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Abstract

The bioactivity of garlic extract was evaluated, based on the inhibition of soybean lipoxygenase. While the
inhibition of lipoxygenase by the chloroform extract(lso value after 10min preincubation, 55mg/ml) of garlic
homogenate shows the property as irreversible inhibitors, the aqueous extract (Iso value, 65mg/ml) appeared to
contain mainly reversible inhibitors. In the related study, diallyldislufide and dimethyldisulfide inhibited the
enzyme with Iso value of 1.3mM and 18mM, respectively. These disulfides demonstrated both irreversible and
reversible patterns of inhibition. In addition, synthetic alliin(allylcysteine sulfoxide) was found to inhibit the
enzyme at high concentration (approximately 22% at 10mM), and its decomposition products showed the
irreversible property in the inhibition, in contrast to S-ethyl cysteine sulfoxide which expressed no significant
inhibition. Thus, it is suggested that the garlic macerate contains both irreversible and reversible sulfur inhibitors.
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~ INTRODUCTION

It is well known that Allium species produce a ch-
aracteristic flavor when they are cut, crushed, or squ-
eezed to juice. Their flavor is produced by suifenic
acids derived from the action of CS-lyase (alliinase)
on S-alk (en)yl-L—cysteine sulfoxides”.

Garlic extracts are reputed to offer protection agai-
nst strokes, coronary thrombosis, atherosclerosis, and
platelet aggregation”. Ariga et al.” have isolated a
platelet aggregation inhibitor identified as methyl-
allyltrisulfide from garlic. Recently, it was reported
that garlic had a potent antithrombotic agent iden-
tified as 2-vinyl-4H-1,3-dithiin, 3,4-dihydro-3-
vinyl-1,2-dithiin, diallyltrisulfide, and a compound
named ajoene ; these compounds were nonenzym-
atically derived from allicin (CH2=CHCH:S (O)-SCH-
2CH=CHz, allyl-2-propenethiosulfinate )*.

Recently, allicin, the unstable component, has
been reported to irreversibly inhibit prostaglandin
synthetase or 5-lipoxygenase responsible for the
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formation of inflammation mediator’®. Further stud-
ies showed that ajoenes, vinyldithiin or others also e-
xerted the inhibitory effect on platelet aggregation®®.
Futhermore, even dialkylsulfides were found to inh-
ibit lipoxygenase™. Therefore, it was surmised that
the inhibition of lipoxygenase by garlic extract may
be due to the presence of stable and/or unstable
inhibitors in garlic homogenate. In this respect, it
was suggested that decomposition products of alli-
cin or the other sulfur constituents in garlic may be
responsible for various bioactivities of garlic. In this
study, the bioactivity of garlic extract was based on
the inhibition of lipoxygenase.

MATERIALS AND METHODS

Materials

o-Linoleic acid (99%), soybean lipoxygenase (Ty-
pe V), and Tween 20 were products of Sigma Che-
mical Company. Dimethyldisulfide and diallyldisu-
Ifide were from Fluka Chemical Company. Chlorofo-
rm, DL-a~tocophrol (99%), L-ascorbic acid, boric
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acid were products of junsei Chemical Company.
Other reagents were of GR reade. Garlic oil(pure
refined) was from Cho Dang Pharmaceutial Coopera-
tion. Alliin was synthesized by the method of Stoll
and Seebeck". Garlic clove which was from Yeongi-
Kun, was purchased at a local market on June 1992,

Assay of lipoxygenase activity

Lipoxygenase activity was determined at 234nm
using a spectrophotometer (Milton Roy Spectronic
1201), as previously described'”. One unit is expres-
ed as the increase in A23a of 0.001 per min at pH 9.0
at 25°C when linoleic acid is the substrate in 3.0ml
volume.

Preincubation of soybean lipoxygenase with
garlic extracts or other suffur inhibitors

Garlic extract (10~180mg/ml), sulfides(0.1~10
mM) or garlic oil (4~32ul/ml) was preincubated
with 150, 300 units of soybean lipoxygenase in 15
ml of 0.1N borate buffer, pH 9.0 at 25°C. At the in-
dicated time intervals, the aliquot(100ul) was tak-
en, and used for the assay of the remaining activity
of lipoxygenase. The inhibition degree was express-
ed as the relative percentage (%) of the inhibited ac-
tivity of total activity (control). The amount of each
extract to accomplish 50% inhibition was expressed
as the weight (mg) of garlic per mi.

