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m r n o m c t i m

9M l s i
A study of the inf luma®, of various derivatives of urea 

on oellular metabolism h*e been undertaken with m twofold
purpos® s

1* to aampere the ram®tIona of various normal and 
t u n e r  l i s i M s *

E~ to determine the mod® and alto of tot ion of these 
compounds«

A discussion of the history and voluminous literature 
of Biological oxidations la f r beyond tha seope of this 
paper. Extensive treatment of this 'subject la presented la 
tli© review* by 01 xoa 11938)» Oppenhelmsr and iSbajpt (1939}f 
3xent.«’&yorgyl ! 1930) f Elvehjem r>nd Wilson , and .1111 ott
(1941)9 and many other®. it will thus s^flac to outline 
a few of tha systems examined la tha a oofs a of study •
1. Bcanlretioa. True respiration h--a its 'site in tha ©all 
and is concerned with tha oxidation of foodstaffs with the 

.V;:acfniripllad xalaasa of energy* Cellular. m m y n m  /..activate'. tha 
ultimate union of tha hydrogen of the, stbst state wiihgeatygcn. 
It Is from this combination of hydrogen and oxygen that -the 
vital energy of life is drewn.

2H  4- | 0 g  =  HgO + E n e r g y

Tha liberated energy may be employed a imply as a *cures of
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fee-fit or a a the driving foree In one of the a inter one body f
fume 11 o " s,

The foregoing eosab inatlas ia a result of many sseondary 
relations dealing mainly with the release 'ad transportation 
of hydrogen of the foodetuff to oxygen * Typleal examples 
of the types of mnzymrn system® involved will fee deeerlbed.
*• Pehydro&eaaeo* Hydrogen oeeurrlag ae & constituent of 
foodstuff® Is relatively inert »t body temperatnre« In 
order that hydrogen may fee released* p^rtle.lpation of a de- 
hydrogenating eazyaa or dehydrogenase la essential* Tfeeee 
substances are known to fee protein in nature feet their 
eacaot mode of *eetiVatina* hydrogen for release ia as yet 
unsolved*

The known dehydrogenases are specific ss re^'-rde their 
substrates, a.g*, laetie aoid, sueeiaio sold, glnaoae=de-
hydro?emse*9 feut set in cod aeration v.lth eert in other non- 
specifIn oellular enzymes*
?*■•' "Coen%yaiea« It we® early discovered In the; «•*«'# of most 
physiological substrates or foodstuffs tfe : t the specific 
dehydrogenase required the activity of a second enzyme in 
removing hydrogen from the substrate* The latter substance 
wee termed e eo-defeydrogeaaee, or more commonly, a eo-enzyme 
and ia re©exalted In two forma, aoentym.es 1 tad II, Chem­
ically, I is a di-phoephopyrldiaa nucleotide, and II is a 
tri-phopbopyridiae nucleotide* 3pon hydrolysis* Coenzyme 
1 yields phosphoric acid, rifeoae, adenine, and nicotinic 
acid amide*

'*heA, for eifiple, leetie aoid is added to a mixture



5

of its dehydrogenase and Oeensyiae lf pyruvic acid ia pro* 
dueed and the nicotinic act# amide of the eoenxya* la re-
due@<9: by addition of hydrogen*

tactic
2 lactic acid + Coen^yme ------------ — >

d e h y d r o g e n a s e

I Pyruvic acid + Comnzfmm•BH

4* fellow Siwmaa* The d*hydregen--'tioia or oxidation of the•w>ww*««Jv̂rs*m6f!»ww t̂iv̂ wM̂ TWWw1 ■ fHwuw *

reduced ooenzysse is effect®# through the mediation of mr<* 
burg#s Yellow Snsyme* This substanae9 flavoprotein9 consists 
of m high moleemlsr weight protein and a prosthetic group*
The latter9 called riboflavin* Is composed of phosphoric 
acid, rthos* and lso^alloxezine* The 2 atoms of hydrogen 
arc transferred from the nicotinic acid amide of reduced 
Coeazyme X to the ico~allox*slae ring of the flavoprot«iafa 
prosthetic group* In this manner reduced OocsEymc 1 is re~ 
oxidized -̂ttd the flavoprotetn reduced.*

Ooenzyme•IH + Vlavoprofceia -----  >
doemaym© +■ flsvoprotalii* ZB

5. four (forboo foqexftoxr U o  acids* mother "hydrogen trans­
port^ system Interposed between tbs primary foodstuff and 
oxygen is the succinic •>©!# scries of SgeatoOyorgyl (1939). 
Hegleoting moMnt&rlly the enzymes involved, the following 
is an outline of the reactions which occur when labile 
hydrogen is added to oxaloacetic and fuaarlo acids* Oxclo* 
acetic acid is reduced to malic by the addition of two atoms 
of hydrogen* These -atoms are then transferred to fumsric 
-old which becomes sueaInto on hydrogenation*
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By virtu® of defeydrogenationf malic *soid reverts to the 
original oxaloacetic m id*

COOH 000!!
I I

HQfl S O I
zb i m  i m

Done tor * 00'  > H001 ---
I * ------- I
oooh o m u

Oxaloacetic Mail©

00011 COOH
I I
OH BOH
| P II |
OB' — BOH  > &n
I 4 —  I0003 000.13

Fusaart© lueolai©

«» the system© described
have s©n#«ra#a with lb) *aotivati<mf'l (b) r«§wl, tail,
C o} transport of substrate hydrogen, th« final stag© ia 
Sydregen tmbsfer la effected specifically in mltml tissues 
by succinic dehydrogenase * This enzyme removes H atoms of 
hydrogen from succinic ©old, thus oxidizing it to fuaarie; 
and the hydrogen passes to dytoohram© which Is thereby re­
duced.

Cytochrome is a beautin containing protein-which functions 
as the specific l i n k  between the hydrogen transport system® 
and oxygen, iron in oxidized oytooh yom© :.is; In the ferric 
condition nxid is readily reduced by electrons from added 
hydrogen to th© ferrous state, An eazym®, cytochrome oxidase* 
natnungsferment5* of Marburg, lndophenol oxlia«©f ©t©,t re-
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oxidises the redueed tytoehroae la a laimer wftlsb is not 
entirely understood, The a--, la fuaebiOB of eyteohrone oxl«* 
dase la apparently its ability to "estivate” stoles ttlar 
oxygen* thus rendering It suseeptlble to union with hydrogen 
from the redueed a ytoefereas * the final result la the ox Ida** 
tion of refused eytoohrotts- and predustion of water or hydrogen 
peroxide, the letter being rapidly Aeeompoaed by the ensyme, 
e e t a l e s e ,

f # IISSEM.* must be emphasised ■ that the nee heal sms dia~ 
onesed ere hut theoretles'i representations mi  that various 
oeablaatloas of these system® ere- possible* Xa addition, 
for every ensyne aeatioaed above, at least 10 'more hive been 
examined. 4 possible ebnia of reaetloas' Is presented In 
fable X nerejlf. as an example* .ilaee little is teowa of the 
prsliaifcery nerobis breafcdewa of metabolite® *.. sane is- shows, :
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4BLE I

$ a f e s t r « t « '  21! +
d e h y f t r o g d n s a *  

labstrat# + CoanxysMi •
Mali®

Gmnn'pm • £B + 0xaloa*«ti«
dahydro g m n m  

Oom*yift© + Mall©

Mali© + TXavoprot«ia
^xaloooatl© + flavofrot©la*tII

Tl«roprotala • 8H + Tora&rl©
&m®lnl§+- Tlavoproteln

s a o o im i©
Sue®ini®+ Cytoahrom© --------------- >d©hydyog«n©s© 

Tamar 1© + Gjrfcoohrotft© * JSH
Cytgohroa©

Q y to o k r o a ©  • £H  +  0 ^  ------------------------  >
o x id a s a

OytoalaroiB© + % %

g Hfi0a — --— * H-0 + 0,
4 4 oatiilasa 4
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&£ ill litijlltt
By far tlit greatest portion of results raeordad was ob­

tained by tbs use of tbs Warfettrg Respiratory Manometer.
Over a thousand Individual dats-rulnatlons have been made by 
tills ttetbod* Otber teah»lqutt employed will lit dassrlbed 
under appropriate- settloot* the theory and preettssl de­
tails ©f the Warburg nanometer bare beam admirably enmaer- 
a ted by fit Ml and Dixon (.1034) ted will mot be dealt
with here*

2s. the determination of oxygen uptake, ilngar*® solution 
of the following ©opposition w m  added to the reaetlon vessel

fbe phosphate buffer w^® pH of ?*38 at 38* C, llien desired*
£ parts of 10*1 gluecs® were added to the above solution* The 
volume la Matest .with tbs respiring tissue was always ad* 
lusted to $*0 so* regardless of the addition of reagents*
The gas phase of the reaction vessel was oxygen*

When anaerobic glycolysis (leatie aoii produetion) was 
measured* bleaybonateiofilnger's solution of the following 
composition was added I

$ubatanse Coneentration farta
U a d i
X 0 1

0*13 1& 
0*15 M 
0 , 2 5  U 0.0651

200
2
t

0*05511 10
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Jub«tnna« Soaa«atr«tlofl ?*rts
NaCl 0.15 U OS
KOI 0.18 K 8
O a#lg 0.15 I I  8
KaHOOg 0.13 H 20
& lH S o a *  1 0 $  8 * 4

i
fh# resulting solution sontalasd. bieorbonat* In the physio- 
logieal soneestratton of 0*028 M* ami fslaeoes 0#8$ ami ia in 
osat&et with « gas-phase -seniletlng of -98$ 8jg ami .8$ 00***
The eelum# of solution la oont&st with tissue was 3*0 ee«

