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Inhibitors of Platelet Aggregation Generated from Mixtures of Allium
Species and/or S-Alk(en)nyl-L-cysteine Sulfoxides

Yasujiro Morimitsu, Yoshiyuki Morioka, and Shunro Kawakishi”

Department of Food Science and Technology, Faculty of Agriculture, Nagoya University,
Nagoya 464-01, Japan

From the mixing of onion (Allium cepa L.) juice with S-alk(en)yl-L-cysteine sulfoxides or other Allium
species, thiopropanal S-oxide, the lachrymatoryfactor of onion, reacted with other sulfenic acids produced
by the action of CS-lyase (alliinase). Using this reaction, the AC series/cepaenes so far isolated from
onion extracts as inhibitors of platelet aggregation and their homologues could be obtained in good
yield. Hence, the mixing of onion with rakkyo (A. chinense G. Don) or garlic (A. sativum L.) resulted
in marked increases in the inhibitory activity of platelet aggregation compared to the inhibitory activity
of onion extracts. The antithrombotic compounds isolated from these mixtures were a-sulfinyl di-
sulfides and thiosulfinates. Thiopropanal S-oxide was considered to play an important role in the

formation of bioactive a-sulfinyl disulfides.

INTRODUCTION

It is well-known that Allium species produce a char-
acteristic flavor when they are cut, crushed, or squeezed
tojuice. Theirflavoris produced by thereaction of sulfenic
acids derived from the action of CS-lyase (alliinase) with
S-alk(en)yl-L-cysteine sulfoxides. Antithrombotic orga-
nosulfur compounds have been isolated and identified from
Alliumspecies. For example, methyl allyltrisulfide (Ariga
etal., 1981), dithiin (Apitz-Castro et al., 1983), and ajoene
(Block et al., 1984) were isolated from garlic, and AC series
(Kawakishi and Morimitsu, 1988; Morimitsu and Kawak-
ishi, 1990), cepaenes (Bayer et al., 1988), zwiebelanes
(Bayer et al., 1989b), and butanedithial S,S’-dioxide (Block
and Bayer, 1990) were isolated from onion. These
compounds were considered to be generated from ex-
tremely reactive sulfenic acids just as the flavorous
compounds of Allium species. Some of them possess other
biological activities such as an antiasthmatic effect (Bayer
et al., 1988, 1989a).

There are four S-alk(en)yl-L-cysteine sulfoxides (meth-
yl, propyl, 1-propenyl, and allyl substituents) in Allium
species. Some Allium species, garlic, onion, and rakkyo
(“rakkyo” is the Japanese name for an Allium species
similar to a scallion or shallot), contain predominant
amounts of the specific S-alk(en)yl-L-cysteine sulfoxide
with allyl, 1-propenyl, and methyl substituents, respec-
tively. The inhibitory effects of platelet aggregation were
individually tested in all Allium species, but no one has
examined the inhibitory activities of their mixtures. In
addition, Allium species that contain both S-allyl- and
S-1-propenyl-L-cysteine sulfoxides as their constituents
have not been reported. Some novel inhibitors of platelet
aggregation may be found in the mixing extracts of onion
and garlic.

The AC series were homologous to cepaenes in that they
have an a-sulfinyl disulfide skeleton. These antithrom-
botic compounds were postulated to be produced by the
addition of sulfenic acids to thiopropanal S-oxide (1), the
lachrymatory factor (LF) of onion (Block et al., 1979).
Yagami et al. (1980) have demonstrated the carbophilic
addition of thiols to 1 (sulfine) by mixing the onion extract
with benzenemethanethiol. The reaction products of 1
and methanesulfenic acid (or 2-propenesulfenic acid) can
be observed in the mixture of onion and rakkyo (or garlic).
Investigation of the antithrombotic compounds from these
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mixtures should help to clarify the formation pathway of
the bioactive a-sulfinyl disulfides.

