J. Food Sci. Nutr.
Vel 2, No. 1. p. 29-~34(1997)

Antimutagenic Effects of Linoleic Acid
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Abstract

In order to determine the effeetiveness of linoleic acid{LA) to inhibit carcinogens/mutagens—-induced mu-
tagenesis, Ames test using Safmonella typhimurium TAL00 and the SOS chromotest using E. coli PQ37, were
carried out. The inhibitory effect of LA(1%) on the Ames mutagenicity test were 98%, 78% and 69% mediated
by aflatoxin Bi{AFB;), N-methyl-N’-nitro-N-nitrosoguanidine(MNN(G) and 4-nitroquinoline-1-oxide(4-
NQQ), respectively. LA exhibited a strong antimutagenic activity against indirect mutagen, AFB:, whereas
exhibited the same concentration of LA showed weaker inhibitory effects on direct mutagens of MWNNG and
4-NQO than that of AFB,. LA also reduced the SOS responses induced by MNNG and 4-NQO significantly.
This result showed a possibility that LA can be a protective agent in the early step of cancinogenesis.
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INTRODUCTION

The essential fatty acids are the parents of two fa-
milies! the omega 6 family and omega 3 family. The cme—
ga 6 essential fatty acid is called linoleic acid(LA). It
is found in most seed oils. From LA, a healthy body
makes a derivative called gammma-linalenic acid(v-LA).
¥-1LA is present in human mother’s milk. From 1-LA,
the body makes dihomogamma-linolenic acid(DGLA).
This is also found in mother’s milk and it is the hor-
mone-like prostaglandin 1(PG1) series. From DGLA, the
body makes arachidonic acid(AA). AA is the parent of
another group of hormone-like substances. the prosta-
glandin 2{PG2) series. The omega 3 essential fatty acid
itself is called alpha-iinolenic acid{d~-LNA), From a-LNA,
through cycloxygenase or lipoxygenase, the body makes
a fatty acid which is called eicosapentancic acid(EPA),
EPA is the parent from which the body makes a group
of hormone-like regulation substances called the pro-
staglandin 3(PG3) series.

The oil that contains the highest in omega 6s is
safflower which contains 65%4, and then corn oil 54%,
sesame 45%, peanut 29%, almond 17% and olive 8%
etc. The richest source of omega 3s is flax seed, whose
oil contains 55--65%, perilla oif 60%, pumpkin seed il
0~15%, and soybean oil 7~9%(1).

Deficiency of the omega 33 which keeps a handle
on the production of deleterious PG2s, combined with
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an excess of omega 6s which pushes the arachidonic
acid cascade to produce the PGZ2s unchecked, is one
of the major imbalances in our fat nutrition. Biochemists
have suggested that the ideal ratio of omega 3s to
omega 6s should be 1:4 or 1:5(2).

It has been established that diets high in fat can
significantly enhance mammary tumorigenesis in rats,
unsaturated fat being more effective than saturated
{at(3,4), Epidemiological studies have shown that the
Japanese with their Jow—fat diet have a very low mor-
tality from hreast canceri5,6). However, there is a
growing body of evidence that the essential fatty acids,
linoleic acid, alpha-linclenic acid and several of their
metaholites, including garmma-linolenic acid, arachidonic
acid and some of the prostaglandins, supress the pro—
liferation rate of a variety of malignant cell lines in cul-
ture(7,8). These observations have heen extended by
showing that linoleic acid and its metabolites not. only
inhthit their growth but selectively kill human breast,
lung and prostate cancer cells without damaging normal
fibroblasts and animal kidney cells(9). The antineolpl-
astic elfects of essential fatty acids and their metabo-
lites have been extensively reviewed by Begin(10), Zhn
et al.{11) reported linoleic acid significantly prolonged
the life span of Ehtlich ascites carcinoma-bearing mice
and inhihited the growth of Ehrlich solid carcinoma in
mice compared with the findings in unireated control
mice. One such study was done by Siegel et al.{12), who
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reported that linoleic(18 : 2)-linolenic(18 : 3} acid com-
binations prolonged the life span of tumor-bearing rats
significantly.

In the present study, the effect of linoleic acid was
investigated for its possible antimutagenic activity on
the mutagenesis induced by aflatoxin Bi(AFB1), N-
methy]-N'-nitro-N-nitrosoguanidine( MNNG) and 4-
nitroquinoline-I-oxide{4-NQQ) in the Saimonella typh-
irmurivm TA100 in Ames test, The antimutagenic ac—
tivity was also evaluated on the mutagens such as MN-
NG and 4-NQO mediated mutagenicities in SOS chro-
motest system.