Preparation of water or ethanol extract of gar-

lic

Fresh or boiled (7.5, 15, 30min) garlic clove (10g)
was macerated for 3min with homogenizer and extr-
acted with distilled water (15mi) or ethanol(15ml) for
5min. The extract was centrifuged (3,000rpm) for
30min, and then the supernatant was used.

Preparation of chloroform extract of garlic

Macerated fresh or boiled garlic clove (10g) was
extracted with chloroform (15ml), and filtrated, and
moisture was removed from the filtrate with anh-
ydrous sodium sulfate. Chloroform was evaporated
by flushing with N2 gas. The residue was dissolved
in ethanol (1mi) and then used for the test of the
inhibitory effect.

Preparation of sulfur containing compounds

Diallyldisulfide, dimethydisulfide or diallylsulfide
were dissolved in ethanol, and then used. Alliin
(allylcysteine sulfoxide) and ethyicysteine sulfoxide
were synthesized according to Stoll and Seebeck',
and the white bundled crystal was dissolved in
distilled water and then used.

RESULTS AND DISCUSSION

As shown in Fig. 1, the lipoxygenase activity, repre-
sented by a time-dependent and linear increase of
absorbance at 234nm, was lowered by the addition of
garlic extract(n=3, p<0.05). The inhibitory effect of
garlic extract seems to be mainly of reversible prop-
erty, since the linearity of the slope was observed dur-
ing a short time (< 5min) assay condition. However,
the slight deviation from the lineary after 5min sugge-
sts that the enzyme aciivity may be inactivated slowly
by the irreversible component from the extract.

In the following experiment, various extracts such
as water, ethanol or chloroform extract were prep-
ared, and investigated for the inhibition of lipoxy-
genase. Fig. 2A shows that the inhibition of lipoxy-
genase by aqueous extract demonstrates a concent-
ration-dependent inhibition. After 10min preincu-
bation, the inhibitory potency increased a little bit
(Iso value, 65mg/ml). Thus, the inhibition by the
aqueous extract appears to be instantaneous, sug-

4

- -=» - Control

—e——Garlic extract

w
-

Absorbancg! 234 nm

[

Q 1 4 5

2 3
Reaction Time, min

Fig. 1. Inhibition of lipoxygenase by garlic extract.
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gesting that the water extract contain largely the rev-
ersible inhibitors. Also, the same pattern of inhibition
was observed with the ethanolic extract(Fig. 2B).
After 10min preincubation, the Iso value decreased
from 65mg/ml to 46mg/ml. In comparison, the
ethanolic extract showed a more inhibitory potency
after 10min preincubation, compared with the aque-
ous extract. These results indicate that the water-unst-
able inhibitor is being produced during preincuba
tion.

Meanwhile, the chloroform extract(Fig. 3) expre-
ssed a greater enhancement of inhibitory potency
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Fig. 2. Inhibition of lipoxygenase by water(A) and ethanol(B)
extract of garlic.

after preincubation. The lso value decreased rema-
rkably from 300mg/ml to 55mg/ml afer 10min inc-
ubation. Moreover, the enhanced inhibitory effect
appeared to be time-dependent. These results sug-
gest that some inhibitory components are more sta-
ble in chloroform than ethanol-water mixture. This
might be due to the presence of allicin or its conv-
ersion products such as ajoene, vinyldithiin or diall-
yltrisulfide as had been reported previously®. The
above suggestion is further supported by another
observation (Fig. 4) that the aqueous extract, etha-
nol extract or chloroform extract of heat-treated sa-
mple exhibited no significant difference in the patt-
ern of inhibition. As might be expected, the heat-tr-
eatment decreased the inhibitory potency by 25 to
30%. Thus, since some of the inhibitory component
was decomposed during heat-treatment, it is sugg-
ested that a larger part of the inhibitory effect is ex-
pressed by the heat-stable components. Therefore,
it is assumed that the irreversible inhibition may be
ascribed to the unstable components. Based on the-
se observations, it is suggested that the garlic extract
contains both reversible inhibitors and irreversible
inhibitors, :
in the attempt to further clarify the different inhib-
itory effect of various extracts, various sulfur compou-
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Fig. 3. Inhibition of lipoxygenase by chloroform extract of
garlic.
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Fig. 4. Effect of heating time on the inhibitory action of gar-
lic extract.
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Fig. 5. Concentration- and time-dependent inhibition of li-
poxygenase by alliin.