The present paper describes the isolation and identi-
fication of inhibitors of platelet aggregation from the
extract of onion juice mixed with one of the
S-alk(en)yl-L-cysteine sulfoxides (garlic or rakkyo). The
proposed mechanisms for the formation of these com-
pounds are also discussed with regard to the reaction of
1 and sulfenic acids.

EXPERIMENTAL PROCEDURES

Materials and Reagents. Allium species (onion, garlic, and
rakkyo) were obtained from local markets in Nagoya, Japan.
S-Methyl-L-cysteine was purchased from Sigma and oxidized to
the sulfoxide according to the method of Synge and Wood (1956).
Other S-alk(en)yl-L-cysteine sulfoxides were synthesized accord-
ing to the methods of Freeman and Whenham (1975) and Lan-
caster and Kelly (1983). Disulfides were purchased from Wako
Pure Chemical and Aldrich and oxidized to thiosulfinates with
peracetic acid (Block and O’Connor, 1974; Block et al., 1986).

Equipment. Nuclear magneticresonance (NMR)spectra were
measured by a JEOL EX-270 spectrometer with tetramethyl-
silane (TMS) asinternal standard. Electronimpact massspectra
(EI-MS) were obtained using a JEOL DX-705L spectrometer.
Infrared spectra (IR) were measured by a JASCO FT-IR 7000s
spectrometer. The high-performance liquid chromatography
(HPLC) system consisted of a pump (CCPE, TOSOH) and a
normal-phase column (SI-60-5, 4.6 or 8.0 X 250 mm, Nomura
Chemical) with a UV detector (UVIDEC-100-II, JASCO) at 270
nm.

Preparation of the Reaction Products from a Mixture of
Onion Juiceand S-Alk(en)yl-L-cysteine Sulfoxides or Other
Allium Species. Onion bulbs (500 g) and a 10-mmol aqueous
solution of S-alk(en)yl-L-cysteine sulfoxides (100 mL) or one of
the other Allium species (garlic, 125 g; rakkyo, 500 g) were
homogenized using a blender for 2 min at room temperature.
After the homogenates were squeezed through nylon mesh (125
mesh) to afford onion juice, the solution was stirred for 2 h at
room temperature. The reaction mixture was extracted with
CHCl;3 (3 X 200 mL). The combined CHC]; extract was dried on
anhydrous Na,SO, and concentrated in vacuo at 20 °C, giving
an oily residue.

Spectral Data of Antithrombotic Compounds Isolated
from the Reaction Mixtures. No analytical data are presented
for 3, 4a,b, 6a,7, 7a,b, 9a,b, 10a,b, 11a,b, 16, and 17. 3-Ethyl-
2,4,5-trithiahexane 2-S-oxide (4a,b), trans-3-ethyl-2,4,5-trithia-
6-octene 2-S-oxide (6a,b), and cis-3-ethyl-2,4,5-trithia-6-octene
2-S-oxide (7a,b) were identical with AC-1a,b, AC-11a,b,and AC-
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12a,b isolated from onion as inhibitors of platelet aggregation
(Morimitsu and Kawakishi, 1990), respectively. Methyl cis/trans-
1-propenethiosulfinate (3), trans-5-ethyl-4,6,7-trithia-2-decene-
4-S-oxide (9a,b), trans,trans-5-ethyl-4,6,7-trithia-2,8-decadiene-
4-S-oxide (10a,b), and trans,cis-5-ethyl-4,6,7-trithia-2,8-decadiene
4-S-oxide (11a,b) were identical with cepaenes isolated from onion
as dual inhibitors of cyclooxygenase and 5-lipoxygenase (Bayer
etal., 1989a). trans-4,5,9-Trithiadodeca-1,6,11-triene-9-S-oxide
(16) and cis-4,5,9-trithiadodeca-1,6,11-triene 9-S-oxide (17) were
identical with (E)- and (Z)-ajoene isolated from garlic as an-
tithrombotic compounds (Block et al., 1984), respectively.