©urtmf serobie wort, the central wall contained '0*8 so* 
of a 80$ solution of K0H ami. a roll .of filter paper mad# from 
a 1*5 by 3#0 am*' re*tangle* la the anaerobic measurements 
this 002 ahsorptioa system w<s emitted*

Addition of a reagent while a iatartinatloa wa».-. ia. pro-* > 
gross w^s made from the aiio bulb of the reaction vessel*
The reagent w*ss present In the slit bulb at 10 'titties lb#. eon- 
eentratien.'desired, sine# the volume of the addition w*sJ9«$eo« 
vin$ lb# final-volume ■ It* the re^etton ^ea'ssl 1*0 . s the eon-':■ V ■ ■■- ■> , - ' * .

sent rat ion of the added reagent was thee rednsed tom times* 
Jbuiaiaeter rose tioa vessels were suspended is * constant 

temperature water b«bh et 8#° §* The shaking deride' permits
a swing of 4*8 ea* ami a r#ts of 110 complete osslllstioiis 
per minute* 1 preliminary temperature equilibration period 
of 18 minutes ensued with stop-eeek* open, before final olooe 
ure ami readlags*

Oxygen - consumption is expressed in the conventional man­
ner a© the ‘log! cubic millimeters of' ©xygen absorbed per mil­
ligram of dried f108^0*) tissue per hour* Anaerobic gly*



"  'ôplysls' Is represented If ^ , eublo millimeter* of naybea-
® 0 ji , .

dioxide produced par milligram dried (105 0*) tissue per hour
%It is to to stressed thst these two symbols, '9.0® sad Q- ,
00*

dlgmlfy rat^ sad not aeeeesarily total consumption of pro** 
dustioa la the #0 minutes *peelfled by tbs. definitions* la 
tbs ooso of the former, one may measure oxygen uptake for 
50 minutes or 10 alnutoo sad express tins- result as tbs *̂ o* 
after hairing multiplied the oubio millimeters of oxygen eon* 
suned by t o r 0 and divided by the weight of the dried tissue

MkZZlSJ-A.

Mels albino rat®, 100 to 200 gms* * sore used throughout 
this study* the animal was stunned by a'sharp.'blow on the 
oeelpitai base, and. death by exsaagmimatiom followed severing 
the large eerwieal vessels. Ollees of brain {oereb-rem), 
liver, shaletal. aasele (deaphwegn)', kidney, spleen, mad 
Walker sarcoma #319, 0*3 to 0*4 mm* in thlekaess, were sat 
Immediately la tbs eoaventlonal manner*. The elapsed time 
between stunning and equilibration of the manometers In tbs 
eonstant. temperatnre bath averaged S3 minutes* Different 
methods of tisane preparation lave beam employed in this 
study and will be deseribed under the appropriate stations.

the turner used throughout this investig ’tion was the 
Walker rat sarcoma #319* It was dieoovered in the peroneua 
of a female albino rat by' Dr* Oeorge walker In 1929, in 
laltimore* Sine® that date it has beam carried in rets and 
tissue eulture by Drc* Warren B. Lewi® and aeorge 0* 0ey.

For optimal growth, the gsreeaa was transferred St
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I to $ weak imtareal# rat to rat* Central
began #4 about ifee third week and aooa Invaded all- tut a 
peripheral shell of proving tissue. ':;«l#iRpie# used 'in resplr** 
atory study were taken from nom-neorotie inreea*

ISorpbologie ally, the m r t m m  1# ehoree tori sad by a 
tough* ooll3i|®mous eapeule whieh sueaessfully eonfiae#- the 
neoplaetie tissue* Mieroeaople aeetian# node it Interval® 
.revealed. it# proeen.ee of large m t d  and' spindle eell# with 
pule oytopleem* ft# muelel war# ebemdoittly filled with 
weakly staining ehromatia aster,Lei ami Bauelly. eontained a 
large <sad prominent mmeleeliie* The tissue I# ideally suited 
to mtebolio studies owing to the relative freedom from 
stron* whioh thus e-mbeae#a the ’♦purity*' of the ##11 popule* 
tton*

Certain of the urea derivative® used were obtained from 
the -Beatne*- Kodak Company of itoeheeter, lew Tort. The wa« 
Jorlty were oyntboolmod from mltrenraa end the desired anlne
by' Ml®$ Dorothy Klbler and Or* Sylyea.-K* fmmm. of .thle lab- 
oratory* The synthesis 1# outlined ia Table II*

411 reagents' employed were dissolved In physiologies! 
salin* (0*15 M)« Those' eaapounds sub loot to ds# opposition by 
bseterlal or mold eostanlnntlon .{small me- metabolites) w#re 
kept In a refrigerator ami prepared every 3 to 4 days* Ua~ 
stable eempoua&s, p»phehyleAedirmime eta* were dissolved 
immediately before addition to the reaetlom vessel*
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TABLE II

RELATIGH&HIP Of THE uft&A DERIVATIVES
MM* MMo
\ \£#=0 Urea £3=0 Alkyl urea/ /MB g MtfJt

EHo m 2
\ V0=S Thiourea 0=S Alkyl thiourea/ /MBs nhr

*H2 KBjs
\ ‘ VC-SH lgo-Thiourea O-SH Alkyl iao-thlourea
s  //

NH KR

*h2\0=HH Guanidine /
k h2

SJfKTHSSlo o r THE ALE'ili u;'S.A DaRiVATI*fcu 

{JHgOOSHg + HHO3   > SH20ONH2-HKO3

B0SC4
KH2C0SH2*HHO3 > BH2OOSH* R02

KHgvOBH-N02 +■ RHHg > HHgCORHR * BgG + H20



ill eoapeezids employed la this aeotlon bear as. close re­
lationship to- urea* Thiourea, whieh eomttaitis sulfur ia Hem 
of the ketone oxygen of urea, and guanidine* which h**s an 
amine group instead of oxygen, were also meed. Alkylf or 
acyl, groups with varying numbers of carbon atome were sub­
stituted for a single a mine group hydrogen atom* thus creating 
a related series of derivatives* These compounds nr® portrayed 
graphically la Table IX#

Sscsas easnaaMas.
Inasmuch as a great deal of the following section will 

deal with respiration or oxygen consumption in terms of per- 
eeat-nge ehaage from ea initial norual to a later addition or 
experimental periodf it seems fitting that absolute values 
for normal oxygen uptake rate < 3e+) be given*

C«i>

Brain liver HuseXc Tumor 
Average 4o* 10*3 9*4 3*3 9*3
Ho* of Bet^n 59 64 58 83

Table H I  presents the results of adding an homologous
series of derivatives, mres, Methyl urea, ethyl urea, n-propyl 
urea, and n-buiyl ures to tissue sliees* n-Amyl urea was 
omitted because of the marked decrease in water solubility, 
which eeours with the transition from the four to the five 
carbon atom side chain.

In deteninlni the influence of ? urea on oxygen eon-
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sanities, a site# of tissue w allowed to respire la Blaftr9# 
solution for SO minutes, The 10̂  was taken as normal for 
that Individual alias of tissue* 4i Individual variations *?e 
oftsn rather large, this ireeedure is assess <%ry« *fhs urse 
derivative was %hm- added from the side halt sad the respire* 
tory rats followed for the subsequent @0 minutes, in order 
to evaluate the offset of the added agent* the percentage 
deviation, or shams# f )» of -40̂  for the addition period from

■t.4lLl III

The’offset of on homotog&m aeries of area derivatives 
©a oxygen eoneumptlon for iO minutes* Ho salt® are e&* 

l̂ ro®sod as persontags ehaitge from seatrole*
l>erivatlve I1 Bo, dot1 a Brain «iver•rf Busels Tumor1 ■
frea 0*t 16 1 0

S
10 -f

methyl urea 0.1 11 - § -f 10: - 4
jstbyl urea 0.1 24 -ii - 3 0 a
Propyl urea. 0.1 29 - 9 - § t - 29
Butyl urea 0,1 13 - m -SI - m - m

that for II® aotiaal was taken* -Sluee any untreated tissue 
respiring If, vitro, will., in the souras of 90 minutes, tend 
to fall off la it® F':;te of oxygen oensumptloa, a eontrel par* 
sentage deviation. was determined. to 1 m m  the true sffsst 
of an added agent, the ?erdeatane deviation of s oat m l  is 
sufctranted algebra laallv from that of the addition, for ox** 
*mple#' la htmln, methyl urea souses a pereentege deviation 
of *17, ainst untreated train will have a perse&tajte deviation 
of <*i, henes the true sbaiige is hr4 la to be attributed to the 
agent Is *ll:.S,

I n  flgur 1 tbs results of Table 111 are represented as a
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Figure 1

The effect of an homologous series of urea de­
rivatives on Q.0̂ . Results are expressed in 
ordinates as percentage change from controls. 
Abscissae represent the number of carbon atoms

in the side chain.



15

ber graph* i t  will be noted that hr aim ami I Iyer art rather 
similar ia reaction to all five ureas* The former lst hew- 
over* more sensitive to the depressant action* the edition 
of the fourth carbon atom la the form o f the n~hutyl aia© chain 
brings ©bout m marked drop in respiration* In the ease of 
skeletal muaoX© {diaphragm), urea, methyl, ethyl* and n- 
propyl derivatives ©licit a small Increase In rota* Also the 
-depression of rat© by a~butyl urea Is much lass than that in  

tba other tissues* Uuaele baa the lowest -jog of the four 
tissues and this f-:»et may partially explain Its rasistanaa to 
agents* the alight stimulation evidenced by the afore men- 
tlonad compounds pareleta only during the first §0 'minutes 
fallowing the addition aid subsequent depression ensues*

Tumor does not resemble very closely the aortal tissues 
In Its resetion to tbs five ureas. la seen in Figure lf there
Is evidence of a sialism of depression at the two carbon ©tee
side chain, ethyl w t m $ whereas the normal tissues show a 
trend of increased depression from urea to a-butyl urea* The 
drop in oxygen consumption rate with a-butyl ia tultt I© 
keeping with the others* but that with a-propyl is much larg­
er.

