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The nucleir acids and their related substunces exhibil untioxidimtive effeets oo the
nxithtbion of liceleie neid by nir, Yspeeially adenine, pusnngine, xianthine, hypa
xanthine, urie acid, wract, orotic acid, und ribonueleic ueid were og eifective anfi-
axidunts 13 e-tucnpherol, nordihydroguainretic avid, wnd bulyliydroxysnisole.
Nucleie acids and their related substanees may be need ns antinxidants Tor iy,

INTRODUCTTION

Unsaturated fatty scids are readily oxi-
dized by atmuospheric oxygen with the forma-
tion of the correspanding peroxides. There
are naturnlly oeecurring substances which
prevent this phenomenon. These substunces
are found in native tissues or in erude lipids;
upon elimination of these protective sub-
stances, the fatty acids are then readily
oxidized. Among the naturally oecurring
anbioxidants arc tocopherol, gallic acid,
eugenol, sesamoal, aseorbic acid, norconiden-
drin, and pordihydroguninretic acid, In addi-
tion, eertain synthetic eompounds sueh ay
butylhydroxyanisole, ethyl protocatecuate,
propylgallate, trihydrobutylphenone, and di-
butylhydroxytoluene have antioxidative
ability.

The mechanism of wetion of these anti-
oxidsnts is thought to be as follows (1):

ROLY + AHy — ROOH + AH-
AT — AH, + A
ROC" 4+ AR — ROOH + A

AH, representa the antioxidaut which is
converted to A by oxidation, In the processes
in which unsaturated fatty aeids are oxidized
and their peroxides are formed, freo radiesls
are generated (2); ihe nnsaturated fatty
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acids are rapidly oxidized in the chain re-
action whieh these Iree rudieals start. There-
fore, the low econcentration of free radieals
formed at the early stage must be trapped
by the untioxidant and the chain reaetion
of oxidation prevented in order to proteet
againgt the oxidation of unsaturated futly
acids,

Low eoncentrations of metal ions, particy-
larly copper and wron, neeclerate these oxide-
tions. Tlence, chelating agents such ns puoly-
basic organic acids, which ean hind metal
ions or phosphates which form insoluble
salts, are generally used as auxiliary agents.

The observations that nueleic acids and
nucleoproteins contain froe radicals (3) and
nucleic ncids ond their related substances
show peroxidase activity (4), sugeest thot
these substances have the tendency to re-
lease electrons uud form free radicals; that s,
they have the ability to trap free radicals.
Furthermore, since purine and pyrimiding
bases possess nitrogen and oxygen atoms i
their own structuves, Lhey are thought to
form chelate compounds with metals easily.
If the nucleic acids and their related sub-
stances possess the two properties descrilied
above, they may be considered to be the
ideal antioxidants,

Henee, we tested these substances ag
antioxidants for the oxidation of unsatu-
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ruted fatly acids and have obtained satis.
fnatory resulis.

MATERTALS AND METITUDS

Nuclete aeids und their relnted substances wore
purchiused froon Nuteitional Binehemiculs Carpuora-
thon and Sigme Chenidea] Co, Nurdibydroguni-
aredic neid (N1GA), buty] hydroxyunivele (BHA),
a-lucaplierel, linoleie acid, and thivharbiturie
aritl (PBA)Y were purchused from Takye Chetni-
eal o, u,a'-l)iplmnyl-ﬁ-trinitrnphcnylh'_\-'druzyl
tHPPH) was synthesized by the method of Golil-
sthmidl (5).

a-Tugopheral, NDGA, and BHA were nddest
Lo bufer solutions ufter they were dissolved in o
snmll amount of ethanol. Nudleic ueids and their
related subatances were dissolved in buffer soln-
1inng,