trans-5-Ethyl-4,6,7-trithia-2-octene 4-S-Oxide (5). EI-MS
m/z (relative intensity) 210 (M*, 1.5), 121 (92), 79 (42), 73 (100);
1H NMR (CDCl,) 6 1.16 (dd, 3 H, J = 7.2, 7.2 Hz, H-2"), 1.97 (dd,
3H,J=6.4,1.1Hz, H-8), 1.50 (ddq,1 H, J = 14.8,11.1, 7.2 Hz,
H-1%), 2.29 (dqd, 1 H, J = 14.8, 7.2, 3.3 Hz, H-1"), 2.48 (3, 3 H,
H-1),3.52(dd,1H,J =11.3,3.3 Hz, H-4),6.44 (dq, 1 H, J = 15.0,
1.1 Hz, H-6), 6.55 (dq, 1 H, J = 15.0, 6.4 Hz, H-7).

5-Ethyl-4,6,7-trithiadecane 4-S-Oxide (12a). IR vyax (CCly,
cm™) 2950-2900 (s), 1220 (s), 1060 (s, sulfoxide); EI-MS m/z
(relative intensity) 240 (M*, 0.9), 149 (93), 117 (11), 107 (21), 73
(100); 'H NMR (CDCly) 6 1.02 (dd, 3 H, J = 7.1, 7.1 Hz, H-2),
1.14 (t,3H,J = 7.2 Hz, H-10), 1.22 (t,3H, J = 7.2 Hz, H-1), 1.68
(ddq,1H,J =14.6,11.3,7.1 Hz,H-1),1.74 (tq,2 H,J = 7.4, 7.2
Hz, H-9), 1.85 (tq, 2 H, J = 7.2, 7.2 Hz, H-2), 2.30 (dqd, 1 H, J
= 14.6, 7.1, 3.7 Hz, H-1’), 2.65 (dt, 1 H, J = 12.2, 7.2 Hz, H-3),
2.77,2H,J =7.4Hz, H-8),2.78 (dt, 1 H,J = 12.2,7.2 Hz, H-3),
3.66 (dd, 1 H, J = 11.3, 3.7 Hz, H-5).

12b (the Diastereoisomer of 12a). IR vp,, (CClL, cm™), 2950~
2900 (s), 1220 (s), 1060 (s, sulfoxide); EI-MS m/z (relative
intensity) 240 (M*, 2), 149 (100), 117 (22), 107 (63), 73 (100); 'H
NMR (CDCly) 6 1.02 (dd, 3 H, J = 7.1, 7.1 Hz, H-2"), 1.12 (¢, 3
H, J = 7.0 Hz, H-10), 1.16 (t, 3 H, J = 7.0 Hz, H-1), 1.72 (tq, 2
H,J =17.3,7.0 Hz, H-9), 1.91 (tq, 2 H, J = 7.8, 7.0 Hz, H-2), 1.96
(ddq,1H,J =149, 11.1, 7.1 Hz, H-1), 2.38 (dqd, 1 H, J = 14.9,
7.1, 3.3 Hz, H-1), 2.71 (dt, 1 H, J = 12.9, 7.8 Hz, H-3), 2.74 (t,
2H,J=17.3Hz, H-8),3.12 (dt, 1 H, J = 12.9, 7.8 Hz, H-3), 3.48
(dd, 1 H,J =11.1, 3.4 Hz, H-5); 1*C NMR (CDCly) 6 11.5 (C-2%),
13.3 (C-10), 13.7 (C-1), 16.9 (C-1"), 20.5 (C-9), 22.6 (C-2), 42.9
(C-8), 52.9 (C-3), 73.2 (C-5).

