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Biological Functions of Organosulfur Compounds in Allium Vegetables

Hyun-Jung Kim and Hyang-Sook Chun'

Korea Food Research Institute, Sungnam 463-420, Korea

Abstract

This review contains a discussion of the physioclogical activity of the components of Allium vegetables.
Organosulfur compounds in Allium vegetables, such as ajoene, diallyl sulfides and S-allylcysteine, have
cancer preventive activity in chemically induced animal cancer models. They also have inhibitory effects
on proliferation of cancer cells in vitro. Allium vegetables have lipid- and cholesterol-lowering effect, and
platelet aggregation inhibitory activity that help the prevention of cardiovascular diseases. Sulfur con—
taining compounds, especially allicin and ajoene, have antimicrobial activities against gram negative, positive
bacteria and fungi. Moreover, Allium organosulfur compounds such as S-allylcysteine showed reducing
effects on the senescence related symptoms including cognition. Allium organosulfur compounds have
significant importance in food industry as both biologically active ingredients and savory.

Key words: Allium vegetable, cancer prevention, lipid- and cholesterol-lowering effect, platelet aggregation
inhibitory activity, antimicrobial activity
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Allium& 2 &2 Ae)H §-8A o T $=)vizte] o
FANE vhs W JuE FAT 0T FA(18-
23), ksl #4(24,25), A % (26), HAE 2212
43(19,27,28), stediv} #41(29,30), S FA o Bzl 7154
3bAH8-(31) Bol HEE 2 9} e Ao g n}
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ol & A7t Aok Ao YL ALz /)Y
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(garlic, Allium sativum L.), %=} onion, Allium cepa .),
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H-3(leek, Allium ampeloprasum L. var. porrum), scal-
lion(Allium fistulosumy), shallot(Allium asalonicum auct.),



Allium % A& o) 443

ok vb=(Allium ursinum), chive(Allium schoenoprasum
L)), = chive(Allium tuberosum L.) 9] 31o}(2). 2}
F(species)mte} A3l 359 49 £F+& ohE2x
W A R )3 Ee) 2R e R &R 8}
Allicin(ally] 2-propenethiosulfinate)$] 7-$- vl5oll = F
2] 0.36~0.53% AL glom, B3k 0.12% =435}
o &gk Aol QAT 022 F7LR] Fofi vk TkE o
ZA 82 = erh(32). Allium A& A A o B 9le
i3 fr1E R 57 AdA <l A e as) oy
7HA el shE el ddl o] ek g A 8
A E A A3 folsgt ] AN S RS E AL
2 48 A QJeh2). 2L F Table 1014 2} Zo] 3340 7]
314E2¢l disulfide -2 ol 2 o] A58 o, i) 3}
o] FEAHE EAsly vt 2 ool olrt gl
o] eh(33). B FAH A Alliumds Al Fol| TEA O
EAs= dxAdQ 43 #7132 (Fig. Do) o A
24 o g7t sl dugsisich otee] i
SHAA Ao 7] AL RA 23 hpzte G
24 94 x39E 24 5 2 A e 7154 dist
o mAsg )
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AEE o] 43l Alx9] 138 e ML &9
A5 0)-8-F A E2] A B (chemotheraphy)$}= A

8 e g o AR g oz, AR mE Fakl
& UgoE sel B4o] gl A e} 2AL o] 4
sjof A L] 3hhE Haleh 54814 kel (cancer

CHp=CH-CH,-S-CH;-CH=CH,
diallyl sulfide

CHo=CH-CH-S-S-CH.-CH=CHz
diallyl disulfide

CHy=CH-CHz-S0-CH;-CH=CH: CH.=CH-CH2-SO-S-CHy-CH=CH;
diallyl sulfone allicin

CHp=CH-CHz-$-5-S-CHz CH:=CH-CHz-S-Cys CHe=CH-CH:-S-S-Cys
allyl methy! trisulfide S-allylcysteine S-allylmercaptocysteine

CHp=CH-CH,-$-S-CH=CH-CH>-SO-CH.-CH=CH>
(E)-ajoene

Fig. 1. Structure of biologically active organosulfur com—
pounds in Allium vegetables.