nds were incubated with lipoxygenase, and the rema-
ining activity was measured. Fig. 5 shows that alliin
(1~10mM), an endogeneous precursor substrate for
the formation of allicin, inhibited lipoxygenase in the
concentration-dependent manner (22% inhibition at
10mM). It is interesting to find that alliin itself appe-
ared to express both irreversible and reversible inhibi-
tion. In further studies, it was observed that alliin stor-
ed for 2hr in the aqueous system expressed a higher
inhibitory effect, which seems to possess the irrevers-
ible property. Although the irreversible component
was not further elucidated in this experiment, it is
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Fig. 6. Effect of various sulfides on lipoxygenase activity.
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Fig. 7. Time-dependent inhibition lipoxygenase by various
sulfides.

possible to surmise that alliin is decomposed slowly
in the agueous system to produce an irreversible dec-
omposition product. Meanwhile, the reversible inhib-
ition by alliin might be due to the competition bet-
ween alliin itself and substrate toward the active site
of lipoxygenase. This assumption might be supported
by the earlier report that alkyl sulfoxide can inhibit
15-lipoxygenase competitively'®.

In the subsequent experiment, alkyldisulfides or
mono-sulfide were tested for the inhibition of lipoxy-
genase. Fig. 6 indicates that dimethyldisulfide or
diallyldisulfide inhibits lipoxygenase in a concentr at-
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Fig. 8. Concentration-dependent inhibition of lipoxygenase
by garlic oil.

ion-dependent manner. Compared to dimethyl-
disulfide (Iso value of 18mM), diallyldisulfide expres-
sed a greater inhibitory effect with the Iso value of 1.
3mM in instantaneous incubation. Meanwhile, dial-
lylmonosulfide was more potent than dimethyldisulf-
ide, suggesting that diallyl group may be more con-
tributory than dimethyl group for the enhancement of
the binding affinity. In the related study(Fig. 7),
diallydisulfide was found to exhibit the irreversible
inhibition, which might be explained by the assum-
ption that disulfides can modify the thiol group of
cysteine residue in the active site of lipoxygenase.
Consistent with the above result, the irreversible
property of diallyldisulfide was greater than that of di-
methyldisulfide. Thus, it is suggested that diallyldisu-

Ifide, which is relatively stable, may be a more effec-
tive inactivator of lipoxygenase. Although the reason
why inhibition of lipoxygenase by diallyldisulfide is
limited to approximately 85% inhibition is not und-
erstood, it might be explained by the assumption that
the modification of cysteine residue may not lead to
the complete loss of lipoxygenase activity.

Since a synthetic specimen of allicin was not avai-
lable, the garlic oil, which is known to contain allicin,
disulfides etc., was used for the irreversible inhibition
of lipoxygenase. As shown in Fig. 8A, garlic oil inhib-
ited the lipoxygenase activity in a concentration-dep-
endent manner with lso value of 9ui/ml. Fig. 8B
demonstrates that the inhibition by garlic oil is largely
irreversible, although it contained components show-
ing the reversible inhibition. Thus, the garlic oil also
possessed both irreversible and reversible inhibitors.
Moreover, the irreversible inhibitors present in the
garlic oil may be the mixture of allicin or its deco-
mposition products such as polysulfides. Therefore,
the inhibition of lipoxygenase by garlic extract may
be due to the presence of not only allicin but also its
decomposition products. Since the irreversible sulfur
inhibitors are decomposed easily in the aqueous sys-
tem, the inhibitory effect of the decomposition prod-
ucts rather than allicin may be more real in in vivo.

Although the role of allicin or unstable intermedia-
te products have been emphasized as bioactive com-
pounds, our study suggests that the stable and rever-
sible inhibitors present in garlic extract are to be add-
ed to bioactive components.
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