The modified TBA method {63) wus vsed fuyr tho
dutermination of peroxide. Linnoleie seid, 200 g,
way dissolved in 0.7 ml, of 1A sodinn hydrixide
solutine und then diluted o 50 i, with 0.2 v
Lorate hulfer, pH 4.0 or 0.2 X phosphrte huffer,
PHT.0. Then 0.6 ml, of the solution of nueleie acids
and thuir related substuuces aml 0.5 ). of the
buller solution or another solution were added
to § wl. af the linoleic acid solutitn, The cuntpleta
mixture was plaeed ot 37° fur the designated
wumber of hourd in air of high hamidity: then 1
ml. ol 358%, trichloruncetic seid and 2 ml. of 0.75";,
TRA solution were udded, nred the Lulw was ploced
in a builing water bath for 15 min. tu develop
tulore, After this solution was coaled, 1 md, of
glaein) werdie reld and 2 ml, of ehloroform wore
added, atirred, and contrifuged (10D X u for &
min.}. The upiienl density of the agueous luyer
wios mensured af 535 mu (THA value),

The values in the tables except Table I are
shows as the meun valnes of tluplicale experi-
ments, The values enn be eompared with those
only in the same tuble, beeause 1he comditions
of tinnleie acid solotions wwed in overy experiment
wore dqifferent,

EXPERIMENTAL AND RESTLTS

I. Tur ErrecTs ofF Aobemox or NecLwre
Actos aNp TrHEm RELATED Srustavees

Linoleie aeid ix oxidized spontanenusly in
air. Nugleic aeids and their related sub-
stanves were addod to the solution of linoleic
acid in an effort to determine which of these
substiniees had  antioxidative ability, For
jneahation periods up to 18 he, ot 37°, all
substavess  showed  antioxidative ability.
Bubstunees effective for 48 howrs at 37° were:
eylosing, adenine, adenylie aeid, guanine,
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TARLK 1
AXTIOXIDATIVE ABNITY GF FoE N LB
Acip Rerarsn SUBstaneEs

The vatuey of peroxide are expressed as Ll
pereentage of thatl for na addition. The cimeen-
tration of the added aubstunves wus 5 X ji+ A
exeept 4 mg./2 ml. riboouddeie seid. The mixtares
were inewbatad ot 37° for 44 hr.

Teragitle vlue
Adtled substances - Rl -
pH 7

TR
ragi] 105 biH]
ridine HiY 0]
3'-Uridylie neig 107 195
Dihydrouraeil - ¢
Cytogine 72 173
Cylidine A it
30-Cytidylie weid 03 17
Adenine il e
Adenosine [y} 137
3'-Adenylic ucid i 152
Guanine T 1581
Giunnostine 1] i3
F.Quanylie neid 153 127
Thymine 44 114
Urofie anid 3 L2
Tnosinie acid KT im
e neid 30 g2
Hypnxauthine (7 hli
Xanthine a7 55
Ribanueleir aeid iEH 37
No addition 00 100

.04 0.8 (0D, 0.328)

guanosing, xanthine, hypoxauthine, and
wie aeid at pH 7.0; weaeil, dihydrouracil,
adenine, guanvsine, ovotic acid, urie acid,
hypoxanthine, xunthine, und ribonueleie
acid at pIt 4.0 (Table 1), In these experi-
ments, bhe linoleie acid remained 0 solution
at pH 9.0, but was emulsified at pH 7.0,

Irom Table J, the substances which ap-
peared to be most effective were elinson and
their effects were recxamined, As shown in
Table I1, all showed obvious effects.

Thoze that appeared to be effective were
then tested directly for possible juterference
in the color resction itseli, Ta the linoleic
acid solution contsining the pergxide which
had been abready formed during incubation
at 50° overnight, the substancer shown in
‘Table 11 were ndded, and the eolors were
developed ut ouee, A fow kinds of substances
ineressed the color yield, but most of the
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substances did not cause interference. Only
ribonueleic acid caused appreciable increase
of color. However, when rihonucleic acid
was added to a solution which contajued ng
preformed peroxides, it showed antioxidative
ability. Only when ribonucleic acid was
added to the rolution in which the peroxide
had aheady been penerated, was icrease
of color found.