Table 1. Volatile disulfur compounds in Allium species(33)
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chemoprevention)ell %3+c}(34,35). t 52 1kl
& ek B (procarcinogen) ] 3 e 2 &)1,
AHA 2 & 38k gAdo] ul-$- <kl A DNASH 24 24
2] Faht, At Aol oo
7+e] o] £ A} & 47 (xenobiotics metabolizing enzy-
mes)2] 2H4-& wro} steha] wb-g-Ad o) vt wigkAl o] 718l
2| & kel d)A} B (ultimate electrophilic and carci-
nogenic metabolite) 2 4 3}5lo] B A E2] DNAE
Ztell &8 574 €t o] w &A% DNAZ} 485 %]
R 7S Eoddo]l & Yo7l DNAZF AlZ -3 214 o
A BA = AFAZF FAEZ F A FohE6). ¢
A A2 FAA FEel A W Aol g A
oA, oF 31 dA g At e® z =] 93k oF xl 8
A 5 oA R so] gich dubA e g o A 213
A EAEL o] Fo] AxtE veuli= b i A
me} A e 49 f‘“&“’]‘/} EFFE AdAslE B4,
HEW 52532 wk-$-2 oA 3} blocking agent, 2
HEAo =25 A E7} A4 E(neoplasia) & et
-8 A 3l suppressing agent® v ©}(34,35,37).
Blocking agentell = (a) cytochrome P-450 &42] <4
4, (b) cytochrome p-450 49 F =4, (c) 3| 52H&
o #e48l= phase Il A4 FEA|, (D) YEEAY FHE
AR AF ALE A A A, (e) DNA repair =4 S-o)
21t} Suppressing agent® ™ E4 Q) 72 polyaminet)
Ab A EA, oA Erff““ Al EA-, FF 43 on-
cogene) ‘”34 e} &2 protein kinase C ¢ &3, 43}
Z DNA <4 oA 4 o] d=x leh(3537).
FEARIES T 2 ojge]ololA] AAH FetzAA
= floh-go] 2 Al A v,
Alliums: 2 &2 AH7} g5
3] Zase Aoz sty 9deh3,33). 91 dA el
G T A F nitrite s =7} P AT
A A8 ZFastel 2w o]zle] 2k el F A]le]
= o2 A7FE(39). o)# §F G gFA A S v R
gt Allium®: A1 E-9] 3} 28w < oju) 2hg-ol] T3k
A7 AZF 2l 4 F-E 2o chekstA A=
ek Allium® 229 of oW 2H8-2] EA= 73 &
713H B2 s v Exlpzd upal 64, 34

Mo

o Ee,REY F 72

, scallion, &= chive &

APl d

. Volatile”
Species 1 2 3 4 5 6 7
A. sativum L. <10% <10% 409> <10% <10% 40%>
A. cepa L. cv Southport 10~40%  10~40% 409> <10%
A. fistulosum 10~40%  10~40% 409> <10% <10%
A. ursinum 40%> <10% 10~40% <10% <10% 10~40%
A. tuberosum L. Rott. ex Spreng 10~40%  10~40% 40%> <10% 10~40%

Wolatile: 1=dimethyl disulfide. 2~methyl propyl disulfide. 3=methy] (2-propenyl) disulfide. 4=dipropy] disulfide. 5=2-propenyt
propyl disulfide. 6=di(2-propeny!) sulfide. 7=di(2-propeny}l) disulfide.
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Allium& 73 F713 4 EL GAEE o] 4T M E
F 24 tAE 2} 24w FA oA AL
etk & 244 53 F¢E5 ajoene> FUA Y
3R] ¥ ZE(tumorigenic lymphoid cell line)ol| sl A Z3]
ALEA] S Lhell o] ECse-2 12 iMe|tH(4). vt /-3
#7185 F 854 A& 4% S-allylmercapto-
cysteine® 2| -€4 AEZF diallyl sulfide ¥ diallyl disul-
fidex= A% A 9+ A Z (prostate carcinoma cells)®] A5&
AA st Ao Hasx ehG). £ 942 T7 &
43 713 E 58 A E RG] A3 apoptosisel 2
3 A7 G- At A E(HCT-159] Al A2 A% ).
=3 diallyl disulfides Al Z3-d o] FoJ ke T4l p34™?
9} cdc25C phosphatase2] 23l -& o 4| kel (40). 3+ S-
allyleysteine 2 diallyl sulfide 5 /3 {713t
2)3 917t ds}-F(human lymphocyte)oll 4 benzolalpyrene
3} DNA9] adductdAde] #ase 22 d3A o
41). B4 -3 71338 Bk o2t Alliums A E
Z g 3250 JAAE AUAEA9) 2 AGAE
(28)8] AJSo] A= v}

B3 571332 9 FER DM oF o 2}
28 Table 20| & 2Fgk u}e} 2}, Liu 5(6)2 vt 232
& FAgogzxn oA 712-dimethylbenzlalanthra-
ceneoll 93 25 = §ulE ok (mammary tumor)o] 7t
A5k 3wtz 9ok vHe B 2 ole} Alli-
umé A1 52} 2|44 F4 Al #<l diallyl sulfide ¥ diallyl
disulfide®] 7% choFgh whetdel el b ol 2pgo] ¥
32 3 g e}, # o)A 1,2-dimethylhydrazine > 2 -2 4]
71 AAFel o 7kokel b gol diallyl sulfideol| 23] 7
= ¢ th(7). Diallyl disulfide # ol 4] N-nitrosodiethyl-
aminedl| 93] 4% =¥ (pulmonary tumor)$] LAY
< AA A 7]9, diallyl disulfide®] A HARRFE allyl
mercaptan® 9+¢] WA JASE Zl o2 HaF I 9]
th(g). Bt o}iie} diallyl sulfided FI3 F oA A=
+& FEATE N-nitrosomethylbenzylamineol| €3t <+
ubAo] §-214 0 2 74459l o} (42). Sparnins 5 benzo
lalpyrene® 2 4ukx) 7] A 9] Hforestomach tumor)Z}