6-Ethyl-4,5,7-trithia-2-decene 7-S-Oxide (13; Cis,Trans
Mixture). EI-MS m/z (relative intensity) 238 (M*, 1.8), 179
(27), 147 (98), 105 (100), 73 (44).

trans-6-Ethyl-4,5,7-trithia-1,8-decadiene 7-S-Oxide (15).
EI-MS m/z (relative intensity) 236 (M™*, 0.8), 147 (100), 105 (69),
73 (71); 'H NMR & (CDCly) 0.92 (dd, 3 H, J = 7.3, 7.3 Hz, H-2),
1.51 (ddq, 1 H, J = 13.8, 10.7, 7.3 Hz, H-1"), 1.78 (dd, 2 H, J =
7.8,0.5 Hz, H-3), 1.97 (dd, 3 H, J = 6.5, 1.0 Hz, H-10), 2.32 (dqd,
1H,J=13.8,17.3, 3.0 Hz, H-1), 3.55 (dd, 1 H, J = 10.7, 3.0 Hz,
H-6), 5.18-5.47 (m, 2 H, CH.CH=CH,, H-1), 5.87 (m, 1 H,
CH.CH=CH,, H-2), 6.45 (dq, 1 H, J = 14.9, 1.0 Hz, H-8), 6.55
(dq, 1 H, J = 14.9, 6.5 Hz, H-9).

Enzyme Reaction of S-1-Propenyl- and S-Methyl-L-cys-
teine Sulfoxides. The preparation of S-substituted L-cysteine
sulfoxide lyase (EC 4.4.1.4, CS-lyase; alliinase) from onion was
based on that of Schwimmer and Mazelis (1963). Enzymic
activity, as determined according to the method of Freeman and
Whenham (1975), was 140 units/g of the crude enzyme containing
CS-lyase. The crude enzyme (0.5 g) dissolved in 0.1 M Tris-HCl
buffer (pH 8.5 at 37 °C, 15 mL), the buffer solutions of 0.25 mM
pyridoxal phosphate (5 mL), 50 mM S-1-propenyl- and S-methyl-
L-cysteine sulfoxide (5 mL each) were added all at once and
incubated at 37 °C for 1 h with stirring. The reaction mixture
was extracted with CHCl; (3 X 30 mL); the CHCl; phase was
dried with anhydrous Na,SO, and concentrated in vacuo. The
reaction products were analyzed by HPLC [n-hexane/EtOAc/
i-PrOH/EtOH 80/10/9/1 (v/v)].

Preparation of Human Platelets. Venous blood was
obtained from healthy donors by drawing into plastic syringes
containing 1/10 final volume of 3.8% sodium citrate as an an-
ticoagulant. Platelet-rich plasma (PRP) was prepared by cen-
trifugation of the citrated blood at 120g for 10 min. Platelet-
poor plasma (PPP) was obtained from centrifugation of the
residue at 1100g for 15 min. All procedures were performed at
room temperature.
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Table I. Inhibitory Effect of Mixtures of Allium Species
on Human Platelet Aggregation

inhibition, %

extract? 20 ugt 10 pge
onion 29 -4
rakkyo 0 -
garlic 100 57
onion plus rakkyo 79 11
onion plus garlic 100 100
garlic plus rakkyo 100 52

@ The extraction was done by CHCl. ¢ The inhibition percent was
calculated from the decrease in maximal aggregation of the blank
test induced by collagen. ¢ This amount of each extract was added
to 200 uL of PRP. 9 -, not measured.

Platelet Aggregation Measurement and IC;, Determina-
tion. Platelet aggregation was measured turbidimetrically using
a dual-channel aggregometer (Hematracer I, NKK). PPP was
used to adjust to 100% transmittance. For all experiments, 200
uL of PRP (250 000 platelets/uL) and 1 uL of the methanolic test
sample solution were incubated at 37 °C for 1 min with stirring.
The aggregation was induced by adding collagen (0.2 ug, fibrillar
“Horm”, Hormon-Chemie). Thisdose of collagen (1 ug/mL PRP)
was determined to be the minimal required to elicit maximal
platelet aggregation. Other inducers were often used with 20 uL.
of ADP solution (final concentration of 10 uM) or 20 uL. of arachi-
donate solution (final concentration of 0.5 mM). The ICs values
were determined as the concentration of the compound that gives
50% inhibition of platelet aggregation compared with the blank
test.

