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THR REPLACRMENT OF CYSTINR BY SOME PHEROLS
1N METABCLISM

Introduction

The combustion of the assimilable food material as glucose fur-
nishes the energy neeessary fer the msintenance of the living organisms.
But the proteins, earbohydrates, fats and their derivatives in the food
are only exidisedle threugh the sctivation of exygen (er hydregem.) Gener-
ally the proeesses of physieclogieal oxidations are held te be accomplished
through twe agencies. One is ensymio, which brings abeut direct oxida-
tions. The other is breught about by H-acoepters, as glutathion whioch
affects exidation through a reaction of dehydrogenation. The SR growp in
the aysteine cempeund of glutathiom (zcn,smmzcom + 200QHCH,CH,CENE GO -

nzo) has the preperty of Saking up and giving off hydrogem as represented
by the follewing equatiom:

R-SR o M 288R

oxidised reduced
The redueed form of glutathion im being cxidised mey produee the cystine
ocomplex and hydregem peroxide as:

SR ¢+ O — RB-ER ¢ Hy0g
This perexide will thus meke further oxidation possidle, or the oxidised
form ressting with water may liberate axygea ass

B-5R ¢+ K0 — 2R6E ¢ O

Abderhalden and Wertheimer (Arch. ges. Physiol. (Pflugers) 198,
416-20 1923) showed that the system cystine —— oysteine is a mechanisa
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which enadbles the eells to bring abeut the transformstion of aldehyde imto
acid amd aleshols. The additiem of eystine favers the predustien of aldehyde
while the additieon of eysteins favors the formatiem of aleshol. In experi-
menting with pigeons they also foumd that the birds fod om a diet of polished
rioce exolusively showed a failure te utilise the axygem of the blood normally.
This was acoompanied by a lewered body temperature and a depressiom of the
gasoous metadolisa, §inee the tissus extracts of the rice-fed pigeons could
not effest the reduction of cystine, £t was interpreted that the directiem
of- the well balanced reaction RS-5R — RSH ¢ SHR oenly goes from right
te left resulting in the lack of mereaptor groups mecessary for the exidation,
In cysnide poiscning the resction goes from RS-SR —> RSN ¢ HSR and
utilizatien of the mercaptor groups for exidetion is impossidle, |

Goldschmidt (Areh. Ophthalmel., 1917, XGIII, 447) showsd that
there is diminution of eystine in adult 1ife and that catarsct is due %o
the lack of oyeteine or insbility of cystine to form cysteine,

With regard to the effect of phenols in metadolism, Eustom and
Lightbody (Unpub. work) have found evidenoce that the dihydrexy-phenols may
serve soms physiological functions as shown by the addition of these phemols
to some nuhﬁ producing diets.

Tyrosine, one of the important amino seids in mwtrition, in de-
ecamposition by eolen bacteris yields phenol, which can be oxidized to feram

pyrosatechol or hydroquinone as:

) e (e ()

The phenols are them exoreted in the urine in combinatiom with sulphurie
seid or to eertain extent with glucurenic seid.






Upen further axidatien in the eourse of mtabelism the bensine
ring is drelon, The researehes of Jaffe shewed that em administration of
bensens to dogs small amounts of muoonie acid may be isolated from the
urine. Ne represents this reastion as follows:

CH

/N axidstion com com
__—--9 m
“%m/ NS ep - “/,m Mueonic aeid

Bijlema and Versteigh (Aroh. ges. Fhysiol, (Pflugers) 197, 415-23,
1922) have shown that hydroquinome aduinistered to mies and guinea pigs in
over dose causes marksd motor disturbances of the heart, eramps, episthotomos
and other effects.

The possible mechanism of the astion of these dihydroxyphemels in
metabolism may be suggested as following:

1) Acocording to Weilands dehydrogenation ides (Ber. 1912, 45,
484.) hydroquinome is oxidised to quinene by oxygen free palladiwm. ZThe
oxidation consists of the removal of labile hydregem which is takem up dy
palladiun, Glucose is easily oxidized to carbom dioxide and water at low
temperature by quinone as an acceptor for hydregen in the absence of elemen-
tary oxygen. Baocot (Master thesis, Michigan Btate College, 1926) showed
that quiﬁono in water forms hydroquinone as a reversible resction. The
quinone attacks the water molecules with liberstion of activated oxygen as:

e

0

2) Zus;mie exidation theory.

\

It has been known that in sninals and plants there are oxideases
or exidising ensymes effecting oxidations, which ordinsrily can not be







brought about by melecular oxygen slome such as the blueing of guaiaeum,
the oeonversion of hydrequinone te quinone, ete.

