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Abstract— This study examined the anti-cancer effects of diallyl sulfide(DAS) and/or diallyl disulfide(DDS),
major components of garlic oil, with the DEN-PH model in rats, by the numbers and areas per ¢m? of induced
glutathion S-transferase placental form(GST-P) positive foci and silver-stained nucleolar organizer regions(Ag-
NORs) counts per nuclei in liver as indicator. Sprague-Dawley(SD) rats were given the diethylnitrosamine(DEN,
200 mg/kg, i.p.) as initiator and 2 weeks later, in experiment I, rats were treated with DAS(200 mg/kg, i.g.)
and/or DDS(50 mg/kg, ig) for 6 weeks, respectively and concomitantly and also were given the same dose
of DAS and/or DDS prior to DEN treatment for 2 weeks, and in experiment II, rats were treated with potential
cancer promoter, 2-acetylaminofluorene (2-AAF, 20 mg/kg, ig). The DAS and/or DDS were treated prior
to 2-AAF for 8 weeks, respectively and concomitantly. Then the anti-promoting effects of DAS and/or DDS
were assessed. All rats were subjected to the two-thirds partial hepatectomy(PH) at week 3 and sacrificed
at week 8. In experiment I, DAS and/or DDS treatment only prior to DEN showed inhibition of the develop-
ment of GST-P positive foci. In experiment II, DAS and/or DDS treatment prior to 2-AAF promotion showed
obvious inhibition of the development of GST-P positive foci in numbers and areas and AgNORs counts.
In conclusion, We found DAS and/or DDS had the preventive effects on the hepatocarcinogenesis in rats
and the concomitant treatment had some additive effects compared with the each treatment and AgNORs
counts correlated well with the preneoplastic hepatic lesion.
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£ Heplle A2 FE ulErE(garlic oi)e o]F2
9l+= organosulfur compounds® 4], = 334 FF=
2 EAAQ 7 A AYASke ‘alyl’ (CH.=
CHCHy)7v} ‘methyl’ (CHy)7] o] sulfur7]o] A3}z
9l+= thioether & A2 ¢Jc}(Sparnins 5, 1988)
(Text-Fig. 1). o] n}=71832) of2} sulfur compounds2)
T &2 WE o BAEAb ) wle} o2 epd 4
AL A 60%2) diallyl disulfide(DDS), 14%2) dial-
lyl sulfide (DAS), 6%<] allyl propyl disulfide(APDS),
4~10%<] allyl methyl trisulfide(AMT)% 7.9]¢] w3k
EHE o]Fo)x ¢ltHDausch, 1990) (Text-Fig. 1).
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CHz=CH-CHz-3~CHz-CH=CHz
Diallyl sulfide
CHe=CH-CHz-5-5-CHz-CHz-CHa
Allyl propyl disufide

CH=CH-CHz-${0)-CH2-CH(NHz-COOH
Alliin

CHz=CH-CHz-5(0)-5-CHz-CH=CHz
Allicin

CHz=CH-CHz-5~5-CH>-CH=CHz
Diallyl disulfide

CHp=CH-CH2-8-5-5-CHs
Ally] methy! trisulfide

CHz=CH-CH:-5-5-CH=CH-CH;-$(0)~CH2-CH=CHz

Ajoene

Text-Fig. 1. Organosulfur compounds in garlic.

ArtE(raw garlic)®at ohzl ohkdt F& (ol
juice, powder and purified compounds)Z % 2= o]
A2 gJvKDausch, 1990). =}=¢] 9&3{ql «u} L X
Eol g B3 o3 Bd, A7 2D 4 (Focke 5, 1990),
#xd(Yoshida 5, 1987)%9t ohje), djule] e},
Adt 2 FH e 5K Chang 5, 1980)2} HojL 7,
daod-$y 94 3 g3-88)(Harenberg 5, 1988)59]
S Aol (Kamanna 5, 1982)3 A1714 5o ukRietz
% 1993)e] 4] Fglof| o]27|7lA] We dF-Fo] A
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DH 2T 9, 53 vhed FLvE e JER
2d2]Z] thioether7x2] diallyl sulfided] & B.ai7}
gt} o] diallyl sulfidex olv] 7] md-& Es) 1
hotide] QAAEUE 5 ohel(Jang &, 1991), 1,2
dimethylhydrazine(DMH)-§-=¢] AE&<HSumiyoshi £,
1990) ¢ 7rd(Hayes 5, 1987)%}, N-nitrosomethyl- be-
nzylamine(NMBA)-=2] 2] & ZoKWargovish 5, 1988),
hAl A2 Abol] 2]%F colonic nuclear toxicity(Baer £,
1989)5-¢] oJAlgeo] HuH I, cyclophosphamidef%
o] "hst vl wire] puclear aberrations(Goldberg, 1987)
T qA =ty ¥ asget