Table IT eontalne a group of urea derivatives which' were
studied with the purpose of ttaoorering any marked epee1fieIty
in notion. ainee the solubility of certain ©expounds, the 
acyl derivatives* iso-thioureas etc.* is relatively low* com­
parison on an equl-iaoleeular basis we# made difficult*

little difference was observed between the n-alkyl ureas 
and.the. corresponding iso-alkyls. The substitution of sulfur
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tm iM  i?

Th® offoot of oortala nrmn dorivatlToo on oxygen oonsuaptloa 
rat# for 60 minutes* Rooolto or® oxprooaod a# yoroontog®

©Mag# f r m  oontrolg*

Oorlratlv® M if®. of 
dot1A* Irata

*
LIror
%

UKuoolo
*

fuac
*

a»Aiayi ur#a 0.01 u 18 4 If —’ 18
4®*tyl ®r®& 0.01 u - 4 f f S
Jropionyl ur®* o.ooa i It - 3 5 - s
iilyl mr@® 0 . 1 a - If -19 -13 — 31
l«o*lJroffl UT®0 0.1 9 - If -4 -4 -to
l«®6$*tyl uroa 0.1 4 -  44 -41 -Si «.*»

* 0.0S 0 - 28 - U - i -3?
iso^Aityl ur«s 0.01 4 I - 3 IS - 1
fhlotir## 0.1 10 - 10 -  0 1 -10
UstlayX thiourea 0*1 0 - i - 1 8 -IS
Ot&yl till our® a 0.1 i - f - 10 14 — 19
Ao®tyl thiourea 0.01 8 -  t 5 tl - 1
Mathyl ioo»

tfetour®* 0*01 r 11 2 19 It
Boagyl Iso*

thloar#® 0 # 00 $ - m -30 - 10 <— .w»

It 0*01 8 - 00 0 1 -43
** 0*001 a «*** «•«•» - 10

Omsaltla® 0.1 8 - 6? -04 - 5 —  8?
it 0,0$ S -  56 -If If -  35
?« 0.01 a -  48 -14 14 0
!♦ 0,000 8 -  30 — 15 *»«* 0
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for oxygen. In the thloureas brought about no inere&se in 
depressant action* Th© lao^thiQureaa, methyl and bansyl, 
war© las© soluble than the alkyl ureas, but & comparison of 
these two is possible. Methyl leo~thioure® proceed a ©mall 
Inorease In whereas banayl .lao~thlourea at the same molar 
strength all but abolished the respiration In brain -with some- 
what less offset on tumor sad ao off not on Hirer or muscle*
The striking difference In depressant setlea 1® eeueed by sub­
stituting a beatyl for a methyl group* The marked specificity 
of depression of brain m i  tumor 1© In ter eat lag and may be 
linked with the ferment®tire ability shared by these tissue© *

Many tissue© bar® the ability to utilise metabolite© In 
two esyaj {1} oxidation, or a remora1 of hydrogen by the de«* 
hydrogenases end transfer to molecular oxygen| and ($) a 
series of Intermediates and ultimately laetie sieid* It is 
this latter proeeea that Is discussed la this section*

in order to measure glycolysis, advantage Is taken of 
the aoldlty of the end product* 1.®*, lactic ^cid* M  laetie 
acid 1® produced by the cells ia an anaerobic environment,. ■■©. 
eorreapoadlag amount of carbon dioxide is released from the 
naffSOg of the medium* thus the pressure Is inereused in the 
manometer, Results are expressed in tens., of cubic mllll-
testers of ■■•carbon dioxide produced per SO minutes per mi 111*

%gram dried tissue, Q .
ao$The influence of Several ureas on th® glycolysis of four 

tissues is presented lay able Y. These result# contrast



X®

maritally with those in terms of oxygen consumption, whereas
the latter was largely depressed in both normal and tumor 
colls, glycolysis of the normals, at least, la unsffeeted.
Tumor with it# high rat# of glycolysis Is more sensitive to
tbs ureas, particularly n-propyl and n^butyl| however the

%■|o© la more sensitive than the q *
C0|

Owing to the anaerobic conditions, tbs riability of tbs 
cells diminishes rapidly? for this reason, measurements must

TaIL! ?

Xnflusnss of urea derivatives on anaerobic .glycolysis*
%figure® represent $ is control and addition periods,
00,

Agent fM> Brain Liver Tumor
00S# Add* Oon. # Add * 0cm* Add,

0*1 9,0 13*9 9,0 5,9 30,0 it, 9
0,1 10*4 11*4 5,3 0,1 34,3 S3,i
0*1 0,0 9*5 3*5 4.2 20 , 0 19,4
0.1 10,4 15,4 0,5 9*1 f#,3 15.S
0*01 9.5 13.4 9,3 11.9 : m » t m  a
0*01 ** m m » IS* 5 , 94,9

Amyl urea 
Omni dine

be confined to some tQ to 30 minutes* Hence an Initial normal 
period eaunot be obtained and the customary percentage change 
or deviation is not used# This type of metabolic measurement 
is, therefore, not as precis# s is the preceding omej but it 
throw® some light on the laetle noid production of the tie* 
sues while under the influence of added reagents.

Mqthylieafi H^duetlQu
.In order to localize the sit© of the depressant action 

of urea derivatives on tissue metabolism, recourse was made
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to til# apparatus of Thunberg (19&0). '• By this -method, the 
aetl'rity of certain dehydrogenatlon':'#naym«s way be measured 
using a chromatic criterion*

fhera exist in ^11 tissue, enzymea which are capable of 
activating tag removing the labile hydrogen atoms of many 
tell metabolites* The Ilydrogea removed 1® transferred ulti­
mately to a compound sailed a "hydrogen ace#ptor, "usually oxy­
gen. The path of hydrogen from the primary metabolite to it® 
fis^l union with oxygen is often a long find complex one* but 
m y  be omitted, in this present discussion. Het&yleae blue ia 
an active and reducible dye which oan act as an artificial 
"hydrogen acceptor.** Upon reduetioa by the added hydrogen, the 
ebareeterlstle blue and the compound aeau^es the eoior-
less leuoo form. The rate of reduction of the dye may, there­
fore, be used as m  index of dehydrogenase motion Jluaatel and 
»hetham, 19f4). dine# leueo methylene bias is readily r@~ 
oxidlxed by atmospheric oxygen to the solar«d form, anaerobic 
conditions ere maintained.

Finely aiaeed tissue suspended in Blager-phosphate so­
lution is pi seed, in a specially constructed T! mnberg tube.
This vessel is ** 30 oe. teat tube with ground-glsiaa stopper 
and side bulb* The system e •» be evacuated by ne^na of a 
high effioieney pump sealed by turning the stopper. The 
filled tubes pre maintained --t constant temperrture (38°) 
until thermal equilibrium is established. Methylene blue is 
then added to the tissue -suspension from the isolated side 
bulb. The time required for complete dieappearanee of the 
blue color thus furnishes m  index of dchydrozonation rate.



Brain | liver | and tumor were ground in a nor tar and 
placed la Thunherg tuba® with members of the homologous series 
of ur#§ derivatives. The results are presented la Table TI 
sad figure Z in terms of time (minutes) required to complete 
deeolorizatton of methylene blue# ■- control determination la 
included to afford a b>aala of comparison* For examp I®, in 
brain with no '-dded urea derivative , ?4 minutes suffined for 
removal of the blue oslor* When ethyl urea was present, 41

TAILS n

influence of urea derivatives on onesrohio dehydro* 
genet ion« (Methylene blue reduet Ion time*)

■4geat t«> Brain
mist*

Liver
min*

'Turner' 
' ̂  sain*

M o m £4 14.5 49
Three 0*1 ES 14.3 45
Methyl Q#1 S3 17*5 65
2thyl 0*1 41 17. 5 71
.Fropyl 0*1 11# 13*0 145
Butyl 0*1 > 150 10.0 > ISO

minutes were required! indicating an inhibition of dehydro*
genetion*

It will he noted that in all three tissues,, the Influents 
of these compounds is one of depression and that this action. 
Increases with the length of the alfcyl side chain* Brain and 
tumor were affected in very much the same manner, whereas 
liver .proved to he more resistant.