MATERIALS AND METHODS

Materials

Linoleic acid(LA) of 99% purity was obtained from
Sigma Chermical Co.(St. Louis, Mo., USA) and dissolved
in dimethyvlsulfoxide(DMSQ, Aldrich Co., Milwaukee,
WI, USA} hefore it was used.

Mutagens/Carcinogens

Aflatoxin Bi(AFB;), N-methy]-N’-nitro-N-nitroso-
guanidine{MNNG) and 4-nitroquinaline—1-oxide{4-NQO)
were employed as mutagens/carcinogens for this study.

AFB; was purchased from Sigma Chemical Co.(St.
Louis, Mo., USA) and an appropriate amount was di-
ssolved in DMSO. MNNG and 4-NQO were obtained
from Aldrich Chemical Co.(Milwaukee, W1, USA). The
mutagens were dissoved in distilled water and 95%
ethanol, respectively.

Ames mutagenicity test

Bacterial strains:

Salmonella typhimurium TA100, histidine requiring
mutants was provided by Dr. B. N. Ames, Univ. of
California, Berkeley, CA, USA and was maintained as
described by Marons and Ames(13). The genotypes of
tester strain were checked routinely for their histidine
requirement, deep rough(rfz) character, UV sensitivity
(uor B mutation) and for the presence of R factor.

S9 fraction and 59 mix:

Sprague-Dawley male rats were injected intraperi-
toneally with Aroclor 1254 dissovled in corn oil(500mg/
kg of body wt.). After five days of the injections, the

rats were sacrificed, livers were removed and minced
in 0.15M KCl, and then homogenized with a Potter—
Elvehjem apparatus. The homogenates were centri-
fuged at 9000g for 10min in a refrigerated centrifuge
and the supernatant S9 fraction was distributed in 1.8
~2.0ml portions in Nunc tubes, and stored at -80°C
until used for mutagenic studies. In order to prepare the
59 mix, S9 fraction was thawed immediately before
being used for the preparation of 89 mix. Ten percent
of S9 fraction in S9 mix was used as 59 mix for the
experiment,

Antimutagenicity test:

Plate incorporation test was performed to determine
the mutagenic activities of MINNG and 4-NQO(13). A
modified plate incorporation test(14) in which 30min
liguid preincubation of the organisms with the test
compounds was emploved to determine the antimuta-
genic effects of LA on mutagenesis of AFB;, In the
preinctibation test, 0.5ml of 59 mixture was distributed
in sterile capped tubes in ice bath and then (t.1ml of
testers from overnight culture{l -2 10%cells/ml), 500l
aof test compounds(0.001 ~5.0% LA solution) and 50U
of mutagens were added. The tubes were votexed gently
and preincubated at 37°C for 30min. T'wo ml of the top
apar in each tube kept at 45°C were added and votexed
for 3 seconds. The resulting entire mixture was overlaid
on the minimal agar plate. The plates were incubated
at 37°C for 48hrs and then the revertant bacterial co-
lonies on each plate were counted. Dose response tests
of the mutagens on the tester strains were carried out
{14) to determine the regions of revealing rmtagenicity

Table 1. Effect of linoleic acid(L.A) on the mutagenicity
in the presence of $9 mix(+59) and phosphate
buffer(-59) in Salmonella typhimurium TA100

Sample Concentration(%)  Revertants/plate

Spontaneous 100+4
LA 0.001 118£3
(+59) 0.Mm 111=6

01 101+8

05 110£4

1.0 972

50 149+6

Spontaneous 97x7
LA 0.001 36+3
(—59) 0.01 8Ll

01 99+ 4

0.5 93+1

1.0 a8tz

5.0 106+3
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induced by the mutagens. Toxicity test for the different
levels of the LA was carried out and LA samples for
the toxicity test in this study did not show any toxicity
to the tester strain. The LA samples(0.001 ~5.0%) also
did not show any mutagenicities in the presence or
in the absence of 39 mix(Table 1).

