‘hen, howsver, sucoinie soid sad zlucone were
added to certnin itissaes in the presencs of n<butyl ures, =2

mueh smeller inerense in (og ocourred.

Comparison of Tissuss

Table XI preasents the result of a series of 0, deteruine

stions of wvarious tissues which had previously respired in a
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Ringer-phosphate mediun ocontaining n-butyl ures, 0.1¥, with
or without 0.20% glucose, Aftsr 30 minutes of this prelimine
ary nerloed, 0,04 succinle seld w's added and the resniratory
rate was measurad over z 60 ninute Interval, It iz the 104

Jueeinie seld oxldation wrs not ap-reciadly affented by
the presence of glucose in muscle (dlaphragm), kidnev, or

liver; however, in brain and tumor, the nddition of glucose
TABLE XIX

Effect of glucose on suseinie oxidation in the
absenes of n-butyl ures. Gluecse 0,24, sucein-
ate 0,04, Brain slices.

gluocose gluoose none none
Control
period i0a 3.7 2,7 8.5 5.8
Jucainnte
addition Eeg 14.%2 14.1 3.7 8.1
Inoresase goa 4.8 4,4 2.8 2.6
Inerease % 48 45 %4 47

oaused a significant deoresse in Qog., In other experizents
with brein tissue in which ﬁwbnt?iiursﬁ»kﬁd not h@mhgamglafaﬁ,
the presence of glueose had no depressing influence on the
utilizstion of suceinic zneld, This date has been anslyzad in
Table .II, In order to obtain this snomalous behavior, the
urea musti be Hrezent aven though 1t e:-rts no demonstably
direct effect on the succinczidarce systen,

" seareh of the wolwalnous liter:ture of Blologienl
Uzid tions revealed no mechanlsm whereby gluccse or its oxie-

dizing enzmes mizht lnterfere with the oildntion of succinio
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aeid in eellulur resnir-tion, 1t +wnz dsclded to attemnt an
elucidation of this re etion coson o brain »nd tunor ugine

n-butvl ures 28 1 nNecesdryY reasgaent,

Glueose Congentr:ation

Thne inhibhitory influcnee of glucose or 1tz intermediate
met:bolio products on the oiidstion of auseinie aoeid h-s been
demomstrated quilitatively. In order to atudy the reuzotion
quantit-tively, z2lusoas was added to the res lrastory :edimm
in a4 serles of praded goncentraticons from 0,01 to 0,309,
n-Butyl uren, 0,1, was included in the mediu~ and 0,044
suceinic acld sndded as srevicusly deseribed,

Typioal resulta of sueh a procedure with brain, tumor,
#nd liver are embodled In Flgure 4, In brain and tanor, the
tissues ghowing the oxldrtive inkibition of susasinats, an ine
varse proportion s.lzts betwogen the glueose congantration and
the Oy (aucelinate oxidation), L% has been found that there
wrg 8 liniting coneentration of glucose bﬁymnd whieh no fur
ther dininution of 0p 2B antad. This value ranzes from 0.23
to 0.35%; the preolse concentr:tion varies from tissus to
tissue ds~ending on the met-dholle state of tha cells and olher
factors, The results obisined with liver are at wvarlanee ={th
those with brais =nd tuzor, The effect of zlusosze on liver

09 is one of enhanceemant rather than innibition,

tionw-s jeclficity of the Heagent

In order 10 produce e inhidliion of succinie acid oxie
dation, in the presense of glucoze, 1t h:is bsen found that

n=butyl ures must 2lso be a2dded althoush 1t apssrently has



G.o 4.0 130

BRALN E TuMmoenr LiVER
50 ¢ 30¢ l2.0¢

/O,
Yo / z.0} / .ol o
O—/j
3.0 . {,0 . . fo.o . .
0.05 ©0.64 o.05 o©.02 oo 9o 0.50 O.40 o030 o©-Zo Olo ©.50 o.4o 0-30 O.20 Ouo

Figure 4

The influence of varying concentrations of glucose on
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no direct affect on the guceinoxidase, To determine »hather
n-butyl w-s specifically required wns =coomplishsd by sude
stituting chlornl hydrate, = narcotic agent of an emtirely

different chenleal eonatitution, for the ures, It was found

H WH,
| / 7
0140- C-0H o=
3 | N
(3351 HHe g4ﬂg
chloral hydrate n-butyl urea

that ehloral hydrate 3.%0% oaused z marked deprassion in the
10, of brain and in this pharascolosieal aszrect was sinilar
to the ures.