The main f-eta to he derived from this experimental scries 
are confined to a comparison of the influences of the deriv* 
stives on a single tissue* Since we ere dealing with a finely 
ground ©ell suspension la dilution instead of the more intact
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Ho
1,0

too
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110

Figure 2

The effect of “dded urea derivatives on 
methylene blue reduction time, Absolasa *
0 is the control and 0 , 1 , 13,4, represent 
the number of cnrbon atoms substituted in 
the side chain. Ordinate, time in minutes.
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Figure 5

The influence of varying the concentration of n-butyl 
urea on oxygen eonsumption. Ordinates represent per­
centage change from normal to addition period after 
subtraction of that of zero concentration. Abscissae.
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It will be note 4 that is all tissues a marked fall lag off la 
eetion coincides with passage 'from 0*00 H to 0#0SM# Owing to 
solubility difficulties, eossetitratioi&s beyond 0*101! were not 
employed*
2* tetrsrsai $£ 3S11SB* ^11 studies that far bare de^ii with
the Influence of urea derivatives on the metabolism of calls 
.suspend*^ **&'* ^sdtum containing glucose, Xa other'words, all . 
* results which b«ve been preheated ere a measure of the biolo* 
$1**1  oxidation of glucose or one of its break down products, 
e*g* lactic acid. I® attempting to elucidate further the site 
of the urea action, a number of compounds both physiological 
sad synthetic wore - substituted for glucose in the medium*
'-bile it Is generally conceded that glucose and 1 so tie -old 
are.the chief carbohydrate metabolites 4® vitro and very likely 
M l l l S  (Biofeeas m d  clrerill# 1933, Ashford 1933, 3h«rif and 
Bolmee If 30* r;«28tel and Wheatley If 3il even though the re la* 
tire importance of the two la much disputed tliawlab ,@tid 
Vanikas If35$ Jewett and luestel If5?$ Baker y Feaikae end 
Hisgwlch 1$$®} * certain other substances can be shown - to act 
os substrates* la addition, there exists n ®l-m§ of compounds, 
both natural and unnatural, which act analytically on meta* 
hollo processes*

The procedure -adopted was to measure qusntitmvely the 
change in %Q% produced by the addition of a metabolite or 
respiratory stimulant to a tissue previously treated with 
n«butyl urea, usually O*10M* In some oases, the wren was 
added after the metabolic agent*
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< a) 2n4~Dlnltrosfaenoi» That "f4-dlnitro/he»©l causes an in~ 
areas® In the rat® of oxidation m.B hyperthermy in m^rm 
blooded animal® Is **ell kaoen* but a satisfactory explanation 
of these phenomena has' not been forthcoming (Oppenheimer and 
st®rn» 1939)* iyhemfast mH  Bensonl (19331 have demonstrated 
an increase in anseroble glycolysis of nor *1 and tumor tissue 
siloes under the Influence of £1d-dlnltropheaol# and suggest 
that the augmented Oxygen uptake le a result of heightened laetle 
eold concentration caused by the glyeolytie stimulation* On 
the other hand # Dodds and Orevllle (1933} found an increase 
in of ret kidney which is a tissue devoid of aerobic

Phi

glycolysis and heaee unable to produce lactic a®Id# Oppea- 
helms* mad ''torn (loo* elt*) reject the hypothesis that the 
respiratory stimulation of &94-diaitrop^enol is based upon 
its ability to set as m  acceptor of hydrogen or to stimulate 
formation of lactic acid m  respiratory metabolite# Their 
suggestion is that the increased oxygen consumption is rather 
a "pharmacological effect on the regulatory meehanisa of 
eelI respiration#"

The addition of 0*0006# 9f4~dlnltrophenol to brain slices 
brings about « marked increase la log# as will be seen In 
Table VIII* Butyl urea 0*109 completely abolishes the 
stimulation of rcsplrttioa 'by £#4'*dl.nltro.phenolt and fells 
to the characteristic depressed level, liver responds In a 
similar manner*

frota these results, it would appear that the depressant 
action' of: n^butyl urea, and the stimulant action 'of 
dinitropbesol hove a simile*? locus in the chain of respiratory
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oxidase) la blue-violet, ifondroweki*# Base with it* brense 
color cannot be the entire product* In his original research, 
Bandrowski mentions a blu*-viotet centumInstion which he m m  
unable to explain, Donald «* Vivian, of this laboratory* 
euggeets that the blue-violet may well reeult from eemi-quitume 
format lea ,• similar to the well known hydroqtuinone-quinoiie 
compound,gtt&fcydrone • In the ease of Sandrowaklf 0 Beee* a 
molecular compound composed of the base formulated above and 
theureduced fora In. which the double bond* to the nitrogen- 
atom# here been replaced by eIngle bond# *le postulated*

The chemistry of the oxidation produet or product# of 
p-phenylene diamine la of interest because of the lntenelT# 
uae which le made of thle compound In Biologleal oxidations* 
"orkers in thle field diamlee the subject with the statement 
that the produet of oxidation la the di-lmlna,
Examination of a text-book of ^brgaale 'Compound# {Whitmore I9S7J.) 
ehowe this eompound to be yellow. Obviously* further explan- 
etlon is In or^ar when one considers that the eolor of a 
biologically oxidised solution poaeeeeea a definite blue- 
violet east*

In Table lXf the results of the addition of neutral­
ised t-pbeayleae diamine hydrochloride to brain elleee are 
presented. a-Butyl urea, 0.10M, was present In some ease#
and absent i n  others, m  indicated* Owing to the instability 
of p-phenyleae diamine, the usual preliminary eontrol period 
we# omitted • It will be noted that the -iOg of brain in. e glu- 
eose free medium averaged ?*1* Upon the addition of p*
phenylene diamine (19 and 25 ms* per 3*0 00* of medium)# the
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rate ro®e to mu aver age Tain® of 22.1 and S3,5t thus demon­
strating the enormous oxidative capacity of brain tissue (cyto­
chrome oxidase) for this substance * The presence of n-butyl 
urea baa m  appreciable effect on this re*etlonf whereas the 
sample treated with the urm sad lacking p~phenylcoe diamine 
la markedly depressed, Thus the ubiquitous cytochrome oxi­
dase la unaffected by the potent respiratory depressant, 
n-butyl urea*

TABU II

Addition of p~phenyleae diamine (FH)) to brain siloes 
with and without &«hutyl urea 0.10H* Ho glucose aided 

Concentration of FPD expressed in ag* per $ ee*
n-Butyl urea lone

;iOg
FFD 19 mg. 20,5

23.8
52,0

PH) 20 mg* 25.3
21.7

25,0

lone 1*2 7.2
0 • 0 6*9

fo) 4s explained In the section demoted to Methylene H u e  
Heduetlon, the dye.» methylene bine* een aot m  a hydrogen' 
accepter receiving hydrogen from the eoea^yme-dehydrogenace, * 
complex* The reduced dye* leueo form, is readily re-orldlsed 
or dehydrogenated by moieaul&r oxj-mn and la thus a reversible 
redox system under aerobic conditions.* Oiaee the call uti­
lises a terminal respiratory complex (eytochrosss-eytoehrome 
oxidise) which Is capable of oxidising moat of the metabolic 
hydrogen produced by the carrler-dehydrogensses, any increase 
in oxygen consumption elicited by the addition of the dye



(aooaptor respiration} would bm small. If* however, the ter­
minal reap!ratory ayat.ea be poisoned by aorbon aonoiids,
©ysaide or any speeifia inhibitor, eeaeptor respiration with 
aeihylene blue would bo relatively l^rge, si&ee o.o:apetliioa 
for the mothball© hydrogen would bo minimised {Barron X$2$, 
1930}* It will be noted that the integrity of the aarriar- 
dshydro&e&aee Is essential for any saanifeatmtlorn of eeoeptor 
respiration.

Tbe addition of O.Olt of methylene blue to olloaa of 
brain respiring in the preseae© of n-butyl area had ao ap­
preciable offoot on the depressed rata of oxygon eonsumption.
On tha heels of the foregoing dissuasion, tbit result is* 
dlo^tes th*t the aita of depressant totion of a-bt*tyl urea 
la loe^ted la tha e&rrier-dahydrogenaae phaaa ©f the respire* 
tory enzymatie ahaln and not in the terminal eytoehrome* 
eytoehroae oxidase domain. Tha results of tha experiments 
with p-phenyleae dlvmlae and methylene blue ®r# highly in­
formative of locus of depressant nation. Their wodas of 
operation art dlssimll&r, yet thay yield ©orroboratlng evi* 
danoa, i.e. that the oytoehroms-cytoohroBMi oxidase system is 
not affee bed by n-bntyl urea and indicate tha carrier- 
dehydrogenase complex aa a possible reelpleat of inhibition, 
f d 1 auooln^o ea 11» « »  i •^portent position of the dlaarboxylla
^eid, succinle, in eellul^r respiration has bean outlined in 
the introduction to this work* from tha mass of investigation 
of this soapeund, it hss bean found by tha use of various 
respiratory inhibitors that enceinte said la oxidised to 
-fumarle ^aid by means of the ©malpretest sueelnls dehydrogenase
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is Cooperation with e y t a ehrome-oytoehr ome o:;ldase# Most in­
vestigators deny the necessity of on Intermediate coensyme or

*

"carrier" (dsent-Oyorgyl, 19395 ,;uaatel and heatlay, 1935, 
1934; Oreville, 1936, 1937j at are and Beaman,. 1956* Jewett 
end leasts!, 1937; Potter end llvehjem, If37)* The result® 
of resent studies of the suesinoxldsee system here -suggested 
the prosenee of a flavin (Axelrod, Potter, flvehjem, 194t) 
and the parV.eipation of'calcium. and a trivalent-lorn, possibly 
aluminum ( Potter end debuslder, l§4i)-* Despite uncertainty 
concerning the full complement of the ®ueelno.tldsse complex, 
succinic dehydrogenase, cytochrome, end eytoehroae oxidase 
(Ataungsferment, indophenol oxidase) are operative in the 
oxidation of succinic «tcid*

Xn view of the results obtained with p-phcxiyleae diamine 
and methylene blue, the relative end absolute immunity of the 
terminal respiratory system (dytoohroma-cytochrome oxidase) 
from, the inhibitory action of n-butyl urea has been demon* 
strated* In order to determine the influence of the urea oa­
th© succinic dehydrogenase, sueelnle sold may be added to 
tissue previously depressed with n-butyl urea» ah unchanged 
rets of respiration would suggest Inhibition of the dehydro* 
genase, whereas increase in rate would prove its relative 
Immunity* This plan was e.seated and the results *»re pre­
sented in Table I*

Tissue slices were plaeed in the usual Ringer*phosphate 
media which contained n-butyl urea but no added glucose*
After the respiratory rate had been determined over $ 30 
minute interval, succinic acid (neutralised with sodium
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ftj&TQxid® to pi? 7*3) was added and % m  rat® followed for 60 
to 90 minutes*

la the tissues examined {brain, tumor, liver, muscle, 
and kidney) there occurred a reversal of rate with a marked 
rise ia 1©^* la absolute inoreaae, tumor is far inferior 
to the normal tissues, sad this fast strongly subsets a 
deficiency of sue©into dehydrogenase la the tumor* The large 
inereaee ia oxygen uptake following addition of succinate