38l 7,12-dimethylbenz[ alanthracene(DMBA)-f-= &
s kel vl (Meng B, 1990) 12-O-tetradecanoyl-
phorbol-13-acetate(TPA)(Nishino -5, 1986) % benzoyl
peroxide(BPO) (Athar 5, 1990)F¢] 213 Fyel=
o] oA Ew, N-methyl-N'-nitro-nitrosoguanidine
(MNNG)el| 213+ 919 pepsinogen 1 altered pyloric gla-
nds WEE A Ho] Ruschlang 5, 1989).

9, 5o} Al A 23 A3 o] 2= nucleolar
organizer regions(AgNORs)2] 9} A E2A]% alo]d
BAPE Aol oltial HIEe], AgNORse] A%
FATE Golied olf 4% NEE JAAHL it
(Giri &, 1989; Rosa %, 1990).
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fide(DAS, Aldrich)2} diallyl disulfide(DDS, Aldrich)Z
27y i Ba-Fods F9) 2w kel fta 21 A o
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Text-Fig. 2. Design of the experiment . | DEN: A single
dose of diethylnitrosamine(200 mg/kg B.W), ip. ¥V PH: 2/3
partial hepatectomy WS( ): sacrifice numbers FEHEH : Diallyl
sulfide(DAS) 200 mg/kg B.W,, i.g, three times a week; mm| :
Diallyl disulfide(DDS) 50 mg/kg B.W. ig., three times a
week; EHW : DAS+DDS concomitantly, ig, three times a
week.
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d4& 3leichOgiso 5, 1985). GST-P <FdniAe] 49}
wH3.e zul A7) (Cambridge Instruments, Quan-
timet 520)8 o]&-3le] Azl =F dH e
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(gelatin) & 2% HEF =9l $-93 50% QAL £-H(sil-
ver nitrate solution)& 1:2 H]-&= o] =A)slgdc}
(Kaneko 5, 1991). 400w} wi&oll A o 2007 ZHA|E
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Text-Fig. 3. Design of the experiment II. | DEN: A single
dose of diethylnitrosamine(200 mg/kg B.W.), ip; ¥V PH: 2/3
partial hepatectomy; W S( ): sacrifice numbers; : Diallyl
sulfide(DAS) 200 mg/kg B.W.,, ig, three times a week; [m[m :
Diallyl disulfide(DD5) 50 mg/kg BW., ig., three times a
week; Em : DAS+DDS concomitantly, ig., three times .a
week; [T : 2-Acetylaminofluorene(AAF) 20 mg/kg B.W,, ig,
three times a week.

A3 BEAg Zauge A efa]gch
Aze| EAX 2

GST-P A4l e HAS two-tailed t-testE
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% p<0.059) 4 Duncan’s multiple range testZ 3}

o},
z o

HEHE W Zizo] AiEzH|

Al A A 2, 3, 479 747 8FF AT /2
AJE #42E vehfglekTable ). A8 IdAE A
2, 3, 47 HFo] AHAANETN A 1T ul& F
A vl fasEgickTable 1), 28l A3 1T
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Table I. Final Body Weight and Relative Liver Weight Ratio in Experiment I

Group Treatment No. of rats Final Body Final Liver Liver/Body weight

(sacrificed) weight (g) weight (g) ratio (%)

1 DEN 7 338.03+ 39.33 355+ 1.13 2.53+0.12

2 DEN — DAS 5 289.401+ 28.40* 8.64+ 1.10 2,98+ 0.15*

3 DEN — DDS 6 292.05+ 5.18* 8.88+ 0.96 3.04+ 0.28*

4 DEN — (DAS+DDS) 6 29760+ 9.92*% 8.83+ 1.11 296+ 0.29

5 DAS — DEN 7 31780+ 33.80 8.36+ 0.69 2.64+0.19

6 DDS — DEN 6 331.32+ 26.31 9.06+ 0.63 275+ 0.29

7 (DAS+DDS) = DEN 6 320.24+ 15.86 8.88+ 0.94 2.77+0.22

DEN, diethylnitrosamine; DAS, diallyl sulfide; DDS, diallyl disulfide; * Significantly different from group 1(p<0.05); Values

are expressed as mean+ S.D.