A =

=
¥

- AYE

o A & (pulmonary adenoma)e] #+& 2 k3t f-= i
3 g EL FAT AR A o2 FAaHAR S
B 1349 tH(43,45).

Allium% A8 frall 53 §71313H5o] o] ety
of 218 o} WAL A e AL FEH R ok EA
W g F oA 7] 9] o] Z3 Al A4 o] EAL Wt
2A7)7) ) Foletir A7+E ) @ phytochemical 52
o}sio) shsbd w848 Z7}A7)+& phase I thAF B4
2 uh-e-Ao] 271 A Eol AR ) AN EALE A7
sto] A9l 2 wid-& 4o} 3l phase Il A4 A4S
2AF o 2 of whAle] 332 v XA H}(6,89,43/45,
46, 353 5713822 F 2 853t 2471E induction
wE activationAl 717411H6,9,43,45-48) *Hkd o] HabA
A S At FIFAeE AW ExExetY 2
o AR = of ol 2H§-& epdh(6,49-51). &
3 718 Bl 93 9JalA ZA djabe] Wiste o
71R AgA A2 e |- E 5 vk Table 39 A2l &
ute} zto] 53 473 B2 o A A A}
#H FZad s A=A F5 wme A3HE-S et
Wrt, €2 29§53 f7133El 28 cytochrome
P450 superfamily % 2B1, 3A9] &4 F7}skA] 4 2E1
L A=A R BT ovh(51,52). HEA A Ti
3} 4-7]3 g5 < diallyl sulfidedll 2] & cytochrome P450
2B1/22] 84 %7} cytochrome P450 2B1/ 2 mRNA§HA
A7} Z7VE = transcriptional activationel] ]38 in-
duction ¥+ A2 AA"CH5E3). 28t 2L diallyl
sulfidesl] ¢ &1 4] cytochrome P450 2E19] &4 & 74
o] cytochrome P450 2E1 mRNA2} ¢fo] wist=#] o4&
ZA 0.2 Ho} transcriptiond Afsle] 2AHA &= A #
)= 931t}H4753,54). Diallyl sulfidet= in vitrooll A cyto-
chrome P450 2E12} 8418 AA# o2 A&gct AW
of| A diallyl sulfidet diallyl sulfoxide® A A diallyl su-
lfone 2 & tJAFH % suicide inhibitor 2 2}4-3}¢ cyto-
chrome P450 2E1E ¥|7}g 4 2.2 A 88 [Cs 0.11
mMZ &2 A gieH51,55). Table 3¢+ HFebl 2] 959k~
uk ebEbE AlE mE 9] e Al ek EAss o
4] whakE Bh3h 2 (polycyclic aromatic hydrocarbon)#]
AL 843 3}ell Fed st cytochrome P450 1A2] 749

Table 2. Chemoprevention of organosulfur compounds in Allium vegetables

Carcinogen

Active sulfur chemical

Animal model References

7,12-Dimethylbenz[alanthracene
1,2-Dimethylhydrazine
N-Nitrosodiethylamine

Garlic powder
Diallyl sulfide
Diallyl disulfide
(Allyl mercaptan)
N-Nitrosomethylbenzylamine Diallyl sulfide
Benzolalpyrene
Aflatoxin B Diallyl sulfide

Diallyl disulfide

Allyl methyl trisulfide

Liu et al., 1992(6)
Hayes et al., 1987(7)
Wattenberg et al., 1989(8)

Rat (Sprague-Dawley)
Rat (Fisher 344)
Mouse (A/])

Wargovich et al., 1988(42)
Sparnins et al., 1986(43)
Mignard et al., 1996(44)

Rat (Sprague-Dawley)
Mouse (A/])
Rat (SPF wistar)
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Table 3. Modulation of xenobiotics metabolism by organosulfur compounds in Allium vegetables

Mode of action Animal model Reference
Phase I enzymes
CYP 2E1 Inactivation Rat Brady et al.,, 1991(51)
CYP 2B1 Induction
CYP 3A Induction Rat Dragnev et al.,, 1995(52)
Phase II enzymes
Glutathione S-transferase Induction Mouse Liu et al., 1992(6)
Sparnins et al., 1986(43)
DT-diaphorase Induction Mouse Benson et al., 1986(48)
(Quinone oxidoreductase) Induction Rat Dragnev et al.,, 1995(52)
Adduct formation
DNA Inhibition Mouse Liu et al., 1992(6)
Inhibition Human Wargovich et al., 1988(42)
lymphocyte Hageman et al., 1997(41)