In a series of 3 siperiments 1in which the =medin contained
ehloral hydrate and succinie aelid, the presence of zlucose
occaslonsd an averaze 0, which was but 75% of that of the
glucose free media. Thus the resulis with ohloral nhydrate
¢losely resemble thoss with n-butyl urea, Chloral hydrate
was enployved heeause of its shemical Alssinmilarity to nebutyl
urea., The substitution of a darbliturate would not afford the
same degree of ¢rucinlity owing To the chemienl relationahin

betwesn 1t and the urss,

Comparison of Garbohydrates

In explaining the inhibition of the suceinoxldase systen
it was of intsrest to know whether the action of glucoze was
specific. aocordingly, 8 number of aesrbohydrates and deriva-
tives were subatlituled Tor gluccse and the oxidation of suge

¢inie neld in drain determined as before,., “hen the influence



an

of a2 oarbohydrate was to be azcertained, a sontrol with no
added oarbohydrate was run sinultaneocusly, Hesults vere
expresaed as the pearoentile relation of the former to the

iatier, 1l.e.,

102 0f sarbohydrate G%ﬁ%w ning samale .
0p Of oontrol scmple £ 100

The influence of 18 common corbohvdrates and darivatives
on the oxidmtion of suceinieo seld in the nreaensces of nebutyl
urea was determined on brain sllces. The sxperimental measurew
ments were made in oracliaely the same wmannaer az thoas deserided
with glucoss, Tadble LIII summarizes the rasults obitsined and
includes deternlinotions with zlueose to alfford a basis of
somperison,

Of the 18 gozzounds exnmined the only marked inhidvition
of o, (suceinnte oxidation) wes induced by pluccse, The
ras;&ratgry rate in the »resence of this monosnoccharide wus
68% of that in its absence., Hannoss produccd a alight inhi-
bition of succlinic neld oxidation or 88% of the control valune,

¢f the substonces examined, fructose, mannose, sorbitel,
manaitol, laetate and pyruvate sre metabolized to some degree
by isolated cells and, therefore, share this osroperty with
glusose, n even closer relationshl) exists in the ouse of
glucose, frustose =nd mannose, »hieh is =manifeatsd in the
well knowxn eguilibriuam mizture of these manwa&QQhﬂrida5
through the intermediation of & eommon enonl form (&rastrmn%;_
and irmstrong, 1934}, A number of invaati@atur@ {ﬁégeﬁhaimar

and Stern, 1939) have sugzested that ths primary »rodust of
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TiBLE QLI

The influence of e¢srbohydrates and derlvaiives
on the oxldation of suvecinie aseid 0.04%, in
brain; in the presenos of n-dbutyl uras 0,18,
Aegults expressed as psraent of eontrols hxv&ng
no ndded ocarbohydratesn,

Substance Sono., Ho.Det'n, % of control
3lucocse 0.204% 20 88
Fructose 0,20% 4 111
Mnnnose 0.20% 8 88
Sorvose 0,20% 1 119
Galaotone 0.80% 4 108
Trehalose 0,20% 2 108
Sorbitol 0,20% £ 100
iannitol 0,20% 1 100
Duleltol 0.80% 3 108
fylose 0,80% 2 99
Aradinose 0.20% ) § 112
Rhamnose . 204 1 111
lacgtate 0.0128# 8 128
Pyruvate 0.185H 3 110
Glusonate 0.80% 2 102
Hexose 41 PO  0,.20% 2 108
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galucose breakdown 1s the emnl form whieh 15 stadbilized by
enzymatie phosphorylation In the number & earvon aton posi-
tion yvielding 2 hexoze phoajhate, In sueh a scheme, the ecell
should not diseriuzinate anzong zlucose, fructose, =nd mannose
in their qualitntive oxidizability, ‘Yosaidly a difference in
conversion veloslty mey sxplain the guantitutive 4ifferense
observed by many in both in ¥ive and Z$E§2 ozldation of these
hexoses and ~lzo tn the imhibition of suoccinste oxldation
under dlseussion,

The fallure of lactie und syruvie acids, neutralized
with sodiun hydroxlide, to Inhibit sueeinets oxidstion w-8
surprising in view of their positions as theoreticsl intasrmed.
i@ry_prméaata of glucose degrsadation, Junstel and Yheatley,
1532, investlzated ths influence of zodium lactnte on sucelnie
meld oxldotion and noted a alight inkibition whigh they termed.
the Qagabia@ﬁaatiwn ot laetate,” Their ﬁtﬁémﬁhayxm.umeééerﬁﬁ
themmaahaaism of the rasetion were unsuccessfal., This “"sparing
agtion” gould be demonstrabded in the adsenes of a denresssnt

subatsnee but not in the presenss of such an azent.