Table II. Final Body Weight and Relative Liver Weight Ratio in Experiment II

Group Treatment No. of rats Final Body Final Liver Liver/Body weight
(sacrificed) weight (g) weight (g) ratio (%)
1 Saline 6 35216+ 49.34 10.88+ 1.94 3.08+0.20
2 DEN — AAF 7 27834+ 3543 10.06+ 2.80 3.57+ 0.70
3 DEN — DAS — AAF 8 281.85+ 23.46" 919+ 1.35 3.27+ 0.50
4 DEN — DDS — AAF 7 279.06+ 10.22° 857+ 0.74 307+ 019
b DAS — DAS+DDS — AAF 8 310.28 + 33.28 9.86+ 249 3.13+0.52

DEN, diethylnitrosamine; AAF, 2-acetylaminofluorene; DAS, diallyl sulfide;DDS, diallyl disulfide; ¢ Significantly different from
group 1 (p<0.01), * Significantly different from group 1 (p<0.05), Values are expressed as mean+ SD.

Table III. Numbers and Areas of GST-P Positive Foci in Livers of SD Rats Fed Garlic in Experiment I

GST-P positive foci

Group Treatment No. of rats (sacrificed) ——
No./cm? Area (mm?/cm?)
1 DEN 7 845+ 2.02 0.79+0.21
2 DEN — DAS 5 594+ 1.26 0.53+0.12
3 DEN — DDS 6 6.13+ 1.02 0.53+0.19
4 DEN — (DAS+DDS) 6 9.12+ 3.09 0.79+ 0.29
5 DAS — DEN 7 4.79+ 1.69 044+ 0.11*
6 DDS — DEN 6 5.32+ 3.02 0.40+ 0.19*
7 (DAS+DDS) — DEN 6 5.09+2.74 0.42+0.18*

DEN, diethylnitrosamine; DAS, diallyl sulfide; DDS, diallyl disulfide; * Significantly different from group 1 (p<0.05), Values

are expressed as mean+ SD.

x| B2 ¢ N4 £ 724 (hyperplastic no-
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AALe wo] T 4 AR Al 27 vl T F
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Table IV. Numbers and Areas of GST-P Positive Foci in Livers of SD Rats Fed Garlic in Experiment II

GST-P positive foci

Group Treatment No. of rats (sacrificed) No/oa? Area (ot /om?)
1 Saline 6 0.00+ 0.00 0.00+ 0.00
2 DEN — AAF 7 42.67+ 8.34 49.98+ 12.38
3 DEN — DAS — AAF 8 29.86+ 6.67* 528+ 1.78**
4 DEN — DDS — AAF 7 3179+ 5.52* 4214+ 0.97%
5 DEN — DAS+DDS — AAF 8 2845+ 7.67* 2.394+ 1.10%+

DEN, diethylnitrosamine; AAF, 2-acetylaminofluorene; DAS, diallyl sulfide; DDS, dially] disulfide; * Significantly different from
group 2 (p<0.05) ** Significantly different from group 2 (p<0.001) ¢ Significantly different from Group 3, 4 (p<0.05) Values

are expressed as mean+ S.D.

Table V. Mean Numbers of AgNORs per Nucleus in Experi-
ment [

Group Treatment No. of rats No. of AgNORs
(sacrificed)
1 DEN 7 2.06-+ 0.38
2 DEN—DAS 5 235+ 0.35
3 DEN-—DDS 6 1.88+0.27
4 DEN — (DAS4+DDS) 6 1.82+ 0.34
5 DAS-DEN 7 2064043
6 DDS~—DEN 6 204+ 032
7 (DAS+DDS)— DEN 6 165+ 0.21*

DEN, diethylnitrosamine; DAS, diallyl sulfide; DDS, diallyl
disulfide; AgNORs, silver-binding nucleolar organizer regions
* Significantly different from group 1 (p<0.05)