£ £7H52) = 24 (55,56)3 vt AbEl A A st
Raga gle] oldl g ¥-2 dAFrt F8sjet

Allium3; A1 52} 73 {713t g &2 24 229
&) =-3}el| T s ) 549 49l glutathione S-trans-
ferase2] A& Z7HA)7) v A2 Del A 31vh(3,43,45-
4757). Glutathione S-transferaset %522 3% q,
N, 7 5 3EF isozyme2 2 FAF ] 9l oni47), ukg
Aol 2719 9] A Bl Al AdlEA}al glutathione
£ Aoy A2 widss dE S e e B
3.5 3 9lth(3,43,45-47). Glutathione S-transferase «
isozyme-& Al#he] oA AulH 22 vehte gluta-
thione%} benzolalpyrene?] thAHiHES] 2 3HE S o3l
H=3E 2214 7| v A0 7 5 A EA DNA ad-
ductF A& A2 A THER), 0] 9} 7o) gf llitell= x iso-
zymee] 74A 2 A st AL YR g,
54 g 53 713 E st 1 -iso-
zymeo] Awdek Zrtalvd, oF Ay b gl WA BHA 3%
L Fe A AdH}(4759,60). ARH ATAAE
2%+ 29 diallyl disulfided ¥ %& /3 F713H3
B2 uh-gAd ekl g Al 2] DNA = Wi alste] 2
& o A et blocking agent® 4% 7leAde] &
Aoz Atsdh

a2y} 7,12-dimethylbenzlalanthracene(6), 1,2-dime-
thylhydrazine(7), N—nitrosodiethylamine(8), N-nitro-
somethylbenzylamine(42), benzolalpyrene(43,45) 5
2] 717 kel g AlliumS A E Fo 73 77
31gHE-9) gbellut 7] 2tel| s = o #H & 2 glutathione
S-transferase®} 7+ phase II £42] &4 2771 8
g F38e & Ao g d4afsta 3l& #, cytochrome p450
% phase I £4:9] A 3|7} FA o eHtE =], B oW
ExAd Fx4og Agste] g g & el
Aol daf e G 2slx] on g o] gt A7} o] F
olxol & Zloz AR}

Az I oy 23

vteg B 27 Allium& HE-S AR AL v

st Acg nuHz gled, ole 2A ¥A Ad £
(15,16), @A #30(62,63), B2 &3 # 3(62,64-70)
o 9% AAZ vpFelE 4 ok

FAFE = A A g )] 81l 6mg A =2 ajoene
= dithiins& Z3 38l vhs-f(garlic oil)E 310 58 A
23t A9 PF A Agteko] ZA) FA SN, AR &
A7} 35% 7tk om] & Al 4e] 45%7} $ 2 (pla-
cebo) & AT Ao 4 AR e,
oh5§ 900mg# WA 12g& 2 EH 2 EE #AloA &
= A7 ohe T @A R EAE v,
B AFAH vpES ARTS F FU~69E, LDL
ZY~HE, $Z¥2H8/HDL 2 LDL/HDL®] )7} 23
2% abd A AT A5 triglyceride(TG)&
Zraxslhgl o} LDL E¥ 28 Bo] 7t At 23 vk
frol A2 23 o7 AF T 79 & F92HE LDL
ZYHE, TGY A3t ®3t ohzl SF# = E/HDL
% LDL/HDL®] v % Raste] E3tizr) glg-o] AlA}
2 th(72). o1el g vk 4 by A RSl o3 A A
o] A &L JAAYS TP o8] APndL o] &
g o TSl A % dAEE A2 ehdth(73-78). Alli-
um& Al &l 23 dF FHAHE Aste TH-F {7
33t5o] o) dA A Zelze B Agd FH & A
#5lr) WFo g R} F allicine Sl HE 34
Z7)2A 2] acetyl-CoA synthetase & A 8 8} 1(79), di-
allyl disulfide®] #-$ 222 A9 S33Q AL
el 3-hydroxy-3-methylglutaryl CoA reductase(HMG-
CoA reductase)d ¥l7ld 422 27 A
2 2 AH1580-82). #9 G TAE md&
o] 8-3F A& ol A allicin, diallyl disulfide, allyl mercaptan
=9 g3 7] 33E-S HMG-CoA reductase®] #
s Bt olu2} lanosterols) £4-% 244w AR
viebt A3HAl 371547419 lanosterol 14a-demethylase
o] Aol E Tzt Ao 2 Balck(1s). bl A
8] E 7-a-hydroxylase % ¥ 2H| & acyltransferase &
o] rlE 258 = T3 f7l L EF A& vk
shubel 2] %) o (81), fatty acid synthetasex= * &l = o]
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2} triacylglycerol®] A3} 37} Jepdolz R uE 3
S1tH82). T3} ajoene A o] A|HFe] A43}9} Frol e
3} sulfhydryl enzyme®! human gastric lipase(HGL)
£ 843 ghol(83). 9, EAstEe] uhy gl =9
o] #A3l= A7 81 F *}i’fﬂ LDL2} H]Zo] HA
*olx 3 gledl, ulE 528 Y S-allylcysteine(SAC)
S AN £ g iz, Al E P85 St g
F4abs} A A 2| %2 whR] Sl 2 s 4kshgl LDLY 2 )
o718 ¢ Sl AN ZHE BEdtes TS 3% h(84).
T3 uls 2 F Y SAC 52 A E A A ste] vy 3}
HA#H A o] & oxygen free radicale E7A 02 478}
o (85), Cu” 2 #EA171 LDLS] 41318 4-3-o&do e
2 8 3} 51 TH(86).