2, I'nE ErreeT oF THR JONCENTRATION OF
AnneEn Supsranvoms

Yarying levels of the sybstances which
showed entioxidative ability in the experi-
ment deseribed above were lested to de-

TABLLE {1
AXTIOXIDATIVE ARNITY 0F vy NTelelp
ACIp RELATED BLBSTANGES
The values are expressed a3 the TBA vulue.
The concentration of the ndded substinees wag
§ X 1077 M exeept 4 mg./2 ml. ribonucleie aeid,
The mixtures were inenbuted wk 37° for 45 he,

Added substanes pit nH o0
Adenine 0404 0.189
(hisnoaine 210 0.121
Xanthine 0.204 0,069
Hypoxunthine (1.240 0.108
Creneil 0,244 0127
{hntic aeid 1. 350 .242
Urie neid 1. 200 .16
Ribonuelsie asid fy.278 0.085
e Tneoplierol 1,325 0.210
No wddition 0,435 (.18
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termine the effects of coucentration of these
substanees, As shown in ‘L'able I1I, adenine,
uracil, ribonucleic acid, and a-tocophery}
were less effective below 1001 37, but wrje
acid was more effective at the Tower coneont-
tration, and less cffective ahove 2.5 X 10
A7, With a-toeopherol, at the lawer congen-
tration, the color beeame higher than that of
the sample with no addition. 1t thus ap-
peared to sceclerate the rate of oxidation,
This phenomenon of roversal of effects at
different. concentrations of the added sub-
stunces may be due to the general propertirs
of antioxidants, The mechanisim of action of
untioxidants is thought to he that they act
24 the aceeptor of the free radicals produeed
at the initial stage and as the seeclerators of
oxidation by making peroxides produced in
the course of the induction perind, The anti-
oxidative ability is revealed by the balance
of these reactions. On the other hand, they
can beecome aceclerators of the oxidation
over & eertain range of their concentrations.

3.Tue Wresers oF tuE Nvcukte Acip

RELaTsy SUBsTANCES 1N YHE PhEseser

ar Corren Sarts

The oxidation of unsaturated fatty peids is
aceclerated hy the addition of copper salts,
Henee, the effects of the nucleie acid related
substances were tested in the presence of
copper salts. As shown in Table IV, the
aceeleratiug effect of copper ions was de-
pressed Ly the added substauces, and the
autooxidation of unssbursted fatty aeids in

TABLE 111
Tk Brrecrs o e CoNggxTnamayn o Anpen Huasrtanchs
The values nre expresacit as the ‘TBA valve. The pH ol tha mixtures was 0.0, snd they were incululed

et 47° for 48 hr.

Added substances PR
310

2,5 % {17

Adenine 0.138 0.138
Urpeil 0.226 0.148
Hypoxanthine 0,116 0.087
Urie seid 0.163 0.134
Ribenueleie neid 0,128 0105
c-Tueaphero} 0.2 0.234
Nu addition 02381

Conventratinn (A)

L3 XM Hi]

Hre

5 10
0. 137 0.172 6.210 0277
0. 157 274 ¢.370 G167
0.005 U.149 0.227 +.273
0.075 0.088 0.062 0.063
0.10 0.14 0.166 (.208
(.205 0.617 0. 559 0618

* Ribunueleie neid, £ mg./2 wl., in the case of & X o ar,
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TABLTL IV

Tur Erreers oF tae Nooste Ao ReLaTen
SUBSTANGES IN THE PREsEMcE
nr CoreEnr Sany

The values are expressed ns 1he TEA valye.
The cnventrntions of added aunbstances were:
nucleie aeid related substances, 5 x 10~ i;
ribonneteie neid, 4 mi./2 ml,; und vopper sulfate,
33 300 ¢ 3, The pH of the mixtures was i}, nnd
they were ineabated at 37° for 24 und 48 hy,