TABUS 1

The addition of suoeiaate 0,04M to tissue siloes 
treated, with nOmtyl urea 0*1'M in itbeenoe of

added glucose*
Dot1!! a-bubylurea Add* sues 

QOg
Brain 13 1 #1 f aTumor T 1,3 4*0
liver ■5 4*9 n*iMuscle 4 215 9.6
Kidney 5 4.7 34,0

demonstrate# the relative integrity of the complete auooln* 
oxidase system in the presence of a-butyl area*

These results were obtained with a medium to whleh ao 
glucose had been added* '̂ hen glucose was included la the 
original media with a-butyl urea, addition of succinate 
failed to produce m  marked an iaeraase ia log* Thle dla- 
erepansy was observed only in brain and tumor* Subsequent 
sections of this paper de*l largely with m  explanation and 
interpretation of this problem,
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IHHXB1T10K OF 3TJCCXMX0 AOIt) OfTMfXOS

Is the foregoing aectIon which deilt with the ravereel of 
respiratory inhibition, it was found that while the oxide* 
tion o f glueoea w-« depressed by n-butyl area, that of sue- 
cinic aeld was sot. Adding gloaoea to a tissue respiring at 
a low level is the praaanoe of the area, allotted so ehanga 
in rate, sine# the assym  system Involved is the oxidation of

TABUS II

The effaet of 0*S0)4 glucose on the oxidation of 0.04Msuooinle aeid in the presence of 0.1M n-butyl urea.
Col. I 0ol.ll

X/1I xTissue Ho* n-butyl urea Mo. n-butyl urea
Bet vn« suaolnnte Bat*n. aueain^ta igluooee

•̂ °a
Brain 22 4 #t 15 7*1 as
Tumor B * *2 7 4.0 55
liver $ 11*2 5 15*1 93
Musela 5 10.1 4 9*8 104
Kidney 4 34.7 5 34.0 IDE

glucose has bees shows to be inhibited* The addition of sue- 
einie aeld to a similarly treated tissue eaubed a marked in- 
ere&oe la respiratory rate, demonstrating the immunity of the 
auooinoxidaae* ’then, howevert suaeinto sold aad'glneoee were 
added to certain tissues In the prasasoe of n-butyl urea, a 
muah smaller increase is fog.oeourred•

Comparison of Tissue®
Table XI present* the result of a series of determin­

ation a of various tissues which had previously respired la a
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Ringer*pho*phate medium containing n*butyl ureaf 0.1M* wit3a 
or without 0*£0$ glucose* After 30 minutes of this prelimin­
ary period, O.04M suoolalo aeid w-\s added and the respiratory 
rate was measured over a 60 alnut* Interval* it is the 20g 
following the advent of succinic acid which is recorded,

Suoeinle acid oxidation wc* not aporeolably affooted by 
the presence of gluooee in muscle (diaphragm) $ ieldmey, or 
liver I however, in braiu ami tumor# the addition of glucose

¥4111 XII

Effect ©f glucose on auaelnie oxidation in the 
absence of a-butyl urea* . 31ueoae 0.#S, sue*in*

ate 0.04M. Brain slices*
glueose glueos* none non®

Control
period
Succinate
addition

loa 9.7
14.2

8*7
14,1

6*5
8*7

5.5
8,1

Increase 4.5 4.4 3*8 8*6
Increase i 46 45 34" 47

caused a eignifleant decrease in %©g, In other experiment®; 
with brain tissue in whleh n-bmtyl urea had -not beck: employed* 
the presence of glueoae had a© depressing lnfluenee on the 
utilisation of easeinis maid* Thle data has been analysed la 
fable ,11. In order to obtain this anomalous behavior, the 
urea must be present even though it es^rte no demonstably 
direst effect on the susoinoxida«;e system.

4 search of the voluminous literature of Biological 
Oxid >lions revealed no mechanism whereby glucose or lie oxi­
dising enzymes might Interfere with the oxidation of succinic
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acid in cellular respiration, it was decided to attempt an 
elucidation of this reaction common to brain -nd tumor mint 
n**buty'l urce as s necessary reagent*

Qlueoee Concentrationmmmmmmmmmtmmmmwmm* u iiml iw i*— i*.i»’i. vm

The inhibitory influence of glucose or its intermediate 
metabolic products on the oxidation of succinic acid h~a been 
demonstrated qualitatively. In order to study the reaction 
quantitatively, glucose was added to the respiratory medium 
in a series of graded concentrations from 0*01 to 0.30%* 
n*Butyl urea, 0*1M, was included in the uadi urn and 0*04*1 
euocinic acid added as previously described*

Typical results of such a procedure with brain, tumor, 
and liver ere embodied In figure 4. in brain and tumor, the 
tissues showing the oxidative inhibition of succinite, an in- 
verse proportion e.tlste between the glucose concentration aad 
the 1,0g (succinate oxidation} * It has been found that there 
wr.g a limiting concentration of glucose beyond which no fur** 
ther diminution of Iq% wae noted. This value ranges from 0*25 
to 0*35$5 the precise concentration varies from tissue to 
tissue depending on the metabolic state of the cells and other 
factors* The results obtained with liver are at variance -sith 
those with brain end tumor• The effect of glucose on liver 
io2 Is one of enhancement rather than inhibition*

Koa-specific 1 of the Reagent
In order to produce the inhibition of succinic acid oxi­

dation, la the pres e-ace of .glucose, it h ;■:?.« been found that 
n-butyl urea must also be added although it apparently h*ta
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bo direct affect on the succinorldaae. To determine whether 
n*butyl **# specifically required was *©ooiaplish«d by sub­
stituting chloral hydrate t a narcotic agent of an entirely 
different chemical constitution* for the urea* it was found

that chloral hydrate 1*S0:4 ©mused a marled degression in the 
of train and in this ph&riBLseologioal aspect was similar

to the urea.
In a series of 3 experiments i n  which the media contained 

©Moral hydrate and succinic acid* the presence of glucose 
occasioned an average leg which was hut 73$ of that of the 
glucose free media. Thus the results with chloral hydrate 
closely reeeabl© those with u-hutyl n r m * Chloral hydrate 
was employed because of it© chemical dissimilarity to a*tmtyl 
urea.* The substitution of a barbiturate would not afford the 
same degree of ©molality owing to the a hernias 1 relationship 
between it and the urea.

In explaining the inhibition of the euoclaoxidaa© system 
it was of interest to fcnow whether the action of glucose was 
specific. Accordingly* a number of carbohydrates and deriva­
tives were substituted for glueose and the oxidation of suc­
cinic acid in brain determined m  before# '-hen the influence

I HFHg
0=0\

chloral hydrate a-butyi n r m



of a esrbohydrate was to be ascertained* m control with no 
added carbohydrate was- pun simultaneously* Results wart 
expressed as the percentile relation of the former to the 
latter* i.e.*

4o» of carbohydrate Qontalalna tem&le T
$Og of control staple A A W

The influence of Id common carbohydrates and derivatives 
on the oxIdation of succinic said in the presence of n*butyl 
urea wan determined on bpaia slices. The experimental measure­
ments were made In precisely the same meaner as those described 
with glucose* Table Oil summarises the results obtained and 
includes determinations with glucose to afford a basis of 
comparison*

Of the IS compounds examined the only marked inhibition 
of -log {succinate oxidation! wee induced by glucose. The 
respiratory pate ia the presence of this monosaccharide was 
08-31 of that in its absence* &annose produood a alight inhi­
bition of succinic acid oxidation or 88$ of the oontrol rains *

Of the substances examined, fpuetosa * roannose* sorbitol, 
aaxmitol, lactate and pyrurate are metabolized to some degree 
by isolated sells and, therefore* share this property with 
glucose* :m  even closer relationship exists in the ease of 
glucose , fruetoss and meitnose, which la manifested in the 
well known equilibrium mixture of thesis monosa e e h-”- r i de s 
through the intermediation of ■■*■ cowmen e nd .form IArmstrong,:, 
and -irmstroBg* 1934)* 4 number of investigators (Oppehheiae*
end Stern* 1939} bare suggested that the primary produet of
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t a b u  a n

Th* iaflmtn®* ©f ©^rboliyfrat** m &  4*jriTaHve* 
m ' tb* oxidation of mzmint® a© 14 Q„04B* In 
b£*iB:f 1 n.-' f h* pro^o&oo of n-bntyl ur®** oan*. , 
Jtbinibt;. 4$ip**4*#4 a® p ® m m t  of oontroln having 

no -a44*4 '©nrbobyfrftt***

.inbatana* Dob® *
Oluoc** 0.20$
f*n*t©** 0.20$
Hannon® 0.80$
Sorbos® 0,20$
D*X**to** O.SO*
frohalos* 0,80$
Sorbitol 0,20$
Mannltol 0,20$
DttXoltol 0,80*1
tyle** o.saf
Arabia*®* 0,20$

Hhamnoee 0,20$
la*tat* 0.012SM
.Fyruvat® 0.1S3M
Olaaoaat* 0.20$

liexos® 41 PO4 0.20$

Bo*D#tfa, $'of ©ontrol
20 .48
4 ill
0 as
1 11s

4 10®

2 10a

It 100
1 100

s 108
2 m

I lit
I 111
6 it#
8 110
2 108
S 108
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gluoose breakdown ia the ©nol form wMsli is stabilised by 
•nsysui tie phosphorylation la the nunber 6 ear boa atom posi­
tion yielding a hexose phoaphats» la ©neb a ©ehe&et the ©ell 
should aot dlserlmixiata among glueose, fruetoa®, *nd matmose 
ia their qualitative oxidizability. Possibly e differease ia 
esaversion veloeity'may explain the quantitative dIffarenas 
observed by many ia both In vivo and vitro oxidation of these 
hexoses mad -̂ lao in the inhibition of *uoclnat® oxidation 
under dissuasion,