Mg SAAL2 Aot whe] ]2t g g
3]-1]!11- AR A AL Fu FAHPA L of
ZEEe] st & 89l
o] Eth(@7). BAaA-2 A4 <l Aol A o] gl
v, @h3 o] 4" A9 H g o] &3k collagen
fibril3} & A # A (platelet storage granules) 2 25
B el ADP, 53 2H-8-<l 93] A4 == thrombin ¥
o] o3 3 =] 2] % c}(88-96). Thrombin A E1)
Cagxe Zrhet Fawte] Jeust 2 3, Fow A
A+l (platelet storage granules) S 21 €] &) B4 ¥v] &
< o}7]13H(89,90). Prostaglandin Lo 2l& Z71=)
cAMP-+ thrombin 53 22 &3040 A}l 23 €40 &
A 32 A 8}A] 9H89), collagendl] 27 H 3k B3}
= Az cAMPl"-Eﬂ- Z7} st & o A A ol col-
lagen® "% B3 Ca”'] o)% phosphatidic acid
(PA)E A 5o} 245 h(91). Thrombin % collagen®]
o)+ 433t 29 ADP, ATP, Ca™,
brinogen, platelet-defined growth factor(PDGF) % B-
thromboglobulin 5-& #3]3tH88,89). r=3F A E =] <l
7 2 ¥-¥] arachidonic acid A& FETL2H, TF
A2 2 £ cyclooxygenaseel| 2] & thromboxane Ax(TXAz)
29 H3l3) platelet-activating factord] A& =43
t}H(87,92). =¥ ADPE Ca”' 9] #913 AZY o] 5L &
A A ¥gk ol 2H(92-94), adenyl cyclase &A1& A 5)
sl AlEZY cAMPFEE A 224 v A4A
Ao S HEeeh(9596).

ol21gt dH o] Fw 3] Lol 3 wHEt 43t
S M 27 Allium%: A E9) A& &3 1970 o e ok
214 9l 1 ajoene, adenosine, allicin, alliin, polysulfide&,
vinyl dithiins 5°] 4 £ A2 B8 3 9loh62,64-69).
Allium& 29 3552 FF2E £ £33 AH-
A& o Do &g JAEA <) 9lom, Table 4¢l| v}el
W ule} o] B3] ok} wvhgg E3Ele] AE-8l4 S
o 53] oA FAjo] A A LFE B IEI GIHIT).
s FEE8 3% 0.25mg/kegd 477 AHAZ S o

N
o
£«
>,
1 o
o o
:1;
u>_'.
o, 1
i
2
offt
J!‘iz
rL

serotonin, fi-

4

Table 4. Inhibitory effect of mixtures of Allium species
on human platelet aggregation(97)

Inhibition (%)

Extract

20p0g 10ng
Onion 29 -
Rakkyo 0 -
Garlic 100 57
Onion plus rakkyo 79 11
Onion plus garlic 100 100
Garlic plus rakkyo 100 52

ADPl] 98 fut5EE "4 23lo] 2A FAaHRed
F5 A EA L ajoene ¥ dithiins 22 Y2+ THI8). Al-
lium& A1 &9 g4 23 &3 JA £44 ajoene
2 5-lipoxygenase®} cyclooxygenase #41-8 | 3f 3}
TXA29] AL JAISl= A2 RuH T 9)2r [Cy2
Z}7} 1.6 iM=} 5.1 uMe] ©}4(99,100). =3} ajoene> E 4
FE9 9] fibrinogen binding receptor?! GPIIb/1la receptor
2} " A 2] von Willebrand factor(vwi)2] A& o
Alste] g P4 528 A0, &
ajoene®] A 53 oA 717 granule release ¥ A
¢} fibrinogen binding A X o2 QoFst <= giv}. 1