Order of sddltion
In 911 previous messurements of suceinoxidase inhibition
by glucose, the sucoinie 2018 w:s ndded to the tissue resyirinz

in a Ringer-phosph-tes medium containing a-dutvl urea snd
glugcose, The succinrte wig slweys ndded 30 minutes =fter the

veglnning of the sxjerinent. 4in this section, vurlous corders

or addition have been studied together with the elament of
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time. In esmeh evalustlion of succinate inhibition one nmensure-

ment wus made in the presence of glucose and a psrallel one
in itz absence,

1, ZIime relstionahin., Table LIV presents the results of a
seriss of determinations of succinio aeld oxidation in bBrain
and tunor sllees. The order of additlon of eonstituents was

identical with that of the previous ylan, as nentioned above,
TABLE XIV

Effeot of the slapsed time hetween the a2dditionsg of
Zlucose and suoccinate on the oxidation of ths latter,
n-Butyl urea present,

Time 0p 4 of eontrol
elnpsed
min,
Brain glusose 1+ 4,9 70
none 0 7.0 -
glucose 13 4.4 72
none 18 8.1 -
a2lusoze 45 5.0 68
none 45 7.8 -
Tumor gluocoas Q 3.3 58
nonag 0 8.9 -
gluocose 43 3.7 50
nons 45 5.4 -

The vurlable faetor wasg the time whioh elapsed 1t the sturt
of the experiment, and the subseguent addition of suscinate,
Hsasurenents of Qg began with the advent of suscin«te in the
mgdia, The results with eanch time interval ware similsr and
closely resembled those obtrinsd in praviouns work with the

30 minute hiatus, Thus, the time faetor in this order of

addition ia relatively uniaportant,
s 3lugose following suscinate, 4is another veriation in the
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pattern, glucose was added to the medlum 30 minutes after

the addition of suecinate »nd n-~butyl ures, A typleal serles
is arranged In Table XV, OGlucoss, even though added after the
sucelnie acid, exsrts an inhibitory sffect upon the latter,
Some depresslon of the sucoinoxidsse systenm is prsssnt ale-
though mueh less than that when glucoss wag sdded hefore the

suceinste,
TARLE XV

Sugoeinie »6id oxidation ae influcneed by the
addition of zlucose subseqguent to that of the
substrate and nebutyl urea. Brain slioes.

n-Butyl urea M, 0.1 0.1
“uoginate M, 0.04 0.04
‘«fmg 6.,5 ﬁag
Add, Glucose % 4,20 0.0
0y 4.9 8.5
feroent of original 75 ag

3. n=Butyl urea following glugose 214 succinate., Tissus
glices were pl-2ed in Ringer«phosyhate media sujpplemented

with suceinle aseld and glucoss, asfter J0 minutes, n-butyl
ures was tipped in from the side bulhs end Jo, measurements
initiated, Table VI 1illustrstes such a p»roosdure, Here,

23 in the precesding sondlition, aluaose produces aaﬁo'inhlﬁiﬁ

- tion of suceinie acld oxid=tion but‘ia qu@atit&&ivaly inferior
to that effeoted when n»hutyi%ufam %mg introfucss ba%mg& the

" substrote, sucoinie acid.

It has therefors been established that the maximun

inhibition of szueeinoxidsase is producsd by the addition of
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suceinie =2aid to medi= alresdy coutsl ing glucose snd n-hutyl
urea, <hether the -etual onuse of inhibkition be (1) direct
adsorption complex of glucose or its enzymes on the suocine
ozidese or i2) toxle uroduot of zlucose degrsd-tion, elther
normal or abnormsl, the inhibition renection is fevored by
the advent of glucoase simultsneous or jsrior to that of

sucecinate,
TARLYE VI

3ueeinio aeid oxidotion as influenosd by the
addition of n-dutyl urea aubsenuent to thast
of the substrnte glucosa, Ermin sliges,

Jueeinate X, 0.04 N.04
Glugose % 0,20 0,00
Add .n-butyl urea 0.1 0.1
%ﬁa 8,0 72
Parasnt of origlinnl 43 59

Brain Brei

“When fresh brain wos ground in a mortar snd suspssded in
5 volumes of distillsd water, the resulting &us?@naianhor
brei contained no intaot colls on microseople exanination,
The combination of mechanleal agitatinn and hyootonie ovtolysis
reduccd the tlssue to a colloldsl suspension and cellular de-
bris, JSueh a bral exhibitsd = low, residusl respiration whieh
f-iled to inerease aporsoaiably when glucose wes added, A
typleal figure for the residual respiration is 7.4 oun, =mm,
of oxyzen par hour and with 2liuvcose, 7.3 ou., mm, of oxyzen.