RESULTS AND DISCUSSION

Inhibitory Effect for Platelet Aggregation with
Mixtures of Allium Species. Table I shows the inhib-
itory activities of the reaction mixtures. The mixtures of
onion plus garlic and onion plus rakkyo exhibited a
synergistic effect for inhibition of platelet aggregation
compared to each individual one, but the mixture of garlic
and rakkyo did not. The mixture of onion and S-allyl-
L-cysteine sulfoxide instead of garlic also exhibited the
synergistic effect, and the mixture of onion and S-methyl-
L-cysteine sulfoxide instead of rakkyo similarly did (data
not shown). These results suggested that the reaction
products of 1-propenesulifenic acid and 2-propene- or meth-
anesulfenic acid appear to possess the potent inhibitory
activity.

Inhibitors Isolated from the Mixture of Onion and
Rakkyo or S-Methyl-L-cysteine Sulfoxide (MCS).
Compared with HPLC chromatograms of onion only, two
chromatograms of the mixture of onion and S-methyl-i-
cysteine sulfoxide and the mixture of onion and rakkyo
(Figure 1) had obviously the same patterns (Figure 1B,C).
Methanethiosulfinate (2) derived from methanesulfenic
acidswere detected in both mixtures. Inhibitors of platelet
aggregation, methyl cis/trans-1-propenethiosulfinate (3),
3-ethyl-2,4,5-trithiahexane 2-S-oxide (4a,b), trans-56-ethyl-
4,6,7-trithia-2-octene 4-S-oxide (5), trans-3-ethyl-2,4,5-
trithia-6-octene 2-S-oxide (6a,b), and cis-3-ethyl-2,4,5-
trithia-6-octene 2-S-oxide (7a,b) were isolated and
identified. The yield of 5 was so small that its diaste-
reoisomer could not be detected. All of them, except 5,
have already been isolated from onion only, while yields
of 4a,b and 6a,b plus 7a,b were dramatically increased
over 40 and 30 times, respectively, as determined by the
chromatointegrator connected to the HPLC (data not
shown). Evidently, thiopropanal S-oxide (1) reacted with
excess methanesulfenic acid, and all of its product con-
tained methylsulfinyl and/or methane thioether functions.
Another type of inhibitor could not be detected from these
reaction mixtures.
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Figure 1. HPLC chromatograms of the extracts of onion (A),
onion plus MCS (B), and onion plus rakkyo (C). Analytical
conditions: flow solvent, EtOAc/CHCls/i-PrOH/EtOH 50/50/
1/1 (v/v); flow rate, 0.8 mL/min.
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Figure 2. HPLC chromatograms of the extract of onion plus
PCS (A) and the active fraction of this mixture (B). Analytical
conditions: flow solvent of (A), n-hexane/EtOAc¢/i-PrOH/EtOH
80/10/9/1 (v/v); flow solvent of (B), n-hexane/EtOAc/EtOH 50/
50/1 (v/v); flow rate, 0.8 mL/min.

Inhibitors Isolated from the Mixture of Onion and
S-Propyl-L-cysteine Sulfoxide (PCS). S-Propyl-L-cys-
teine sulfoxide is one of the major sulfoxide derivatives in
Allium species, especially in onion. An attempt to mix
onion S-propyl-L-cysteine sulfoxide was carried out to
determine how 1 could react with excess propanesulfenic
acid just like methanesulfenic acid mentioned above. The
HPLC chromatogram of this mixture is shown in Figure
2A. Propylthiosulfinate (8), derived from propanesulfenic
acid, was detected in the mixture. Inhibitors of platelet
aggregation, trans-5-ethyl-4,6,7-trithia-2-decene 4-S-oxide
(9a,b), trans,trans-5-ethyl-4,6,7-trithia-2,8-decadiene
4-S-oxide (10a,b), trans,cis-5-ethyl-4,6,7-trithia-2,8-dec-
adiene 4-S-oxide (lla,b), 5-ethyl-4,6,7-trithiadecane
4-S-oxide (12a,b), and 6-ethyl-4,5,7-trithia-2-decene 7-S-
oxide (13; cis,trans mixture) were isolated and identified
from the active fraction of the reaction mixture (Figure
2B). The new compound 13 was an analogue of the ce-
paenes, but its yield was too small to separate out each
stereoisomer. The compounds 9a,b, 12a,b, and 13 were
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Figure 3. HPLC chromatogram of the extract of the model
reaction of PCS plus MCS induced by CS-lyase. The analytical
conditions were identical to those described in Figure 1.