o] el FA 4o Yo &S Fu(102), &
3 &4 5}o] A2 E hemoprotein® F2F W3 AA

a3 A EAE et ‘ﬂi-?‘@-"%i RE 9]
t}(103). Ajoene F-lA & (z)-ajoene®] - HA-& 11}
W allyl cysteine Alg 313HE 2 cepaenes 5% 73
Y2 53 AsigAde] slh(Table 5). ¢l & 3532
2 B2 el disulfide A 3te] Q1A 1L, trans-5-ethyl-4,
6,7-trithia-2-octene-4-S-oxide$} ©]A Al trans-3-
ethyl-2,4,5-trithia—6-octene-2-S-oxide2} Z+o] #-AFgH
T25 A #H3HEY Al dde 2 Aelrt e
B2 853 33184 ¢ F a3k Btz dig vz}
A A7 279,
In vitrodl A allicin< calcium®] |52 A%} g
S-S Al o2 Haus 2 g]o, ajoene
= ‘%E] cyclooxygenase, thromboxane synthase@A =
= cyclic AMP 5l 43S FX e Aoz g
= 1}(104). Allicin 2] cysteine =& &4 285 cy-
steine®] SH group® ¥H-$-3le] S-(allylthio)cysteines
Atz Al el et = AlliumE A £ A2A
F.3}e] tf 3-Fo] S—(allylthio)cysteineel] 2]&F A e 2 A
zFRe}(105). ©] £ 7 —glutamyl-S-alkylcysteines+= 3
9}z hormone’! angiotensin(I) converting enzyme
(ACE)E A&l $(106) Allium< A £-2 vjekst =24
228 Aot A FHAZ g Y B3 E A
A=

b}

(=2
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Table 5. Inhibitory effect of isolated compounds on human platelet aggregation(97)

Compounds Inhibition(%) 1Cs0(uM)
Methyl cis/trans-1-propenethiosulfinate 41.4 -
Propyl thiosulfinate 20.0 -
Allylthiosulfinate 14.3 -
3-Ethyl-2,4,5-trithiahexane-2-S-oxide 78.8/100 67.6/18.4
trans-5-Ethyl-4,6,7-trithia-2-octene-4-S-oxide 0.0 -
trans-3-Ethyl-2,4,5-trithia-6-octene~2-S-oxide 92.8/100 489/11.7
cis—3-Ethyl-2,4,5-trithia-6-octene-2-S—oxide 100/100 6.1/1.4
trans—5-Ethyl-4,6,7-trithia-2-decene-4-S-oxide 77.1 -
cis-5-Ethyl-4,6,7-trithiadecane-4-5-oxide 94.3 -
6-Ethyl-45,7-trithia-2-decene-7-S-oxide 100/100 5.1/3.0
cis/trans~-5-Ethyl-4,6,7-trithiadecane-4-S-oxide 17.1 -
trans—6-Ethyl-4,5,7-trithia-1,8-decadiene-7-S—-oxide 214 -
(Z)-Aoene 90.7 -
(E)-Ajoene 14.3 -

A v zeleo} & AW X Ffo R vieg vl R3 Al-
liums A &0 de] ARSHATHI2). AlliumE A& F
uhg-& A F(10,11,107-111), F35](12,13,112-115), #}
o121 2:(14,116)¢l that AR A ZHge] gle Ao o
HA et vhE 222 4% FEE HE 39S 9 Es-
cherichia coli, Shigella dysenteriae, Salmonella typhi,
Staphylococcus aureus2} -5 A 3] = A c1107). Sta-
phylococcus aureuss ©bg F2Eo & 7HpAdo] E
colifrh & A2 ¥ uEUt(117). vh=e +84 F
£%2 Condida albicans®] A5& A s LRAE
o o] F2E WA E AR dHA g, AR
Aol WAl 49 SHZ|E AEAA 848 28
A3t A7l AF m AL RS AAstE A eE A
HAoh(118). =3 3 FEEFL 4% FZolA Shigella
dysenteriae, Salmonella typhi, Staphylococcus aureus
o] A-8-2 A5+ 2™ Escherichia colidl a4} ok
g A8 A FAL e QI ohL07). S EEE T
S-methylcysteine sulphoxide®} S-n-propylcysteine sul~
phoxideZ} &1 A& 2449 FA4 o2 s A IeH107).
w50 43 7138 EF allicin®] P EZA
o A= 22 A7 A= 2 9let Allicing- Escher-
ichia coli, Listeria monocytogenes, Salmonella typhi,
Staphylococcus aureus 52 94 1A E2) A5E o
AsHe A2 ¥ wEw gleh(119). UHbAH 0 2 gram %
A& gram A1 T 2t} allicinel] S HAdo] 2 71
o2 4w A 9l oh(120). Allicin- 30.9ug/mlell 4 Asper-
gillus nigers] %% 95% A slslsl on 2T 2 A}4-
& 5-fluorocytosine2 5.0ug/mlell A 95% A-5-2 A s}
Aek(121). Allicing] =B & &4 9 71322+ thio-
sulfinate?| 7} SH7| ol Ao 24 Al LAt A 3 =
of A5 A x| Afol A Ee AR A7 ch122).
b5 A 2] 84 FR-3 58E2 ajoene?] 3
T3Hg-o dairxe BaE sz 91r}(122,123). Table 691
vhebd wle} 2Ho] ajoened 5~20ug/mldll A gram ¥4