Approximately the s me rssults were obtained with a liver brei,
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The reason for the insbility to utilize glucose may possibly
Be the dilution fzetor or the apatlal separation nf enzyme
gomplex from substrote, 3ince many actlive oellulsr enzymes
are re:dlly eitrected and partially purified, usually after
rather drastle trestment, 1t does not see likely that the
prosedure followsd above would suffice teo 1aam£i#a%@ an
individunl enzyme, per so. _

Innsmueh =83 brain bdrai sould utilize suaainié aold and

not glucose, it wis dsolded to detsraine the Influence of
TABLE LVID

The influence of gluococse on sueeinie aold oxidetion
in brain brel. Oxygen consumption ezprezsed as ou.
me. per houyr, n-dutyl ures present,

Prei Gluoose Hone

1,0 ac, 131,90 1%29,0
Q.8 eo, 4%;? 41,2
@vﬁ Lo £ 29 42,3 40,3

the metabolieslly inert zlucose on suseinste oxidation {n the
presence of n-butyl urea, Table i{VII sumasrized the results,
In gortradistinetion to results obtsined with brain
slioces, no iRhidition of sucainate oxidation by glusose was
prasent in brei. Undoudtedly this difference in reasotion
may be entirely acoonunted for by the absence of glucose
metabolisn in this eell astete, Desplte ths abaormallity of
the prejaration, an obvious inferanss may be drawn, In ordar
for glucose to affagt inhibition of suceinie acld oxidation,
the enzyme gomplex responsidle for the metabolism of glusoze

must bs spatislly intagt, althonsh it is partially inhibvited
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by ne-butyl urea,

These results are aus-sastive of the relative complexity
of the glucose and succinle ~o6ld cxldizinn systens, It ias
rezaon=ble to sssume the Lwmunity of individurl enzymes to
the processes of brel formation nnd attribdute enzymstio fnile
ure to molesular or colloidal disorientstion, iinece both
metabolites require the partielpation of at lsast two snzymes
or “"earriers,” an interruption in their spatisl relatiomship,
e.7. dilution, would necasasrily rundsr-tﬂém less effioient.
It therefors followg thnat the systen displzying more exten-
sive inhibition in the breil osreparation is the one of araater
gcomplexity., Thus it would appsar that the oxidizing eomplex
of zlucose is constiituted of nmore individual particliponts
than that of suscinic aeld, in view of the almost eomjlete
fallure of glusose utilization as sontrasted to the ra2pid

oxidation of sueoinste,

an earlier seotion sontnins a desorintion of the mechane

ene

ism of methylens blue raduotion »nd 1ts zsany in the Thundbers
tuba. 3ince the dye reduction involves & relatively sinmple
enzynie pstiern, results are often informative.

Juseinic acid 0.043%, n=-butyl ureas 0,1, snd glucose 0,73
were plrced in the tudbes tosether with brain and medla; and
the affect of glucoge on the reduction tims of methylene bluse
by sucoinste was measured, The results, sziven in Table TVITI
revesl the abssnce of succinats inhibition by zlucose, In

this technlque which is conductsad under atricily anasroble



TABLE <VIIX

ilethylene blue reduction time of suceinie aeid us
intlusneed by glucose, Braln suspension,

Constituants Reduotion time

miu. min, aver.,
2lucose ULyl wewe 150 = 150
- - Suase, 17 15 18

Glusose - Suece, 12 10 11

o—-— Butyl Sues, 30 29 28
- Butyl Suce, 30 23

flucose Butyl 3Suec, 29 23 28
3lucose Butyl Suece, 28 32

TABLE A(IX

The effect of glueose on the oxidation
of p-phenvlene dlamine (F7D)} in brain,
n-butyl ures present,

PN in medis glucose aver, none aver,
NOg “0g  0p WOy

20.6 23.8

28 ma. 31.8 28,7 21.7 23,5
3‘ ¢? 23,5
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conditicns, only a portion of the enzymie chain is orerative,
In view of the results it would appear that the presence of
the cerobic snzymes in sotive form is a requlsite for suceinate

inkibition by 2lucose,

Glucose cnd p-thenylene dlamine

p=ihenylene di-mine shores wlth gueeinle asid the ime
munity to oxidative Inhibltlon by nebutyl urea., “hile the
former is not in itself indi:zanous to living tissue its utidi.
zation by the osll entails 2 physiologioal meshsnism. Sinoe
it haz been demonstrated thst glucose in the presencs of n-butyl
ures exerts an inhibitory influsnce on suceinic acid oxidation,
subatitution of p-phenylene Al:ninae for suecinate w3y undere
taken., The results =»re presented in Table {IX,

90p values obteined with p-phenylens dlomine must bde son="
tin&d tc raaﬁigga of oxyzen emnsum;taaﬁ aver a ?%1%%1?91? small
intarval baeamaa of the sitremae 1natﬁh$1ity at the xﬂlsauie. -7
Thua tﬁasa t&sﬁara acgentauate indlvidusl vqriati@ma; However,
no evidense for appresiable inhivition of peshenvlene diamine
by zlucone ig present,