Scheme 1
H. LO7
2 — /\Cé*) non o
———
A2 R !a'H H’S‘O H

. S...R
R'SOH diap. /\l/ s
O'S‘F{
AC-serles / cepaenes

produced by the reaction of 1 and excess propanesulfenic
acid as expected. Also, another type of inhibitor could
not be detected from this reaction mixture.

Model Reaction of S-1-Propenyl- and S-Methyl-L-
cysteine Sulfoxides Induced by CS-Lyase. As addi-
tional model experiments of onion and rakkyo, the reaction
of synthesized S-cis-1-propenyl- and S-methyl-1-L-cys-
teine sulfoxides with the crude enzyme prepared from
onion was carried out. The reaction products extracted
with CHCl; were directly analyzed by HPLC (Figure 3).
Although the products 4a,b could not be obtained in good
yield, it was almost certain that they were formed by the
reaction of 1-propenesulfenic acid and methanesulfenic
acid. As a possible reason for their low yield, it was
suggested that the precursor of the lachrymatory factor
(LF, 1) of onion was generated from the trans form of
S-1-propenyl-L-cysteine sulfoxide but the synthesized
compounds were almost always its cis form (cis/trans =
95/5 molar ratio determined by 13C NMR). The principal
component of the onion LF was determined to be the cis
form of thiopropanal S-oxide (1) (Block et al., 1979). It is
not clear how cis-1-propenesulfenic acid can be converted
to cis- or trans-thiopropanal S-oxide and how thereactivity
of trans-thiopropanal S-oxide with alkanesulfenic acid is
different from that of the cis isomer.

Proposed Scheme for Formation of Inhibitors of
Platelet Aggregation by Reaction of Thiopropanal
S-Oxide and Alkanesulfenic Acids. From all of the
results previously mentioned, we propose the formation
scheme for inhibitors of platelet aggregation isolated from
the mixture of onion and rakkyo or alkanesulfenic acids
(Scheme I). By the action of CS-lyase, trans-1-propene-
sulfenic acid was produced and converted to the tautomer,
thiopropanal S-oxide (1). The “carbophilic” mode of
addition of 1-propene- or alkanesulfenic acid to 1 would
generate a possible intermediate, a-[alk(en)ylsulfinyl] pro-
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Figure 4. HPLC chromatograms of the extracts of onion plus
ACS (A) and onion plus garlic (B). The analytical conditions
were identical to those described in Figure 2A.

panesulfenic acid. The further reaction of this interme-
diate and another sulfenic acid would lead to inhibitors
of platelet aggregation such as the AC series and cepaenes
(Morimitsu and Kawakishi, 1990; Block and Bayer, 1990).
Similarly, the carbophilic additions of a sulfenic acid to
an olefin, sulfine, or thione were reported (Block and
O’Connor, 1974; Yagami et al., 1980; Block and Aslam,
1985). It is worth noting that almost all of the potent
inhibitors of platelet aggregation generated from 1 and
alkanesulfenic acids were only a-sulfinyl disulfides. In
other words, a-sulfinyl disulfide was the principal inhibitor
derived from the reaction mixture of thiopropanal S-oxide
and alkanesulfenic acid in onion.