Tl g AeA N A o] sl e gram AT A
8 A1 = 100~ 160ug/mioll Al A-§-0] A si= et Candida
albicans 52 2= 20ug/ml v 7Ee] FEelA] A o]
A=) 9l o} =k 300ug/ml 014+ FEo A= Fx]7]9
u] A Eol] oAb akg-0] 9l ch(123). 7L #Jell = ajoene
L& AFE Fgo] Al oA z2hg-o] gl.om 20ng/mld ¥
T oA Aspergillus niger, Fusarium%-2] A #-2 # 3
3= Ao g ®BuEw 9loh(121). Ajoene 16.61g/milell
A Aspergillus nigere] A58 95% J A5}l o=
o 272 A}8-3} 5-fluorocytosine?] 5.0pg/mix i ¥
2 =T oA Fgo) o] W8-S A& A v 5L FFo]
A& A Ae] 73g EAolrh(121). Ajoenes 20ug/
mlEE2 28| slod a) kgt Aspergillus nigeroll A& ¢
Ate] 39 727 Wksta A2 T g P
gk ol Az WRTF27F S 5 st Es
7} FAH ) Fig. 24 AE AA 2= A 2A
o Uxyl ey, FAE Az o B8 Kol gl
o A £} Al Erto] WatEle] 9li= b, ajoeneA 2] of
olsle] AlEH o] FAVF sty AEre] AEgosw
Fel golx vl on] A Eo P oly|gl FFL FA
el A2 MY A& #HST 5 glvh12]). o] 24
ajoene® 2H4- 7]2h2 o}A B-3-w3hA| vk o} & 3 53%o]
A A2} FALSHA AT o] 2Hgshe Z 02 A TH(114,
124). Ajoene?)] disulfide A& e cysteineo] A g3l &
ol 2AEE A2 E] shd8A ol disulfided el
ZF2F S st Aoz LA rH(123). 2 ol = di-
allyl trisulfides &3] Al 9] F3of &5 v 3
TZAe] 9l Aoz deA oot Allicin® e ZA4o]
x| vt ofs} & FollA] 27 = & methyl methanethio-
sulfinate, propy! propanethiosulfinate®} thiosulfinates
= ge|AE FAeol Qe AR B Jr(125).

=35l oA 2 24
S-Allylcysteine2 3233}
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Table 6. Minimal inhibitory concentrations(MIC) and minimal microbicidal concentrations(MMC) of ajoene for micro-

organisms(123)
. ) MIC(pg/ml) on medium
Microorganisms Liquid Solid MMC(ng/ml)
Gram-positive bacteria
Bacillus cereus 4*+14 510 300
Bacillus subtilis 414 5+0 =500
Staphylococcus aureus 16£2.2 200 400
Mycobacterium smegmatis 4+14 1327 >500
Mycobacterium phlei 14£55 13+27 >500
Micrococcus luteus 136+89 160x0 =500
Lactobacillus plantarum 1922 ND ND
Streptococcus sp. 56£5.5 76189 >500
Streptococcus griseus 4+14 5%0 >500
Gram-negative bacteria
Escherichia coli 116%£89 152£83 400
Klebsiella pneumoniae 152+84 2000 >500
Pseudomonas aeruginosa >500 >500 >500
Xanthomonas maltophilia 118+45 136£89 >500
Yeasts
Candida albicans 13£27 18%+27 =500
Hanseniaspora valbyensis 11+£22 20%0 400
Pichia anomala 11£22 15*0 =500
Schizosaccharomyces pombe 55%2.7 10£0 300
Saccharomyces cerevisiae 12£27 17£27 300
branching & Z#13}]ch. whelA] S-allylcysteined £

Fig. 2. Transmission electron microscopic observation
of A. niger(121).
(A) A normal hyphal cell showed highly dense cyto-
plasm and was enveloped with thick cell walls(CW)
(400nm thick). Cell wall and cell membrane were tightly
attached. N, Nuclei; V, vesicle. (B) A hyphal cell treated
with ajoene(20ug/ml) showed cell enlargement. Detach-
ment of cell membrane and cell wall(CW) occurred,
and a wide space(SP) filled with amorphous material
consequently appeared. The cell wall was reduced in
thickness(to 200nm). S, Septa. Magnification, X 9,000.