H 24 hours 18 hours

Arled substances J—

Nofu ! +Cu  Xo{u®

P0.125 ' 0.8t 0.247 0584

+ Cu

T ——

Adenine

Uyaeil LI 0.800 0 0.2 0688
Hygoxanthine ' 0.067 0,112 0,181 .95

Urie acjd LG 112 0,213 ¢ 0.7
Ribonueleie neid G113 | 0258 0,141, 0,13
a-Tocupleral 0.070 | 0.5 {0.300 ° 1,000
No addition j U267 0568 0684 0.000

the absence of copper ions was also de-
pressed. This observation was thought o
indicate that the uncleie acid related suh-
stanees hiad the ability to chelate metal jons
and trap free radicals at the same time. In
confrast, a-tacopherol showed antioxidative
ahility in the absence of copper ions, but
could not proteet against the accelerating
effect of added copper ions. Tn this experi-
ment, urie acid proved to be the most offee-
tive antioxidant. The effect of addition of
ausiliory agents was tested ns shown in
Table V. Tlowever, they did not show any
additiopal effeets in the presence of utcloie
acid wlnted substances.

4, Tur Lvrecer or Cmie Acm

Hinee urie acid was the most effective in
overcoming the acceleration of oxidatjon of
fatty ucids due to copper ious, experimonts
were carried out to determine aptimal con-
ceutrition of urie acid underthese conditinns,
As shown in Tuble VI, 10 3/ was the mosk
effective in the presence of copper. Above
10-% M, the data ove rather confusing; that
18, 1073 1] was less offoctive than 10-+ A7 or
3 X 10+ Af. However, this tendency wasg
reproducible in several exporinients. The
sume phenomenon. is also found i Table
VIL Tuble V11 shows the compatison of {he

-H9

TABLE YV
Tue Ervser or tie Avvios o
AUXILTARY AGENTS
Tl values ure expressed ne the TBA value,
The eoncentrations of udded substances warn:
wyrophasphnte and eitrate, HFY M upie aekd,
1071 0 xanthine, urueil, and nrdening, 5 X 103
M5 vapper sullute, 1079 Af, The pH of the mixtures
wih 0.0, und they were inewbated ab 37¢ for fi5 hr,

Copper sulfnte 1.2:31
Copper sulfate - urie aeid {342
Copper sulfute + xamhine {1.200
Copper sullute 4 uraeil 0.530
Copper salinde + adenine dtd
Jopper sulfate -+ pyrophingphate . 804
Capper suiluie - pyroplismphate + .o
aurie neid
Cupper sulfate + pyrophosplinte + 0,210
xanthing
Copper sulfate pyropluaphate + 0,205
kil
Copper salfute -+ pyrophosphate -+ 0,563
udenine
Cupper sulfate + eitrate I {in
Capper sulfate 4+ cifeate -+ wrie acid 0263
Cnpper gulfute 4 citente + santhine  §.244
Copper sulfure 4+ vitrale + urneil 0.760
Copper sullnte + civuie 4+ sdenine 0.750
Nu addition 1. 988

TABLE ¥vI
Tur Errecr o Urne Aci
The values are expressed aa Lhe TBA vulue,
The voncentration of cupper sulfule was 5 X
10-2 2L The pH of the mixtures was 0.0, and they
weve incubated sb 87° for 48 hr,

Coneent rition Expl, I Eapt, 1L
of neiv avid e T P
M Nuly + Iy No i “+ Cu
D O 1| S B (+. 182 .21 03,210
3.5 X 13 (104 0.271
LOACT i 1 0.510 o, 084 4,168
a0 X U 0.4y 0.241
' 0. 0.174 0,037 0.2
LD O VY 0.037 0.087
s 0198 tL&i5 0.075 0,083
- 0.233 .64
Nu 1.415 1).887 0. 403 0.0
wdditiom

eflects of urje acid and, the synthetic sub-
stances NDGA and BIIA, which are com-
monly employed antioxidants. 1rie acid was
morte cffective Lhan these substanecs, .