S0S chromotest

The modified assay method described by Quillardet
and Hofmung(15), and Baik and Ham(16) was employed,
500l of frozen stock of E. coli PQ37 was added to 50
ml/L medium and incubated in shaking water bath at
37°C overnight, then it was inoculated to the 5ml/L
medium at 37°C and incubated in shaking water bath
for 2 hrs until the absorbance at 660nm reached 0.3~
0.4, the active culture. The obtained active culture was
diluted to 10 folds with L medium. 100Ul of the diluted
culture distributed to the 2 series in the wells of 96 well
plate. 201l of LA that was treated with mutagen{10ul
LA+10pl mutagen) were added, and then the SOS re-
sponse was induced at 37°C for 90min. 1001 of ONPG
(o-nitrophenyl-B-D-galactopyranoside) and 100ul of
PNPP(p-nitrophenyl phosphate disodium) were added
to each set of the wells to determine the activities of
B-galactosidase(B-G) and akaline phosphatase(A-P),
respectively.

After the color development for 20min, 1004 of 1.56M
Na:C03 and 50M of 1M HCI were added to stop the
color developments of -G and A-F, respectively. After
omin, 501 of 2M Tris buffer was added to the A-P
to neutralize the HCl and then determine the SOS res-
ponses at 420nm. The SOS responses of the samples
were calculated by the method of Miller(17).

RESULTS AND DISCUSSION

Effect of LA on antimutagenesis in Ames test

Toxicity test for the different levels of LA was also
carried out and the LA samples did not show any tox—
icity to the tester strain.

From the dose response test of AFBy, lIilg of AFB
per plate was employed to evaluate the antimutagenic
effect of linoleic acid{I.A) on the AFB: induced muta-
genesis, As shown in Table 2, at the addition of 0.5%
LA sample to the system, the inhibition rate for AFB,
was 91% while the inhibition rate showed 98% at 1%
LA addition. A similar inhibitory effect was observed

Table 2. Effect of linoleic acid(I.A) on the mutageni-
city of aflatoxin Bi{AFB, lyg/plate} in Sal-
monella typhimurium TA100

Treatment{%) Revertant/plate  Inhibition rate(%s)
Spontaneous 106+13Y
AFB1{Control) 101769
AFB+LA 0001 RIRE 37 21
(.01 708+14 34
1 53325 53
05 1BhE 6 91
10 125+ 2 93
50 112+ 3 a9

YThe values are means of 3 replicates*SD

with the increased concentrations of LA, We also com-
pared ts to determine whether this antimutagenic effect
is also effective to other carcinogens/mutagens, such
as direct mutagens of MNNG and 4-NQO. Direct mu-
tagens of MNNG and 4-NQO exhibited strong muta-
genic activity toward TA100 strain without metabolic
activating system. The dose response tests were per-
formed with the plate incorporation test recommended
by Ames et al.(18) and Marons and Ames(13), .45Ug
of MNNG/plate resulted in revertant numbers of 810=
32 and (.15Ug of 4-NQO/plate revealed 1405+21 of re-
vertants. These concentrations were emploved to study
antimutagenic effects of LA toward these mutagens,
Table 3 showed that 85% of MNNG induced mutage-
nicity was blocked at the concentration of 526 LA. The
was added to the test system. In addition, 63% and 75%
of the mutagenicity induced by 4-NQO were inhibited at
concentrations of 1% and 5% LA, respectively(Table 4).
Thus, it can be concluded that LA showed strong
antimutagenic activity not only to AFB: but alse to other
known mutagens/carcinogens, MNNG and 4-NQO.
Nakahara(19) observed increases in the resistance of
mice to several transplantable tumors following the injec

Table 3. Effect of linoleic acid(L.A) on the mutagenicity
of N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG, 0.45ug/plate} in Salmonella typhi-
murium TA100

Treatment(%) Revertant/plate  Inhibition rate(%)
Spontaneous g3+ 12"
MNNG(Control) 810£32
MNNG+LA (.01 41459 5}
0.1 36132 63
05 206118 72
10 2511723 78
5.0 19937 &

"The values are means of 3 replicates £ SD
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Table 4. Effect of linoleic acid{LLA) on the mutagenicity
of 4-nitro—-quinoline~1-oxide(4-NQO, (.151g
/assay) in Salmonella typhimurium TAI100

Treatment(%)  Revertant/plate Inhibition rate(%)
Spontaneous 102:20"
4-NQO(Control) 1425+21
4-NQO+LA 0.01 64135 60
0.1 Mt 5 62
0.5 562136 65
1.0 B6+t12 69
5.0 438111 fis)

UThe values are means of 3 replicates £ 5D

tion of olive oil and unsaturated fatty acids, such as oleic,
linoleie, and linolenic acid. Hayatsu et al.{20) suggested
that oleic and linoleic acid decreased significantly the
mutagenicities mediated by indirect rmutagens of af-
latoxin Bi(AFB,), 3-amino-1-methyl-5H-pyrido[4,3-
blindole Trp-p-1) and benzolalpyrene. Tolnai and Mor-
gan(21) showed that unsaturated fatty acid had anti-
tumor activity tn vitro against three different mouse
ascites tumors, and that the compounds with the most
marked antitumor activity were linoleic and linolenic acid.