Chodat end Bach (Handbush der Biochemischen arbeits methoden
B. Abderhalden, Berlin, 1910, Vol. 3 pp. 42-47) consider an oxidase as
eomposed of an oxygenase and peraxidase. The oxygenase being ensyme like
unites with the axygen of the air to form pouxuu'. The peroxidase aets
upon the peroxide and renders ene atom of its axygen astive fer subsequent
oxidation of an toooptc_r. The reastion is appreximately as follews:

2A0 ¢-0p —> RAOp (Peroxide)

AQ

2
According ¢o Onslow (Biochem J, 14, 536) the oxidase is a three

¢ Peroxidase = A0 » O

component system, One member 1s an organio substanee and probadly is an
aromatie sempound with ¢wo hydroxy groups in the o-positiom er a ecatechel
substanes, Upen exidation the catechol will becoms orthoquinons. The other
twe are ensymss, oxygenase which catalyses the produstiem of peroxides (er
the oxidatien of the eatechoi) wnd a peraxidase which decompeses the per-
exides with the formation of active oxygen. Thus the orthoquinome peroxide
is asted upon by a peroxidase to yield sctive oxygen with the formation of
ocstechal.

In experimenting with the tissue and tissus extracts of plants
she found that those ocontaining some substanee with eateehol grouping give
& blus celer with quiiacum tincture. 8She also found that eatechol, adren-
alin, and compounds wi‘h o-dihydraoxy groupings tend te exidise slowly when
loft in the air with the formatiom of perexides, the exygen of which ocan
be uthl'tod by peroxidases,

The exidatiom of guaiacum, paraphenylen-dismine, and phenolphthalin
by hydrogen perexide wumder the influence of the peraxidase of milk is great-






1y accelerated by phenel and eresol (Kastle and Poreh Hygenis Laderatory
Bull, No, 58). These percxidase secslerators probably act im the capaocity
of auxiliary oxygem earriers and are themselves more or less sompletely
oxidised in such proeesses.
leat P s Peroxidases,
A g Auxiliary oxygen oarrier,
B 3 The peraxidase resgent,
Then

Pe 2H02 — PO

poz * A _—> Pe AOg or
2P02 oA —° 2P0 » Loz
AO: B —) AO ¢ BO

3) The peroxide theory of cxidetion secounts for the phencmens
of autoxidation and axygen eerrying upon the supposition that spentansously
oxidiszsable substances have the power of combining with partially diesoel-
ated molecules of axygem te form peroxides. These peroxides msy then resct
either with additional amounts of the autexidizable substance itself, or
with soms other substance to form simpler axides.

4) Rolf iler (Aroh, Exptle Path. Pharm. 100, 137-48, 1928)
found that in the presenoce ef blood pigmenis acting as § ostalytie agents
hydroquinone, amino-phenol and hydrasobentens are quickly axidised by atmos-
pherie oxygen. As a reduoing agent, with the eatalytie effect of dleod
pigments, hydrequinons or pyrocatechol therefore may render the ordissry
exygen active in dreaking up the molecular form te atemis oxygem as:

' 0
6 ¢ 0, Q ¢ H0 o+ (0)






Quineme in water salution alme is suffielent to dlue gusiaeum,
Basot suggested this te be 4us to the formatien of hydrogem peroxide frem
the reastion of hyirequinome and melecular oxygen as:

6 * 02 —> lzoz 'y

CH
sinoe quinone also forms sn equilibrium mixture with hydroquinome.

5) On the other hand the vorklor Moreau and Dufraisse (J. of the
Chemical Society VYol. 127 Jan., 1826) proved that hydroquinens or pyro-
oatechol is antloxygenlias They prevemt autoxidation whem added in vory
small quantities to autexidizable substances. It is explained as follows:
the antioxygen B acts by decomposing catalytisally the peraxide AO; whiech
results from the union of the autoxidizable substance with ame molecule of
free oxygen, with the formation cf the peroxides AQ and BO, These two pere
oxides being antsgonistie to each other deceompose to form A, B, end oxygen
in their ariginal stets,

The catalysis mey be positive, if the peroxide BO attacks the
substanocs A in preference to the peroxide AO, or negative if the oconverse
condition prevails, The cquations are:

Ay 0 — A02
AOg ¢ B — A0 e RO
positive catalysis;
BO ¢ A — B ¢+ A0
negative oatalysis;
BO ¢ A0 —=> A+ Be 0