Inhibitors Isolated from the Mixture of Onion and
Garlic or S-Allyl-L-cysteine Sulfoxide (ACS). The
inhibitory activity for platelet aggregation of the mixture
of onion and garlic was significantly stronger than that of
onion or garlic only (Table I). These data suggested that
new inhibitors might be generated from this reaction
mixture. HPLC chromatograms of both mixtures of onion
and garlic or ACS were complicated and did not agree
perfectly (Figure 4). The isolation of inhibitors was done
from the mixture of onion and ACS (Figure 4A). Allylthi-
osulfinate (14) derived from 2-propenesulfenic acid was
detected in the mixture. Inhibitors of platelet aggregation
were isolated and identified as trans-6-ethyl-4,5,7-trithia-
1,8-decadiene 7-S-oxide (15), trans-4,5,9-trithiadodeca-
1,6,11-triene 9-S-oxide (16), and cis-4,5,9-trithiadodeca-
1,6,11-triene 9-S-oxide (17). Compound 15 was analogous
to cepaenes, but its yields were so small that its diaste-
reoisomers could not be detected. Compounds 16 and 17
[(E/Z)-ajoene] were produced by the reaction of allylthi-
osulfinate and 2-propenesulfenic acid (Block et al., 1986).
Total activities of these isolated compounds did not
correspond to the increase in inhibitory activity for platelet
aggregation of the mixture of onion and garlic. Only
compound 15 was one of the reaction products of thio-
propanol S-oxide and 2-propenesulfenic acid; moreover,
15 was one of the antithrombotic a-sulfinyl disulfides. Since
our data on product analyses of onion and garlic are not
sufficient to account for increasing inhibitory activity,
further research on other inhibitors generated in the
reaction mixture of thiopropanal S-oxide and 2-prop-
enesulfenic acid will have to be done.

Antithrombotic Activity of Isolated Compounds.
Isolated thiosulfinates, except methanethiosulfinate (2),
possessed moderate activities: 10 ug each of 3, 8, and 14
inhibited platelet aggregation at about 41%, 20%, and
14% against blank tests, respectively. Other isolated a-
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Table II. Inhibitory Effect of Isolated Compounds on
Human Platelet Aggregation

comﬁound structure inhibition{%)® ICs0 (p.M)b
0.
3 ,gsv 414 -
8 Ng‘s,\, 200
14 4\,8.54-\’/ 14.3
ArSs” 78.8 (4a) 67.6 (4a)
4a,b oS- 100 (4b) 18.4 (4b)
5 ’;";s\' 0.0
Sgas 92.8 (6a) 48.9 (6a)
6a,b ’:.é: $S 100 (6b) 11.7 (6b)
Sg= 100 (7a) 6.1 (78)
7ab XS 100 (7b) 1.4 (70)
%a ’;g;s:v 774
~ySs= 943
13a S
s 100 (128) 5.1 (12a)
12a,b f.jgj\’v 100 (12b) 3.0 (12b)
13 s 171
os~/\
15 ’;sr;s\v 214
S.sﬂ\’/ 90.7
16 E'SA 0
NGNS
17 2% ] 143

¢ The inhibition percent was determined at 10 ug of each sample
induced by collagen. ® Collagen was used as inducer. ¢ -, not deter-
mined.

sulfinyl disulfides and (E/Z)-ajoene (16, 17) were tested
for inhibitory ability of platelet aggregation (Table II).
Some of them could not have IC5, values determined
because of their small quantities. As shown in Table II,
the AC series (4a,b, 6a,b, 7a,b), cepaenes (9a, 13a), and
(Z)-ajoene (16) exhibited potent activities. The novel
homologues of the AC series and cepaenes, 12a,b, indicated
strong activity. Also, 13 and 15 showed mild activities. It
is interesting that 5, an isomer of 6a,b (IC5, = 48.9, 11.7
uM), showed less activity compared to 6a,b. The details
of the relation between structure and activity are under
consideration.

ACKNOWLEDGMENT

This study was supported in part by a grant from the
Yamazaki Spice Research and Promotion Foundation,
Tokyo, for which we are greatly appreciative.

LITERATURE CITED

Apitz-Castro, R.; Cabrera, S.; Cruz, M. R.; Ledezma, E.; Jain, M.
K. Effects of garlic extract and of three pure components
isolated from it on human platelet aggregation, arachidonate
metabolism, release reaction and platelet ultrastructure.
Thromb. Res. 1983, 32, 155-169.