Effect of LA on antimutagenesis in SOS chro-
motest

When enzyme activity of b-galactosidase and alka—
line phosphatase were assaved, the activity of p-ga-
lactosidase had to be compared with alkaline phospha-
tase as a parameter by a given dose, respectively.

Ag shown in Table b, we observed LA had the strong
inhibitory effect on SOS response. Especially, 86% and
96% of SOS response induced by MNING were blocked

Table 5. S0S response of N~methyl-N'~nitro~N-nit-
rosoguanidine(MNNG, 0.07pg/assay) treated
with different levels of linoleic acid{I.A)

Sample(%6) B-unit” a-umit R Inhibition(%)

Spontaneous 117 93 1%

MNNG{Control) 139 05 146

MNNG-+LA 0001 138 gh 144
0.01 13.8 g8 156
01 127 86 147
05 126 37 147
10 119 96 123
5.0 1186 125 110

1000 > Ao
i
fi-Galactosidase units _ AmBXtP

Alkaline phosphatase units AP X B

EEAH oo

YEnzyme unit =

Z)R -

Table 6. SOS response of N-nitro-quinoline-1—oxide(4—
NQO, 0.02ug/assay) treated with different le-
vels of linoleic acid(LA)

Sample(%)  B-unit’ a-unit R® Inhibition(%)
Spontanecus 10.9 61 L79
4-NQO(Control) 144 64 230
A-NQO+LA 0001 144 63 228 9

0.01 14.3 62 2729 9
0.1 133 60 220 37
0.5 129 8o 220 46
10 11.7 68 170 80
5.0 11.0 109 100 a7
VEnzyme unit =—120%<—&4ﬂ—
9 B-Galactosidase units  ApBXP

- Alkaline phosphatase units AP X (B

by adding 1% and 5% concentrations of 1.4 to the well
respectively, and a similar inhibitory effect was found
by the increased concentrations of LA. In order to re-
confirm the effect of LA on SOS response, another mu-
tagen of 4-NQO was tested. 80% of the mutagenicity
induced by 4-NQO was blocked by the addition of 1%
of LA and 97% of the mutagenicity mediated by 4-
NQO was inhibiled by 5% of LA{Table 8),

From the above studies, our results showed LA had
strong antimutagenic activity in the mutagenesis in-
duced by AFB;, MNNG and 4-NQO in both Ames test
and SOS chromotest systems. Park et al.(22) reported
that one of the major antimutagenic compounds found
in doenjang (Korean soy paste) was linoleic acid. They
also indicated that the LA in doenjang extracts exhibited
strong antimutagenic activity on wide range of the car-
cinogens.

The antineoplastic properties of many essential po-
[yunsaturated fatty acids(PUFA), such as linoleic acid
and its metabolites, are known, Linoleic acid inhibited
in vitro growth of all three malignant human colon ade-
nocarcinoma cell lines(23). Ha et al.(24,25) also repor-
ted that isomeric derivates of LA which were isolated
from grilled ground beef were effective in partially in-
hibiting the inhibition of mouse epidermal carcinoge-
nesis by 7,12-dimethylbenzo(a)anthrancene and for-
estomach tumorogenesis indnced by henzola)pyrene
{26,27). LA decreased growth of various human cancer
cells(28) and transplanted timors in mice(29), LA also
enhanced the phagocytic activity and NBT reduction
of pertional phagocyte of mice(30).
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This results showed that the inhihitory action of LA

can be the physical trapping of the lipophilic mutagens
by the phospholipid bilayer structure formed hy the
fatty acids. It is known that bilayer vesicles can be pro-
duced from unsaturated fatty acids but not from satu-
rated ones{31,32). Other mechanisms, such as chemical
reactions between the inhihitors and the mutagens in
early step of carcinogenesis, are also a possihility and
must be explored by further work.
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