The depraessant agtion of gluacse, =23 shown by suecinate
inhibition, is inoperstive mzninst pephenylene diemins, undery
the seme conditions, 3ince the oxidsntion of the latter s
an indes of funatiocn of the ternminal respiratory ohain utilized
by suceinio =eld, its immunity to depression sumceats thst

glugose inhibits suceinio seid metsbolism in the primary phase,

* Jae earller segtion devoted to this eonpound,
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posgibly at the dehydrosenasa,

dydrosen-ion Congentration

In the presencs of & phoszh=ts buffer, the pii of respira-
tory medla oh nges very a2lishtly when tuwor and brain oxidize
elther glucoss or succinzte., However, determinations of hydronsne
lon congentration of mediz showing the inkhibitlon of sueeinloe
agid oxidstion by glucose in the sresence of n-butyl ure- re-
vealed increazed soidity. Table ({ pressnts the results of
this procsdure with brain and tusor. 411 media sontained
n-butyl urea, 0,1Y, snd succinle saeid, 0.04¥; dbut gluecoss, 0,24,
was present in only helf the cuses, &ag measuranants ware
made in the ocustom ry manner and p" estimated by use of the
Becokman p! metar,

It will be noted in table X in the portion of results
derived from braln and fumor in the presence of esnlelun thet
the a2dd4ition of glucose ¢-used direatly or indirectly {1) ine
hibition of sucolinate oxidation, snd (2) 2 marksd pH dscrease
in medla, 'ths glucoze free tissuss had a pH value s8losze to
thot of the original media, 7.3, wherens those with added
gluccse were often as low as »H 6,0,

In order to ascertain whether the incrensed acidity of
the tissues and media was 2 contriduting cause of suecinate
inhivition or merely an effect, medin were ,repared with a
sories of pH values from 7.3 to 6.8, These medla ware of the
same oomposition as those used throughout this with the ei~
ception of the »il of the phosphate buffsr, n-Butyl ursa was

added to thls saries with suceinie seld but glucose was omitted,



TABLE XK

Influenes of Caleium, 0,003¥, and pH of
medis on suesinnte inhibition by glucose,
- n-butyl ures present,

Yo glucose Glucose
Qﬁg pH Qﬂz pE

a@ain aalﬂiﬂﬂ\ ?g? ,1:35 5.1 5;&&
Bl 7,28 4.3 8,78
10,8 7,32 8.7 8,98
@;5 "43& @.6 6;?8
10,86 7.25 6.0 6.90

No
@ﬁlﬁiﬁu 10,0 7.21 8,6 6,88
10,3 7.38 9.1 8,98

Tumor Caleium 4,1 7,18 1,9 8,49
3.8 7.21 1,2 6,50

Ko
Celefum 2.8 7.1z 2,5 6.84
1.8 7,20 2,1 6,70
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It was found th=:t ot pH 8,8 to 8,9 suceinate oxidation
wag Inhiblited in the shsence of glucoss, Thus lowered pH, ns
a result of the presence of gluooss, may be looksd upon as

an ascessory in the suceinie aald inhibition resetion.

Influence of Calajus

Az desoribsd inmtnalareaaﬁing saotlon, ﬂln@mr«yhasy&nta
media of vsrious »¥ valuss were preparad for the purposgs of
simuleting alucose inhibitlion of suecinie aaid, In addition
to the usual Binger-phosphate solution, salime or 0.15K sodiun
ehloride and a bhorete buffer mixture were alsc esploysd as
medin. Thia latter solution has bean extensively employed
by Pelnstsin and 3Itare {1940) and was compounded in accorde
ange with thelr direetions. It contsined borie -old, sodium
and potaseium ohlorides and was adlustead to pH 7.3 with
sodium hydroxide,

When brain wes ~dded to sither of thase ne?iz togethsr
with n-butyl ures snd succeinate, 1t was disvoversd that glue
sose had no aprreslable effeot on the oxidation of the sus-
ginate zlthough o was merkedly lowered in the nresence of
glucose, It wag, thersfore, assuned that seidity was not the
entire cause for succinate inhibition by 2lucoss,

4 ocomparison of the composition of the three medils used,
i.e.Ringer~phosphaute, saline and borate, revenled that gal-
cium which was contsined in Ringer-phosphete w2s lacking in
the otherz, Acoordingly 2 modifised Ringer-phosphste medis
wna prepared to whioh no oalolun was ndded, -here possible,

gaxlglum free gnlis ware usged s8 the neoses ry inzredients.
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The GJog of brain and tumor slices w:s messured in the prusenss
of sugeinic meld, n-butyl ures with and without glucose,

Table XZX summarlized the results when earrled ocut in ecleium
fres Ringer-phoasphazie and the eustomury Ringer- phosphnte cone
t-ining eslolium,

in ealeium free medla, with both breoin and tumor, the
addition of gluococse produced insignifiecant chenges 1n oy of
sucoinia aoid, althouah the pH fell sharply. “hen caloium
wag replaced, the uausl inhibition of suecinic sold oxid-tion
by glueose was mrnlfested. It is, Sherefore, appasrent that
the inhiblition resction regnuires asloium noting in the presence
of subnormal pll, Nelatively high hydrogen~lon coneasntration
hrns, per se, llttle effect on the functioning of the suceine
oxidsss systen,.