Ariga, T.; Oshiba, S.; Tamada, T. Platelet aggregation inhibitor
in garlic. Lancet 1981, 150-151.

Bayer, T.; Wagner, H.; Wray, V.; Dorsch, W. Inhibitors of cyclo-
oxygenase and lipoxygenase in onions. Lancet 1988, 906.
Bayer, T.; Breu, W.; Seligmann, O.; Wray, V.; Wagner, H.
Biologically active thiosulphinates and a-sulphinyldisulphides

from Allium cepa. Phytochemistry 1989a, 28, 2373-23717.



372 J. Agric. Food Chem., Vol. 40, No. 3, 1992

Bayer, T.; Wagner, H.; Block, E.; Grisoni, S.; Zhao, S. H.; Neszme-
lyi, A. Zwiebelanes: novel biologically active 2,3-dimethyl-
5,6-dithiabicyclo[2.1.1]hexane 5-oxides from onion. J. Am.
Chem. Soc. 1989b, 111, 3085-3086.

Block, E.; Aslam, M. Serendipitous synthesis of alkyltrimeth-
ylsilyldithioformates by trapping of bis(trimethylsilyl)thione
with alkanesulfenic acids. Synthesis of bis- and tris(trime-
thylsilyl)methanethiols. Tetrahedron Lett. 1985, 26, 2259-
2262,

Block, E.; Bayer, T. (Z,Z)-d,l-2,3-Dimethyl-1,4-butanedithial S,S’-
dioxide: a novel biologically active organosulfur compound
from onion. Formation of vic-disulfoxides in onion extracts.
J. Am. Chem. Soc. 1990, 112, 4584—4585.

Block, E.; O’Connor, J. The chemistry of alkyl thiosulfinate esters.
VII. Mechanistic studies and synthetic applications. J. Am.
Chem. Soc. 1974, 96, 3929-3944.

Block, E.; Penn, R. E.; Revelle, L. K. Structure and origin of the
onion lachrymatory factor. A microwavestudy. J.Am.Chem.
Soc. 1979, 101, 2200-2201.

Block, E.; Ahmad, S.; Jain, M. K.; Crecely, R. W.; Apitz-Castro,
R.; Cruz, M. R. (E,Z)-Ajoene: a potent antithrombotic agent
from garlic. J. Am. Chem. Soc. 1984, 106, 8295-8296.

Block, E.; Ahmad, S.; Catalfamo, J. L.; Jain, M. K.; Apitz-Castro,
R. Antithrombotic organosulfur compounds from garlic:

Morimitsu et al.

structural, mechanistic and synthetic studies. J. Am. Chem.
Soc. 1986, 108, 7045-7055.

Freeman, G. G.; Whenham, R. J. The use of synthetic (£)-S-1-
propyl-L-cysteine sulphoxide and of alliinase preparations in
studies of flavour changes resulting from processing of onion
(Allium cepa L.). J. Sci. Food Agric. 1975, 26, 1333-13486.

Kawakishi, S.; Morimitsu, Y. New Inhibitor of platelet aggregation
in onion oil. Lancet 1988, 330.

Lancaster, J. E.; Kelly, K. E. Quantitative analysis of the S-
alk(en)yl-L-cysteine sulphoxides in onion (Allium cepa L.).
J. Sci. Food Agric. 1983, 34, 1229-1235.

Morimitsu, Y.; Kawakishi, S. Inhibitors of platelet aggregation
from onion. Phytochemistry 1990, 29, 3435-3439.

Schwimmer, S.; Mazelis, M. Characterization of alliinase of Al-
lium cepa (onion). Arch.Biochem. Biophys. 1963, 100,66-73.

Synge, R. L. M.; Wood, J. C. (+)-(S-methyl-L-cysteine S-oxide)
in cabbage. Biochem. J. 1956, 64, 252-259,

Yagami, M.; Kawakishi, S.; Namiki, M. Identification of inter-
mediates in the formation of onion flavor. Agric. Biol. Chem.
1980, 44, 2533-2538.

Received for review September 26, 1991. Accepted December
16, 1991,