The failure of lactiq and pyruvie ©olds, neutralised 
with sodium hydroxidef to inhibit eueeI nets oxidation wae 
..surprising in view of their positions as theoretical Intermed­
iary. produets of glueon® degradation* luaatel and Wheatley* 
1&33, investigated the influence of sodium Instate on eueelale 
sold oxidation and noted a slight inhlbltlQa.wfclgh. they tented.., 
the *sp«riis& i aation of lset&te** ^heir attempts' ie.uaebver" 
the mechanism of the rs&etloa were unsuccessful. This *sparing 
sat ion** aould be demonstrated In the ahsense of a depressant 
eubstsnee but not in the preeenee of eueh an agent*

Drier of Milt 1 m
In all previous aa&aureiftsats of sueelnoxldsse inhibition 

by glueoae, the sueelnla said was aided to the tissue respiring 
In a Singer**phosphate medium containing n-butyl urea and

glucose• The auocin^te w*e always added 30 minutes efter the

beginning of the experiment, in this seation, various orders 
or addition have been studied together with the element of
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time• la each evaluation of succinate Inhibition one measure*
meat was iaa.de ia the presence of glucose and a parallel one 
ia its absence#
1# Time relationship# Table II? presents the results of a

■mWHOTiUcMP -I WWMiliii * Him rn nih rnr /~*tr.<t%̂>«iiqpuinij|.enfclm w

series of determinations of succinic acid oxidation la brain 
and tumor slices* The order of addition of constituents was
identical with that of the previous plan, ss\ mentioned above

TABLE XXV

Effect ©f the elapsed time between the additions of
glucose and succinate on the oxidation of the latter.

m-Butyl urea present*
Time 90g % o f control

elapsed *w

tain*
Brain glucose 0 4#t 70

none 0 7*0 wee*

glucose 13 4*4 72
none 15 6*1
glucose 43 5.0 66
none 45 7.6 mam

Tumor glucose 0 3.3 58
none 0 5*9 «*« *

glucose 43 3*7 50
none 43 5*4

the variable factor was the time which elapsed -t the start 
of the experiment, and the subsequent addition of succinate* 
Measurements of :;og began w1th the advent of succinite in the 
media# The results with each time Interval were similar end 
closely resembled those obtained in previous worfc with the 
30 minute hiatus* Thus, the time factor In this order of 
addition is relatively unimportant#

succinate* 4s another variation In the
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pattern, glucose was added to %"m medium SO minute* after 
the addition of sueoinate and n~butyl urea* A typical .series 
is arranged In Table IT* ftluoosft* eren though aided after the 
succinic acid, exerts an inhibitory effect upon the latter* 
Sons depression of the sueolmoxldase system is present el* 
though much less than that when glucose wm added bsjfeff the 
m m  lasts *

f m s  i t

Succinic acid oxidation m® influenced by the 
aiditlorn of glucose subsecueat to tbet of the 

substrate sad »*buiiTrnreeT 'Brain slices.
a-Butyl are® M* 0.1 0*1
Succinate M* 0*04 0*04

{%®z 0*1
Mi* dlucose jf Q.SQ 0*0

QiOg 4*f §*5
Pareeat of original ?5 S®

3* m-Bntyl area following glqcosc and sueqlncte * Tissue 
sllees were pl~eed ia Ringer-pfcoaphate media supplemented 
with succinic acid end gluoose* After 30 minutes* n-butyl 
urea was tipped in from the side bulbs and measurement® 
initiated* Table 1TI Illustrates such .a procedure* Here* 
a® la the preceding condition, glucose produces soma Inhibi­
tion of sues laic acid oxidation but is quantitatively Inferior 
to that effected when n-butyl urea m m  Introduced"before the 
substrate, eueelnie acid#

It has therefor® been established that the maximum' 
inhibition of suesInoxIdas® is produced by the addition of
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succinic acid to media already eoat^ir.ing glucose sad a-butyl 
area, whether the actual cause of inhibition be (1) direct 
adsorption complex of glucose ©r Its ensymes ©a the suesIn*
Oildate or it) toil© product of glucose degradation, either 
normal or abnormal, the Inhibition relation Is favored by 
the advent of glucose simultaneous or prior to that of 
succinate*

TASH m i

Juoeimle aetd oxidation m  influeneed by the 
addition of m-butyl urea subsequent to that 
of the substrate glueese# Sraim'sltoes«

Jueelaate &* 0 .0 4  0*04
dlueose % 0*^0 0*00

los 14*1 IS *3
4dd*n*butyl urea 0*1 0*1

3*0 7*S
i^rcent of original 45 it

Sana S s i
When fresh brain was ground-in e-,moyta*v and suspended in 

5 volumes ©f distilled water, the resulting suspension: ©r 
byel contained no latest sells ©a mieroseoplo examination*
The combination of meohsaleal agitation and hypotonic cytolyata 
reduced the tissue to a colloidal suspension and cellular de­
bris* 3ueh a brel exhibited a low, residual respiration which 
failed to increase appreciably when glucose wee added* 4 
typical figure for the residual respiration la 7.4 eu* sm* 
of oxygen per hour and with glucose, 7*5 eu. an* of oxygen* 
Approximately the a ••me results were obtained with a liver brel*
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fhe reason for the inability to utilise giueoa# m y  possibly 
be the dilution faetor or the spatial separation of ensyaa 
oasflax from substrata * 3inee many ©stirs sellulsr eaaynee 
m m  readily ejttrasted sad partially purified* m m l l y  after 
rather dreatle treatment* It dost not seem litmiy that the 
prooeduro followed aborts would tufflee to imastlysfe an 
Individual easyme* par se*

Xn&smeh an brain br si eoald utilise sueeinle eeld and 
not ftlueose* It w*»s deelded to determine ..the Influeaee of

T43LI m i

The Influent® of ilosos® on sueetnie sold oxidation 
ia brain brel* Oryisn ooaanm.ption expressed as on, ■ am* par hour* n~Butyl wo® pro©sat*

tli® Mtebellesll? Inert glueosa on sue®lasto oxidation in the 
pros® no® of m«*butyl uraa* Table C?XI smMarlsed. the r a suits* 

ia eontradistlnetlon to results obtained with brain 
alio®®! no inhibition of suselnats oxidation by glueose was 
prosent in brel* Undoubtedly this dlffaranaa ia resetion 
may be entirely m m m ® ted for by the ahsemea of giueose 
metabolism la this sell state* Bespit® the abnormality of 
the preparation, as obvious lafereaee may be draw* in order 
for glusose to affaat inhibition of sueelaia aeld oxidation, 
the eiuyus eoatplex responsible for the metabolism of giuaoae 
must bt spatleliy latest* although it is partially inhibited

Brel Olueoso
1*9 so* 131*0

Son®
Ilf *0

0*0-ee* 43*f
0*5 os. 41*0
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by flkfeutyl urea*
Tfc##<§ results are suggestive of the relative complexity 

of the glucose and succinic ?*eld oxidising systems* It la 
reasonable to assume the immunity of individual enzymes to 
th® processes of feral formation wad .attribute enzymatic foli­
ar# to molecular or colloidal disorlantatlon, 11noa both 
metabolites require th# participation. of at least two 0x1x7%## 
or "carriers*" an interruption In their spatialrelaticmshlp, 
e.g* dilution, would neeesserlly tender thmm loss efficient. 
It tfearofora follow# that th# system displaying more extent 
#iv® inhibition la tha feral proparation is th# on# of greater 
complexity* Thus it would appear that tha oxidizing complex 
of glucose Is constituted of more Individual participants 
th«n that of succinic acid, ia view of th# almost oonploto 
failure of glucose utilisation as contrasted to tha rapid 
oxidation of succinate*

a n sm ai  Bs&  SaSMUaa Itaa. si
m  earlier section contains a description of tfeo meefcaa- 

Ism of methylene bins reduction *ad its assay in tfeo Thtinfeerg 
tub#* line# the dye reduction involves a relatively simple 
onsy%lo pattern, results are often Informative.

3uocinic acid 0.04Sf a-femtyl urea O.li, and glucose 0**4 
wars placed in the tubes together with brain and media $ and 
the effect of glucose on the reduction time of methylene bln® 
fey succinate was measured* The results, given in Tabl# TfXTX 
reveal th® absence of succinate Inhibition by glucose. In. 
this technique which is conducted under strictly anaerobic
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f ABLI m i l

Methylene blue reduction time of sue*Isle a# 14 as 
iafleeneed by gltteese. Brels suspension*

Constituents Bedestion timefilm*, mis* aver.
Qlusose

******

Butyl
*»*»** B u m »

150
if

♦

15
130
li

OXueoee ****** Sues* It 10 11

m m  m

Butyl
Butyl

3U 00*
Sues*

30
3©

if
S3 86

Oleeose
alueose

Butyl
Butyl

Sues*
fuse.

if
if

13
Si m

f&MM XXX

Tbs offset of glusoss os tbs oxidation 
of p~phonylens diemlme (PH>) is bra is* 

a-butyl are® present*
TOD. in Mdl* Uluses© &v©r* none aver*

00* 30* Q0 g
if mg* 19*0 80*8 i0*3 88*1

90*0 33.8
S3 mg* 31.5 88*8 81.9 83*5

B4*? 88*3=
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eoaditloas, only * portion of the anxyotis ehaim is operative*
la view of the results it would appear' that the .presenee of 
the merobie anayae*- la seiive fora is m requisite for sttealnate 
inhibition by #tlueose*