To deteraine the influence of calelum on suwoeinie oxi-
dation in the abaence of nebutyl uresn the series aszembled in
Table X{I was prepared, It will be noted that the addlition of
caleium prodused no appresiasble change in the oy of sucelinis
seld, either in the praaené& or shsence of glusose, The pH
of ull medis was approximstely 7,3 throughout the series,

The results appearing in Table LIl waiﬂ assenbled for
the purpose of demonstrnting the non-speelficity of calelum
in the sugcinate oxidation imhibition remection. In this pro-
csdure the salt to be assayed was subetlituted for oaleclum
ohloride and all other components of the 2ystem naintalned as
usual, The divelent ¢ationsz, strontium, barium, and magnesium,
produced suceinio seld inhidlition similar to thot with ealelum.
Attempnta to substitute the trivelent aluninum ifon for ealoelium

were not oonelusive, owing to the insolubllity of the Tormer
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in alkalline solution., The negative aulfatw ions whioh 2re aso
effective in jrotein precipitstion, prrtieularly =s the anmoniunm

salt, were without effeat,

Various lisdis
Mention has been made of borate auﬂraﬁliaa'salnéioa& and

their adoption as resplratory medle in sucoinate oxidation,
TABLE X1

The effect of Caleium, 0.003H, on sug-
¢inic zeid oxidation in the ahbasanaoe of
n-butyl urea,

Ho Glucose Glucose

Caleiunm 9.2 17.7
& .g 1? QQ
9.4
10.6
10.4
average 2.7 17.4
Ho 8.0 13.8
Galolum 9.7
10.68
average 2.7 18,8

another typs of medlas was prepared by combininz suffieclent
sodium ohloride with M/15 phosphate buffer, pH 7.3, to render
the resultant mixture isotonis to serum, The influence of
#lucose and csleium on suceinic 2014 oxidation of brain in
these media wus compared to that in the sustomary Ringer-
phosphate, Table XIII, 3ince previous work had been ¢asrried
out in the latter environment, it was decidsd to study the
renction in medis of dAlfferent and less physiologloal compow

sition,
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TABLE (XII

The effect of dlvalent =nd trivalent ions,
0.003%, on suseinste inhidbition by glucoae.
n-butyl urea present,

Yo #lucozse 2lucose
Qﬂa pH Qaa pB
Brain Control 10.0 7.2 9.6 6,88
6“7 b 5’3 -
BaCly 9,2 - 6.3 =
9.0 - ﬁ’ﬁ -
12.8 7.20 2.1 8,80
10,1 7.12 3,8 8,91
Kg30, 3.5 - 8.8 -
4101y 9.2 - 10,8 -

Tamor Control .8 7.12 2.5 8.84
Mgﬂla 3.7 - 2,0 -
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TABLE IXIIX

The influence of onleolum, 0,003M, on the inhible
tion of sunoinie zeid by glucoze ip various medi:z.
n-butyl urea. Brain,

Hedia  No Caloium Caloium

3lucose tione (tlucose Hone
oy og og 0g
3‘}‘.&3‘ T8 50” 4.3 8.8
10.8 9.7 4.5 7.8
- - 5;6 1145
- L 21 4‘6 5;6
SVerage 8,9 8.8 4.8 3.8
a’»n&ﬂr"? ‘3..23 IQ‘Q ﬁ»’ auﬁ
f“hﬂapmiﬁﬁ* 9.1 10.8 5.8 8.
' - e 4*? 70?
[ -~ ‘g? ﬁi‘
e - &tﬁ ﬁ.‘g
average 9.4 12,8 5.1 7.9
Fhosphate 18,8 10.7 9.0 12,0
11.1 8.6 10.7 10.8
9,8 8,8 P.1 8,0
9,8 11,0 11,0 10,3
10,0 10,6 10,3 10.1

11.0 10,3 - -

8'5 Qgg b L
average 10,3 9.5 1241 13,8
Borate 9.4 7.8 7.0 135.4
7.8 7.9 6,0 1.1

9;2 ’?.‘9 - -

3;5 @‘5 - ”»
average 8,7 8,3 845 12.3

oo

d Qgidﬁﬁm in Ringer-phosphate was 0,0003H,



The results with saline, borate and Ringer-phosphate
ware essoniially the same., Inhibitlon of sucelnate oxidation
ooccurred only in the presence of glucose and caloium in these
medla, 3inae both borate -nd s-line containsd no phosjphnte,
the piurtiecipation of phosyhete lons in alucose degradation
would appear unnegessary. This soint is, however, sublect to
debate since the tisaue slicea may e¢ling tenaslously to traces
of the element desplte atiempts to remove it, The essentisl
fact is that phosphate, if present at all, existad at a de-
finitely subnormal level.