2] goize] A= A Eate) X uhatkstE A 8 st A
S 2 ore{A 9]ch(4l). Munagami $(126)- 3 brain is-
chemia model & A28k A& o)l 4] S-allylcysteined F
o8 AS-, ST 5H T, 1A FAE A Fol
PAR S N -\;}7 slgdc}. o) gl S- allylcysteme«] zH-8-7]
zte Akl A str) wE FE&H3 gh
Nishiyvama $(127)< &-#-3 'ﬁ’ﬂﬂ@?? Aol 2% 4=
F22 x3&7 vp$2(SAM) A A7 £35S o
G Z7te) v Eo] Ao} o] A HE= ZE o
et 4 9Jsdotm B ot =3F S-allylcysteine2 £
o) &4 © 2 hippocampal neurond] A&§ Z axonal

mlo

& T4 f713EES B FAEY dgAst
24 9% @ sPsAo] B AR Holn o] v
A%A A77t AR

7|Et 4

obA] Abw B oteful A4 AAY A AW
9 o A E zHg o) ol = 3H5-3 F7]3EE
7]-1] el 448 Jehdth & v g9
L AAAAEHAT} gl AR deizled B4 F
B2 thiosulfinates®} cepaenese]tH(128). o1& 33HE-S
arachidonic acid @ A}+} cyclooxygenase, lipoxygenase
7] 22 A &) 5} 2 histamine ¥4] 2} leukotriene J ¥4 &
A st EErdeir ¢ 203 i 45t al
A2 F413 Lol A $ gli= 7 BA] HAE AN
th(128). B s 7 #H 5] S-allylcysteine-2 alloxan 22
D xro] ftE FHolx AeDH FAsHA AHE-ske] 7
w¥g 93lste 2hgo] glen A4 7 2] Langerhans®]
B Al XA % qlsel ¥ulE 418 -8 §rH(129).
=3 S-allylcysteined 83 43 471382 A
AFA g 7418 (sickle cell anemia)@ =t 4] &3] #aH
= @4kal deoxy-oxy cyclingell 213 LA AxHHE
A gonn A YL A3l (40).

Allium?s A1 52 thokgh Aol d g4 watohel A
Y] o] 9] 2H M E B 7Ex| A o) vk AlliumE A

o] Ao As] vh SR ke A2 AAHTE A
S-alk(en)yleysteine S-oxides7} ¥t=#] 9-& &

Mo 2L
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p
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A2 Eoizt A Aol &slA sulfoxides?t 35
o] FFA 2 & disulfides”} A4 = cH(?2). Thiosulfinates+
el & pHell 28 W& Fal=A b WA
| A Eol 2H8-3lo] S-S oAlEte AR guA gith
Thiosulfinate ¥, di- == polysulfide®, ajoene 52 A
A BA L SHY & 48l f-845 $2 A7 4
£ £} thiamine®] allithiamine©] ¥4 thiamineX. v} A
Well A F=7} w2 ch(130). =3 9 Aok e U s
A o} 9l Helicobacter pylori®] 5% AAd 24
2 Aokl dlg @l E b} 9l oh(131,132). o) 9 22 A
= Helicobacter pylori 7¥do] 1A $1d 84 £
g AAA T Qe F-F-3F oSG ES el 24
= g ook 2 vtoll E5F frIStFEES &

#z}ell gl A methotrexateoh -2 g3 oA Fo A
o}7] =] = A<= 4} (intestinal damage)ol] T3] B3 288

el E Ao g abE Qoh40).
2 o
uls 9 k2 2 3ElE Alliumss Al E-2 tlekst A
A F8A4LS A 22 T3 Fr)3Ee] 34

-84
ﬂi e A ot AlliumE A& 5% #713%

2 AZF 2l o Az FAE A =
E‘Q ol 4] ajoene, diallyl sulfide# % S-allylcysteine 5
< 7,12-dimethylbenzlalanthracene, 1,2-dimethylhy-
drazine, N-nitrosodiethylamine, N-nitrosomethylben-
zylamine 2 benzolalpyrene 5 o32] 7} #bel¢l o] ek
A AR A A A AL &S FAge R
A 3heha] gkl ol ofe fLEE o RS A g
E3 A AR ZAFLEN F ZYU2HE S5
AsAI 7o, Ao A3 A E A 94 A4 o
Al 2Hg-o] gle] A 0 F A HA A Fhel i Y &
7} glr}. Allicin, ajoene & &3 £-7])3¢E2 gram
FAE, AT 2 FFolo dal ASA 8 Lol glrh

=3} S-allylcysteine2 £33 538 478 EES =
3 B £4E Yok w} e ASE AR
o}g} ko] Allium A& 5T Frivl e #ls
24} A BN TR AL A7 Bk opzh o
G A A 7eAE A S 54 dREA 2 7H
7 s,

nr}m}i
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