450

Time course of the reaction is shown in
Tig. 1, in which the effects of urie acid were
compared with those of a-tocopherol in the
presence or absence of copper,

TABLE VII
CoMearIsuN oF Tk Irrecrs or Tiae
Acm, NDIGA awv BHA
The values ure expressed as the TBA value.
The econcentration of copper sulfute way 5 X 105
M. The pH of the mixtures way 9.0, pnd they were
ineubuted at 37° for 48 hr,

i Conrentration of added substances (M)
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5. Tow ResertoN BETWERN NUcLEIC Acth
RELATED  SUNSTANCES  AND o
[MPHENYL - # - THINITROPHENYLHYDRAZYL

DPPH is & dye which has a free radical
(7) in itzelf and i stable between pH 5 and
6.5, This dye loses its purple eolor when jt
takes an electron from other compounds or
reacts with other compounds which have
free radieals. Nueleie acid related substances
wore added to the dye dissplved in a small
amount of ethanel, Cpon the addition of
wie acid 1o the dye solution at 37°, the color
faded u{ once. However, the other nucleie
acid related substances did not exert a simi-
lar effect. If they wore incubuted overnight
at 37° with hydrogen peroxide, solutions of
wacil and eytosine also caused the dye to
fade. These results may indicate that wric
aeid can react easily with free radicals in
water and release an electron, whereas uracil
and cytosine ean react with free radicals
ouly when treated with hydrogen peroxide;
ie, they ean produce free radicals in the
presence of hydrogen peroxide. This resuli

Added i) 5% |
aubstanres N o . ‘|— —_
AR
Uric acid | 0.103, 0, 595;0.()135:0.503.»0‘0%'0. 163
NDGA 10.0730.100%.091(0.134,0. 1050, 580
BHA 0.101 {).202[0.059.0.2100.0590.70(}
No addition | 0.630! U
OuyCu | om0 :
ndded 1 i : l
p8t
o7
L ’_Jy
06t
o
[¥y3 |-
Ly
g
a 04
o
0z}

20 40

Fra. 1, Time course of the reaction. 0, linaleig neid only;

40 80 100
HOURS
®, linoloic noid plus urie aeid;

@, linvleie acid plus e-tocopberol; anlid line, na Cu; dotted line, Cu added. The coneeptra-
tions of added aubstances were: urie ueid, 10~ AM; a-toeopherot, 102 AF; gupper sulfate, § X
107% M, The pH of the mixtures was 4.0, and they were ineubuted ut 37°,
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muy have some bearing on the observation
that pirine and pyrimidine compounds show
peroxidase activity (4). The suhstayees
whieh could react with DIPPH showed 1ather
effective antioxidative ability among nueleic
acid related substauces.

DRCIURSION

The results presented bere shuw that most
of the nucleie acids and their related sub-
stances possess antioxidative ability toward
linoleic acid oxidation. The effect may de-
pend upon their ability to trap free radicals
formed in the course of the oxidation of
linoleic acid and to chelats eertain metal ious
whicli serve to accelerate the oxidation. The
experiments described were performed only
at plL 7 and 9, beeause of the insolubility
of linoleic acid in acidic muedin. Cevtain of the
nueleie acid related substances renct at neidic
pH with u dye which has a free radical in
ilwell and, therefore, it is possible that the
nueleic acid related cubstances possess anti-
oxidative ability even at acidic pll.

In thia paper, only linolcie acid was used
as the upsaturated fatty aeid, but the re-
sults should be applieahle to other unsata-
ruted fatty neids such as linolenie and arachi-
douic avids, Furthermore, oue would expeet
that rihonnecleic acid selated substanees
mighl be used s antioxidants for the natural
lipide. However, for this purpose, they
should he used with au emmlsifier beeanse
Lhe meleic acid related substances cannot be
dissolved in lipids when they aie to be used
in foods. Jt, therefore, would he necessary to
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wynthesize derivatives of the nucleie acid

related subsiances which can be dissolved in
lipids. These hase analogs are considered
dungerous beeause of the possibility that
they may he ineorporated in the body;
therefore, they should have structures whiel
can he readily degraded in the hady to the
neiive bases. On the other hand, the nucleie
acid related substances which are added to
fouds could be easily digested, beeause they
ave natural substances, Purine can be ox-
creted as urie aeid (8), and pyrintidine can
enter the TCA eycle (8) in the course of
catabolism. Therefore, they shonld he harm-
less,

Accarding to the reasons which are’ men-
tipned above, the uncleie acids and their
velated substunces may be used as anti-
oxidants for lipids.
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