The combinstion of glueoses snd onleiun falled to effaot
inhibition of sueciniec meid in the strongly buffered ?n@agha%a
solution, pH veluss obtained from this mediunm rgvaaleasshat
the productiocn of asid fronm gluaaas sanaed no significant
drop in pi, This fast alone axplained ﬁﬁﬁ{la@k‘@t 1ah1h£ti¢ﬁ

in the strong phosph-ts medium,

serobie Jlycolysis
Attention was dirsetad to the zeid derived from glucose

in the presence of n-butyl ures and auaainﬁte. The media

vielded a nesntive nitroprusside test,but a nositive ¥elling's

teat for lactic acid was obtained, Juatitiative determinations

were instituted using the method of Freldemann, Cotonio, and

Shaffer (1927), and the results with brain and Stumor were tabe

uleted in Table (XIV., The values are sipressed nsg ng, laetics

acld per gm, tissue and represent the production during s

90 minute period (aeroble glysolysis).

The primzry surpose of these daterminations wss to messure
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DI3CUSSION

Agtion of Ures Derivatives

In general the influence of derivatives of urea on i
yitro tissue respiration wos one of depresslion whieh inereased
with moleculsr welght, Certsin ureas, usually of low moleo-
ular welght, producsd a prellainary stliulation of Jog, but
this effact wag soon replaced by depreassion,

The various tissuea ezanmined displaved variations in
reagtion to these agents, Those poascsalng a high 10y were
often inhibited more than those respliring at s lowar r-te,

The order of tissues with raespect to reslistance to depressiom
to the iy;iq%l n-butyl urea was se follows: musocle, liver,
tumor  end brzin, kidney,

“ith rerard to possikle ehamotherajeutie application in
neop.astie patholoay, one compound examined whieh evidenoed
promise wag nepropyl urea, In 4in vitro studiecs of Qog, those
normal tissues were but slightly depressed, wheress that of
tumor was lowered somewhat more, Owing possibly to the indie.
vidual variations inherent in such messurements, statistioal
anslysis by means of “robadble Lrror iave a "slight signifiocance”
£o the differsnce in degree of respirstory inhibvitlion in normal
and tumor tissues., Desplte the ocgeasionallw unbridgsadble gulf
separating results obtained from in vivo =nd vitrg studlies,
the influence of nepropyl ures on tumoy bearing animals should

e tasted,
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Kode of ictlon

In dsteraing the mechanism «nd loocus of action of the
urezs, recourse has besn nade Lo special systems nnd reagents.
lLiers observation of ‘og inhibltion by a urea discloses little
information soncerning the msahanism involved, In the anaero-
bie mﬁthylanQVBXue rcﬁustiga teohnlque, only the initial
respiratory enzyne ohain is operstive, Thus the reterdation
by ureas of dshydrogenation tinze inm ths wvarisus tissues indi.
osntes inhibition of the dehvdropgenass~ooenzyme complex.

That the terminzl ressirstory system of sytoshromew
cytoechrome oxidase 13 immune to urea derreasion was eviéenaga
by the laek of influence of n-dutyl urea on the oxldstion of
p=nhenylens dlamine., Jince the utilization of this latter
eompound is entirely dependent on the sytochrome oomplex, any
damage to thig systen would naturallvy be manifested in the
oxidation of the diaaine, Another line of evidencs for frea-
donm from depression was afforded hy the unimpulred oxidation
of sussinie aeid in the presence of uress, This metrbolite
requires only & ajeeific dehydrogenase and the oytochrome cone
plex for oxidation,

From this snd other evidence p»rasented in the text, the
loous of ths depressant sotion of urens is assigned to the
initial respirstory enzynme complex (the dehydrogenase-coenzyne)
which 13 responsible for the sotivation and removal of aydrogen
from the netabolite,

The evenis oeccurring in lop, depression under the influence
of n-butyl ursas may be pietured in the following manner)

(1) The zerobie glyocolytiec mechanism which 48 uninhibited
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gonvarts glucose to lactic soid,

{2) Since both gzlucose and lastle aeld dehydrogennses
are depressed, neither meltadollite 1is dehydrozenated
and oxidation censes.