Qiaooso isai n-»ffhsny I ana diamine
p~i:%emyleme 41 value ah^ree with aueolnie as id the im­

munity to oxidative inhibition by m<*butyi urea* f̂cile the 
former la not la itself isdigenems to living liisat ita afciXt* 
nation' by the sell ant alia a pfeyaialogleal naehanism* Sinee 
it has baan demonstrated that glmaose la the preaeaoe of a«»bmtyi 
mrsa exerts an Inhibitory influence on suoelale sold oxidation, 
substitution of p~phenylana diamine for suaeInsta wag" under* 
taken* The results *re presented in Table SIX.*.,

Qog mines obtained with p«pbaaylana dienina must he aoa*" ~ 
fined to feedings of oxygen aanaintptioa over a relatively small
interval Jb'eaauae of the extreme instability-'of ''the imileeuie 7 j

.. , * • .. ̂ • ■' '
Thus these" fseto.rs aeeeatmate individual variations* However*
no evidence for appreciable Imbibition of p~phex»ylene dlaalaa
by glmeose is present*

The depressant aetlon of glucose* m  shown by sueeimate
Inhibition* is inoperative against p*phemyleme diamine* under
the seas conditions* Since the oxidation of the latter la
an index of funstion of the terminal respiratory ohaln utilised
by suoelnle *eld, ibs immunity to depression sm&eeeta that
gluaoaa inhibits aucelnlo said metabolism in the primary phase*

* ;vse earlier seat ion devoted to this eompottnd*
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possibly at the dehydrogenase*

la the presence o f a phosphate buffer, the pH of resplrs* 
tory media change* very a lightly when tumor and brain oxidise 
either glucose or succinate* However, determinations of feydrogea^ 
lea ©©mesatretion of media showing the inhibition of succinic 
acid oxidetion hy glucose la the presence of n~bwtyl urea re* 
vealed Increased acidity* Table IX preseats the result# of 
thle procedure with bra lit and tumor * ill media contained 
n~hutyl urea, 0*1N, and eueclale acid, 0*04M| but glucose, 0*i#, 
we* preseat la only half the cnees* l©g measurements were 
Bade la the ou*ternary manner sad pH estimated by use of the 
Bee teen pi aet«r*

It will he noted In Table CX in the portion of results 
derived from bruin and tumor la the presence of calcium that 
the addition of glucose erased directly or indirectly (1) in* 
hibition of succinate oxidation, ^nd (2) a marked pB deoreaee 
in media* The glueose free tissues had a pH value close to 
that of the original media, 7.3, •whereas those with added 
glucose were often as low as pi 0*d*

In order to ascertain whether the increased acidity of 
the tissues and media was a contributing cause ©f sueelnate 
Inhibition or merely an effect, media were prepared with a 
series of pH value® from 7*3 to 6.3* These media were of the 
same composition m  those used throughout this with the ex* 
eoption of the pB of the phosphate buffer* n*Butyl urea was 
added to this scries with succinic acid but glucose was omitted*
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TABU XI

h & t l m m m  of Oaloiwi, 0,0081* ami .#1 of 
n*41* oa 'omooiamto Imhlbltioa by glmooot# a*batyl wtm proooat*

WHterfk 1 ittfemraia Oaloimm

Mo glucose
0 %  fl

7,7 f t IB 
. itl 7 *15 
I0*s f,s* 

7, ft
10,6 ftii
8*8 ftii

Glucose
0 %  .fl

i,i a.so4,8 6,76 
S.7 4*08 
5,6 6*78 
6*0 6.90 
6*8 6,97

loCaloixxia 10,0
10,$ f.Mf.SS

9,6
9*1

6*89
6.96

Timor OaltfJLm 4*1
s*§

f *18
f #il

1,9
i#a 6,49

6*50'
HOGaloluia E.8

1,8 f*l® 7,to
1,5
f*l

6*84
6.70



It was fouii6 that at pH §*5 to 6*9 auaalnata oxidation
wm  lnhihltad in tha abaansa of iMtMSL* Thus lowarad pH, m
a raault of tha prassmea of fluaoast may ha looksd upon as
an aaoataory in tha suocinl© sold inhibition rotation.

As described in tha preceding asatloa, Hinger~phoaphata 
madia of various pH talus a wars prepared for tha purpose of
simulating glusoae inhibition of succinic sold* Xn addition 
to tha usual Hingar^phoaphata solution, saline or 0*15M sodium 
ehleride and a-borate buffer mixture wars also employed m  
sails* This lattar solution has beam extensively employed 
by fa Installs and 3tare (1940) and was compounded • in accord­
ance with their directions* It contained boric -‘aid, sodium 
ami -pats as last chlorides mad waa adjusted ta nil ?*S with 
sodium hydroxide*

When hrain w m  *dd«d to althar of thaaa mails together 
with n-butyl urea and succinate* it was dissevered that glu- 
m m  had mo appreciable affaat on tha oxidation of tha sum* 
ainata although pH was aarkaily lowered In tha praaanoa of 
glucose# it was, therefore, assumed that soldity was not tha 
ant Ira a anas for succinate inhibition by glucose#

A comparison of tha composition of tha throa madia usad, 
i«e#81xiger«»phosphatef saline and borate, raws a lad that cal­
cium which waa contained in Biagcr-phoaphate was lacking in 
tha otfeara. Accordingly a modiflad Hingcv-pfcosphete madia 
waa prepared to which no calcium was sddad* -here possible, 
calcium fraa salts wars used *s tha necessary ingredients*

a S . S a M a
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The of brain and tumor slice* measured in the presence
of succinic add, n~butyl ursa. with and without glucose* 
fable IX summer! &ed the results when carried out. la celslum 
free linger**phosphate and tbe customary Blager- phosphate cca- 
tdnlttg calcium*

la calcium free media, with both brain and tumor, the 
addition of glucose produced insignificant change® In <lOg of 
succinic acid, although the pH fell sharply, Wien calcium 
was replaced, the usual inhibition of succinic acid oxidation 
by glucose was manifested.. It is, therefore, apparent that 
the inhibition reaction requires calcium acting in the presence 
of subnormal pH. ^relatively' high hydrogen-lon concentration 
b«s, per se, little effect on the functioning of the susela- 
oxidase systemu

f© determine the influence of calcium on su.eeinto oxi­
dation in the . absence of n-bmtyl urea the series assembled 1® 
fable XXI was prepared. It will he noted that the addition of 
calcium produced no appreciable change 1® the of succinic 
acid, either la the presence or absence of glucose• the pH 
of '*11 media was approximately '$*3 throughout the'aeries*

The results appearing, in table XXII were assembled for 
the purpose ©f demonstrating the no®~spaclfleity of calcium 
1® the aueolnate oxidation inhibition reaction.' In this 'pro­
cedure the salt to he assayed was substituted for eeleium 
chloride and all other components of the system maintained as 
usual*. the divalent cations, strontium, barium, .and. magnesium, 
produced eueelnle add inhibition similar to that with sale lust • 
Attempts to substitute the trIrelent aluminum Ion for calcium 
were sot conclusive, owing to the insolubility of the former
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1b alkaline solution* Tli# negative sulfate ion® wblolt ere so 
effective In protein preeipit$tlont pnrtleularly the ammonium
salt, war# without offset*

Various Media
Mention has been aadi of borate and saline solutions and 

their adoption as respiratory wait® la sueoinate oxidation*

Tilll 111

the offset of Oaielum, 0*005M# m  sue- 
a Inis sold bxidotiOB In the abeime© of 

n*butyl urea.
Mo Olueose $lueos«QOg

Calcium f *i m ?8,9
9*410*5

10*4

17.0

average fUZ

Ho 8.8 18,0
Calolum 9*?

10,5
average tZ i t m

Another typo of media was 'prepared by eomblnlag euffleient
sodium chloride vlth M/15 phosphate buffer, pH 7,8, to render 
the resultant mixture Isotonic to eeruai* The Influence of 
gluooee and e&lelum on sueeinle aeld oxidation of brain in 
these media was compared to that in the customary Ringer- 
phosphate, Table XXIII* lines previous work had been carried 
out In th# latter environment, it was deeided to study th# 
resetloa in media of different and less physiological ooapo* 
sit ion.
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TABUS IXXX

The affect of divalent and trivalent lone,
0*00311 f on aueelaate inhibition by glueoee* 

&»butyl ur«ft present*

Brain Ooatri 
atoig

BaOlg

MtOX.