Experimentelly hydroquinone plays the part of an antioxygen in

the oxidation of bensaldehyde by interfering with the fixation of free

=8




oxygen, However recent work by Bacot in this laboratory showed that in
high conoentration af hydrogquinons, the Moreau and Dufraisse effect does
tales place with glucose. In low eoneentration of hydroequinons such an
effect is not noticeable,

Hydroquinons and pyrocatechol are antipyretis. This msy be
partly Sue to the depressed oxidation in the body, although they are well-
known as vesodilators,

Nearly all the sbove results are besed upon the work done in
vitro as most of the striking biochericsl axidations of the living eell
oan be initated more or less satisfactorily by experiments in test tubdes,
80 fer there is no evidence that suggests the axidetive processes of the
living organisms differ in any fundazental way from chemical oxidatioms
mown to talke place in inanimate nature, For example, A ketonic acid may
undergo three types of change in the body according to the different cemn~
ditions:

1) I% may be oxidised to a lower fathy acid,

2) It may be raduced to a hydroxy acid,

§) Its ammonium salts may be reduced to en anino soid.

All sre readily imitated in vitre; A

1) by hydrogen peraxide,

2) and 3) by reduoing agents as sodium amelgam.

In view of the above work, namely,

1) the relstion of cystine to animal axidationm,

2) the evidenoce of a physiological function af‘dlhydrmzy phenols,

3) the relatiom of these phenels to plant axidetions, and to sems types of
oxidation in vivo, this work was undertekem. It was thought that the

phenols might in part replace cystine in the oxidative funetions,.
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In order to determine if hydroquinone and pyroeatechol can be

substituted for cystino whioh is essentiel for growth, four different diets

were prapeared:

Bumber one h:t tle couposition of:

Cusein 9%
Salt mixturse 4,58 (Osvorne and Msndel, Je
of Biochenm., 37,657,1919)
Dextrin 70.55%
Cod liver oil 2%
Hydrogenated cotton seed oil 12,85%
Brtter 1%

Diets number two, thres, end four liave the rcane corposition s muiber ome,
exoopt that in numbor two one per cent of ile dextrin is replanssd *y labor-
story vrepared cystine, which is ten and forty~six hundredths por cert pure;

in nuwber threc, ornc tenth per cont of the dextrim is replaced by hydro-

© quinone; in nwiter four, one tewth nar cent of the dextrin ir replaced by

pyrocatechol,

In acdditlon to the ebove lots threa graue of Ilelachmanns dry
yeast was given to sash rat weekly, as o souroce of vitsaine B. The Foline
Loeney wethod for dstermination of oystine (J. of Biooheu. Vol. 651, 1922,
pp. 427) showed the dry -east to contain one and seven hundred airxty eight
thousandths ver oent of a reduocing substanes. Considering +his as oystine
and the average food intake as fifty graome per week the aystine from the

veast samounted to ove hundred and gix thousandths por eent of the dlet,



S8ix white rate at the age of four weeks were placed upom each
diet. They were bept in individuel cages and were weighed weekly.
The results are as follows:

Average Weight
Yieoks Diet 1 Diet 2 Diet 8 Diet 4
(low oystine (high oystine (hydroquinone) (pyrocateshel)
eontent or content)
control)

1l 66.28 63461 53 .43 58.6
2 60,97 62.23 9.0 62.6
] 62,38 6T.77 64.16 61,78
4 62.07 68.27 62,96 61.82
8 72.083 86.41 74.12 7377
] 86.33 108,12 100.31 96,93
4 87,78 108,87 99428 95.43
8 89.36 110,45 99,07 92.4
9 89.4 115696 103.16 94,95
10 100.18 12540 118,68 104.16
11 121.4 160,35 136.98 126,96
12 128.8 166,3 140,68 132.7
13 128.9 178,25 144,02 132.6
14 139,33 185,88 163.6 146,58
18 140,27 163,.1 167,76 148,18
16 143.77 189.3 176,038 166,71
17 153,77 197,97 184.65 166.4
18 156.28 20045 186.98 166.31
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Gonsclusion

Part of the cystine required for normal growth is replaceable by
some phenols, Hydroquinone serves better than pyrocatechol.

If the growth of the control rats is considered as unity, thea
the growth of the rats on the olher three diets mar be expressed as, one
and three tenths for high oystine diet, ons and two tenths for hydroquinone
diet, and one and six hundredths for pyrocatechol dist,

The wechanism of the action is urobably thet of the regulstion of
the oxidative proocesses,

with dihydroxy phenols the positioen of the hydroxy groups deter-
mine their valuo in nmetebolism. The nara position is preferable to the

otho,
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