{3) Glyeolysis continues with the acoumalation of lao-
tio seld snd the oconeomitant disappenrsnee of glu-

028,

Suceinate lInhibition

It has been shown that the oxidation of suceinioe aold ial
inhivized ﬁy gluecose in the presencs of n-tutyl aréﬂ.'uﬁefarn.
an&aﬁw&a garlier made to the oxidizing 5y$€ak of suceinle scid
which is composed of a dahydrogenase ecoupled wiith the eytoohrome-
eytoahrone oxidsase, Jines the latter somponent is lamune to
the inhidition invelving succinate 2s demonstroted by pephanylens
diamine oxldation, the dehydrogensse is lmplicated as the site
of depression,

In the proceding dlscuszion, the mechanism for obisining
the acid condition of the medls requligite for susainate inhiw
bition was defoned, The meana by which esloium, =etion at ¥
8.5 to 6,8, inhibits the sucoiniec dehydrogsnase, is however,
not entirely understood. The possibility of floooulation of
the colloidal dehyvdrosensse by divalent estions wns exsnmined.
i1t was reasoned that since the stadility of emulsolds is di~
minished as the lso-elestrie polnt ls approsehed, partioculsarly
in the presence of gerteoin ions, th t sunh & set of condltions
mizht be effectlive in this ceze, 8 given by Ogston and ‘reen
{1935) the 1lso-eleatrie noint of succinie dehyfrogenzse i3

approximately 2H 4.8, .inee the »i! of the inhidbition nedia
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was usually 0,7 of a unit nesrer 7 4.5 than that of the normal
mefila, eolloldal instadbllity may be proportionstely incresssed,
ixisting at a »d above 1ts iso-elestric point, the ;rotein
dehydronenase would carry a negatlive oharge. The faat that
divalent cations and not anlons effected suceinie scid Innhi-
bition would tend to support this view, Obviously further
investigation is required to explain the observations,

In view of the similarity in sotlion batwean the uras
derivatives and the nercotios, it would he muntielipated that
during narcosis dbraln eytoplasn would suffer a fall in pH
by virtue of laetiec aeld wooumulation, The relationship bee
tween the blood calcium and that in brain has not besn eozsletely
desoridbed; but the rresence of approximstely 34 na. oalelum
per 100 gm., fresh rat brain (Hess, Oross, “einstook, and
serliner 1%32), even purtially ir the ilonlc stnte, would suf-
fiee to fostsr sucoinate inhivition, Varicus psychle phenomena
{amnesins, mental sluzszlishness, sleep, ete.) and thair possible
ralationships to the attendent calelwa and hydrogen-ion in-
cresges ls reviewed hy Page (1932,,pp. 217-745), Concelvably
;ﬂoh sorrslations m&y:be partlelly explained on the basls of
- inhiditien of the vitsl sucolnle dehydrogzenase.

. | Hention should ﬁyfﬁaaelai;tha uge of Coenzyme I in the
suceinate inhibition reastion. Mphosphopyridine nueleotide
wag extracted from drewers' yeast by the method of 1lliamson
and Green (1940). ‘‘hen tracss ware ndded to gzlusose, n-hutyl
urea, snd suceinle aoid, the ususl oxid tive inhibition of the
128t substanee wss not observed, This proeesdure wes not stud-

fed in detail and, therefore, requires further investigation,

96898
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The results, howaver, sunzzst surtiein-tion of the cosnzyie

[

in tre Annlvition of sucolnox
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SONCLUBICHS

The derivetives of ures examined depress the OXiygen 2ONe
sumption =2néd znuerobis dehydrogenation of normual asnd tunor
{(Wzlker rat iarsoma #319) tissues, In general, this de-
preseion is proportional to the moleocular weight of the
eompound,

The oxidation of 20 common e¢srdbohydrstes -nd derivatives
ie inhiblted.

Juceinie noeid {suocoinie dehydrogensss) snd pe-nhenylene
dismine {eytochrome complex) are not influenced,

Anaeroble glysolysis is slightly atimulated in normal tis-
sues. by the uress but somewhat depressed in tumor, wheress
serobie glyveolvsis in braln and tumor is narkedly acceler-
ated vy n-butyl ursa. ‘

By the use of specinl rreparstions and reagents, the loous

‘of xqsgrr&tury &agrsasien wass restricted to the aahyérav

msn&sa~e@cnzyma somnlex,

The ozxldation of suceinic aocid is inhibited by fluscose in
thae prasence of n-butrvl urea or eertain other depressant
azenta, Thia result is effected by the inoreased laotle
aeld production and the avzilable oaleium lons, 4An inter-
pretation of thls reaotion is sreszented and its possidle

ralation to narcosis discussed,
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