A1C18

Tumor Control 
BaCU
Mg0l2

Mp glucose OluoosepH qot pi
10*0 7*21 9,6 6 * 88
8.3 7.13 5.1 5*85
6.7 - 5*3 e*»

0*2 «* 6*3 m

9*0 «* 6*6 «p

10*5 7.15 7*3 6.75
13*6 7*20 9.1 6*S0
10*1 7.If 6*6 6.91
9*5 • 8. B **
10*9 * 10.0
9.2 *» 10.8 «*

10*3 «» 8.7 «fr

#  Ai-.j, £ 7, IB #  *5fM ♦ V 6.84
3.5 7*17 1.8 6*81
3.7 *» B*0 m



TABUS 11X11

Tha isfluaitaa of aalaitm. O.OOSM* on tha inhibit 
tioa of auoolnlo aai'4 by gVaooaa In various mails. 

a~fcut?l mraa, Brain*
Mails 1# Calais* Calaltm

Oltseaaa Boaa Olaaoaa Mo m

,:*°2 m z

Saline 7.2 4*7 4,3 8*810.a 9,7 4.5 7.8Alt' a# 4,0 i.i
an m 5.5 11,5
aw- 4,5 8,5

avaraga iaft IhJL 4.4
Bingor# »•« 10,0 5,7 8.5

ffeospfcata* ta 10*5 5.8 8*7„ m 4.7 7,7Wk „ 4,7 8,4•*» 4.5 5.4
avaraga iiil n a 7,9

fhosph&ta 12,3 10.7 9,0 12*0na 8,8 10.7 10.8*•* 8,8 9,1 0,09,i 11,0 11,0 18,310,0 10*4 10,3 10*1
11,9 10,3 m m
8*5 9.9 • m

avaraga 9,5 lQ*3y Mtf
Barata 9,4 ?,a 7,0 13*47,8 7,9 5,0 11.19,2 7,9 » *

8.5 9,5 «* „
avaraga 8,7 8*3 -O-t-5 11*3

* aploitiii ta' Biagar-phospb&tA was 0.8085M,
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The result® with saline, borate and Rlnger-phosphate 
were essentially tha same* Inhibition of auselnate oxidation 
ooeurred oaly in the presense of gluoose and aaloinm In these 
madia* Sines both borste «ind a*llna oontsined no phosphate, 
tha p-irtioipation of phosphate Ions in glueoas degradation 
would appear unneeessavy* This point is, howevert subjest to 
defeat© sinoe tha tisane siloes may ©ling tenaeiously to tree©© 
of tha element despite attempts to restore it* The essential 
faat is that phosphate, if present at all* existed at a de­
finitely subnormal level*

The eembInstion of glueose and oaielum failed to.offset 
imbibition of. suoelmle said in tha strongly buffered phosphate 
solution* pH values obtained from this medium revealed'that 
the produetion of ©old from gluaese eaueed no slgalfleant 
drop ;in.pli. This feet alone explained tha leak'of'inhibition 
in the strong phosphate medium*

ierofele Slyoolysfo
Attention was dirested to the sold dorirod from gluoose 

In the presense of n-butyl urea and .sueelnate* The medio 
yielded a negative nitropruaslde test,hut m positive Selling's 
test for laotle aoid was obtained• luatitiatlve determinations 
were Instituted using the Method of freldemaxm, Ootonlo, and 
Shaffer (1927), and the results with brain and tumor were tab-* 
uloted In Table CXXT. The values are expressed as mg* leetie 
sold per gia* tissue and represent the produet ion during a 
00 minute period (aerobie glyeolysis).

The primary purpose of these determinations w**a to measure
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BX3CTJ3SX0*

Milom of Ere*
Xa general the influence of derivatives of urea on in 

vitro tissue respiration isi on# of depression which Increased 
with 90leeul*r weight* Oortala ureas, usually of low moles* 
alar weight, produced a preliminary stimulation of ^©g, but 
this effect waa soon replaced by depression#

Tha various tiaauaa examine! displayed variation* In 
reaction to thaas agents. Those possessing a high q©£ were 
often inhibited morm than those respiring at s lower rats.
The order of tissues with respect to.resistance to depression 
to tha typical a*butyl urea wma as followas mu#ole, liver, 
tumor,and hr*in, kidney*

^ith regard to possible chemotherapeutic application in 
neoplastic pathology, on# expound examined whloh evidenced 
promise mm n*propyl urea, in i n  vitro studies of Qo^f those 
normal tissues were but slightly depressed, whereas that of 
tumor wmm lowered somewhat more# Owing possibly to the imdl* 
vidual variations inherent in anoh measurements, ststiatioal 
analysis by means of iProbabIc Irror gave a ^slight significance* 
to the difference in degree of respiratory inhibition in normal 
and tumor tissues*. Despite the ceeasionally unbridgeable gulf 
separating results obtained from in vivo and vitro studies, 
the influents of twpropyl urea on tumor bearing animals should 
be tested*
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Mato as Action
la determine the mechanism ^md locus o f action o f the 

ureas, recourse h m  been made to special systems and reagents* 
Here observation at ;';©g inhibition by a area at sc loses little 
information concerning the mechanism involved* la the earnero- 
bie • methylene- blue • reduction technique, only the initial 
respiratory eaxyme chain is operative* Thus the retardation 
by areas of dehydrogenetioa time in the various tissues indi­
cates inhibition of the dehydroge&ase-ooenxyme complex* 

fb«t the terminal respiratory system of cytochrome- 
cytochrome «ldnse is immune to area depression was evidenced 
by the leek of influence of m*»butyl area on the oxidation of' 
p-phemyleiie diamine* Since the utilisation of this latter 
compound Is entirely dependent on the cytochrome complex, m y  
damage to this system would naturally be manifested in the 
oxidation, of the diamine* Another line of evidence for free­
dom from depression w m  afforded by the unimpaired oxidation 
of suesinto said in the presence of ureas* this metabolite 
requires only a specific dehydrogenase and the oyt ©chrome com­
plex for oxidation*

froa this And other ©videao® presented in the text, the 
loeus of the depressant action of areas is assigned to the 
initial respiratory euxyme complex (the dehydroganaae-eoei&xyme} 
which is responsible for the motivation and removal of hydrogen 
from the metabolite*

Tte i m t i  ooourrtn? la iog «*pr**sloii under the influenoe 
of n-butyl urea may be pistared In the following mannerI

(1) the aerobic glycolytic mechanism which is uninhibited



m

convert® glucose to laotlo sold,
(8) 31no.e both fXuoost ami laotlo aeld dehydrogenases 

art depressed, neither metabolite la dehydrogenated 
and oxidation cease®*

(3) dlysolysls continue® with the accumulation of lao~ 
tie told and the 00a@cMit.aai disappearance of flu-
@ 0 3 ® *

Succinct c inhibit ion
It ha® been shown that the oxidation of succinic aold it 

inhibited by glucose la the presence of a-butyl area* '•. Hifeiv 
case was earlier and® to the oxidising system of succinic sold 
which is composed of a dsbydrogcncss coupled with the cytochrome** 
cytochrome oxidase* 31ao« the latter component 1® Immune to 
the inhibition involving succinate as demonstrated by p-phenylan® 
diamine oxidation, the dehydrogenase Is implicated 0® the cite 
of depression#

Xa the preceding discussion, the mechanism for obtaining 
the meld condition of the media requisite for sues lasts inhi*» 
bltioa was defeasd* The means by which calcium, action at pM 
6*5 to 6*8, inhibits the succinic dehydrogenase, is however, 
not entirely understood* The possibility of floeculstlon of 
the colloidal dehydrogenase by divalent options was examined•
Xt was reasoned that since the stability of emulcolds is dl* 
minished as the l.s<H>eleotrle point Is approached, particularly 
la the presence of certain ions, tb~ t such a set of conditions 
might be effective in this case* *s given by Ogeton and 3reen 
(1935) the lao-electric point of succinic dehydrogenase is 
approximately pH 4.6# Inoc the pH of the inhibition media

mailto:00a@cMit.aai
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was usual If 0*7 of a unit usurer pH 4*5 than that of tha normal 
media, colloidal instability may bo proportionately increased* 
ixistiag at a pH above its iso-elcotrio point, tbs protein 
dehydrogenase would carry a negative charge* The fast that 
divalent cations and not anions effected sueeinle soli inhi­
bition would tend to support this view, obviously further 
investigation is required to explain the observations#

In view of the similarity la notion between the n r m  
derivatives and the narootlos, it would be anticipated that 
during narcosis brain oytoplamm would suffer a fall la pH 
by virtue of lactic acid accumulation* The relationship be­
tween the blood o&letum and that la brain has not been completely 
described ; bat tbs presence of approximately 36 »g* ealeiuia 
per 100 na* fresh rat brain {Bees, Gross, ^einsteefc, and 
Berliner 1932)f even partially In the Ionic state, would suf­
fice to foster sueeiuate inhibition* Terions peyohio phenomena 
(amnesia, mental sluggishness, sleep, etc.) and their possible 
relationships'to:'the attendant oalolu&'&nd hydrogen-Ion in­
creases 1® reviewed by ?ag« (1939,,pp. 217-?43)* Conesivably 
stiefc Correlations may' be partially explained on the basis of 
inhibition of the vit̂ -l succinic dehydrogenase *

Mention' .should be-.ymsde‘ of; the use of Coensyne I in the 
sttoeinate inhibition reaction* dphesphopyridlne nucleotide" 
was extracted from brewers* yeast by the 'method of "Ullamson 
and Green (1940)* When traces were added to glucose, a-butyl 
urea, and sues.Inis acid, the usual oxld tive inhibition of the 
last substance tr*a not observed* • This procedure was not stud­
ied in detail and, therefore, requires further investigation*

9689S
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The results, howaTer, suro 
in the inhibition of oixoalnox

i t  o o r t io i 1ion o f t-
* A -B© *

■;0 oo© 332:7ns©
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aoncumcra
1* The derivatives of urea examined depress the oxygen con­

sumption and anaerobic dehydrogenation of normal and tumor 
(Walker rat Mrmmm #319} tissues* la general, this de­
pression Is proportional to the molecular weight of the 
compound,

I* file oxidation of B0 semen carbohydrates *»d doriretiree
1® Inhibited,

3, 3ueciaie acid. (succinic dehydrogenase I end .p-phcnylene
diamine (cytochrome complex) are not influenced#

4* Anaerobic glycolysis la slightly stimulated la normal tie- 
ease, by the nrsee but somewhat depressed in tumor, whereas 
aerobic glycolysis In brain and tumor 1® markedly acceler­
ated fey m*»butyl urea*

3* By the use of special preparations and reagent®, the loons 
; of ',respirî d#y'' ̂ epressloii was restricted to the dehydro* 1 
gemse-eoeh&yms complex*

6. The oxidation of sueoinlo acid is inhibited by glucose In 
the presence of n-butyl urea or eertein other depressant 
agents* This result Is effected by the Increased lactic 
•told product ion sad. the available calcium ions, 4n later* 
probation of this reaction is presented and its possible 
relation to narcosis discussed.
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