Table VI. Mean Numbers of AgNORs per Nucleus in Experi-
ment II

Group Treatment No. of rats No. of AgNORs
(sacrificed)
1 Saline 6 177+ 0.28
2  DEN — AAF 7 3.01+ 0.54*
3 DEN — DAS — AAF 8 2.13+ 0.39**
4 DEN - DDS— AAF 7 234+ 0.42*
5 DAS— DAS+DDS — AAF 8 2.01+ 0.38%*

DEN, diethylnitrosamine; AAF, 2-acetylaminofluorene; DAS, dial-
Iyl sulfide; DDS, diallyl disulfide; AgNORs, silver-binding nuc-
leolar organizer regions ° Significantly different from group 1
(p<0.001) * Significantly different from group 2 (p<0.05) ** Sig-
nificantly different from group 2 (p<0.01)

T DDSE 2-AAFe] AAAE A 3, 4, 579 o]
GST-P ¥4 29 (p<0.05)2} 2 (p<0.001)%) 31}
25 frdAdsle JAE #3E 4 dgdoh

DAS¢} DDSE ¥4 Folils #99 742 Rojg)e
W }2) GST-PFAd 2] M dol| A=, AF 29] A 5]
A 3 4 wlE] DA AN fo A e dAEHS
T 4 9l kp<0.05).
AgNORs T2 &H

APEEF ¥7%8 k=32 AgNORs 448 &, HF

Fig. 1. Normal control livers stained for AgNORs (<200).
Most nuclei possess only one or two AgNOR dots.

Fig. 2. Hepatocytes of the preneoplastic lesion stained for
AgNORs promoted with 2-AAF after DEN-initiation (X200).
Many hepatocytes have an increased numbers of AgNORs
and/or large, irregulatly shaped AgNORs(arrow) compared
with Fig. 1

200709] 7FM EHe] AgNORs <14 dotd] 48 235}
7; v} HFgk e Table V, VIg 2l
A 19 A%, 7kt {23 DENS %33 4] 1
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Fig. 3. Higher magnification of Fig. 2. Most nuclei contain
multiple dots. One nuclei contains eight dots(arrow) (X 1,000).

T3 vjws)] B, DASe} DDSE #H&o % A3 A
T 4 FA4(p<0.05)s Byth

Ad 119 7l 7 2EAel DEN A3
2-AAFE Z2A)7] A 270] FA 2] dlz7¢] A 17(Fig.
Dol wlsf sl o] =Zw 273235 Hel2 49 AgNORs
24 dotgo] L e} wAe] gleiA ZA FHE e
FAg = 9ldohFig. 2, 3, p<0.001). Lz} 2-AAF
Aol DASS} DDSE ZH7t m= wWgoz AAXI A
3T(p<0.01), Al 47 (p<0.05), A 5-(p<0.01)el| o1&
A 23 vls] F94 ole JAE el dokFig. 4).

.

HZ ook dukd 4 9l A A 33E(natural
occuring organosulfur compounds)el] =& &&= F A}
ol A dFEo] Bol A=A T 9t

k=2 553 a2 2849 organosulfur co-
mpounds?] diallyl sulfide(DAS), diallyl disulfidé(DDS),
dipropyl sulfide(DPS), dipropyl disulfide(DPDS),
ajoenes-3}, 4449 organosulfur compounds?! S-allyl
cysteine(SAC), S-propyl cysteine(SPC), S-allyl mercapto
cysteine(SAMC), cysteine(CySH) So] 2|3H8 A=
Vel = Ao ® oeA doi(Sumiyosh 5, 1990). L
oFAE AWbH o R allyl7]e] <o} Wb, allyl”] %
propyl7] & w* A7l saturated compoundselAE 2
GE7) gl Ao FEAgick o] FelA EAY sul-
fur 97Fe] = FE Hedol| Wl ¥ 5 gle EHAVE
Z A&} (Sparnins &, 1988).

ol ez whs7|E(garlic cil)o] F2 F4HA4
#olm, allyl”]7} sulfur?]el 2% thioether TEF
o] glE DAS9} DDSE AME-she, whekel fudat
Z22A o vl GeHAE DI A UetEzlA Y
Ao gleid e &z ALY S A

group before 2-AAF promotion (X200). Many cells are dec-
reased the mumbers of black dots in each nucleus compared
with Fig. 2.

Adda, A{ T4+ DAS®} DDSE preinitiation
stageol] 22|t Z$olli= GST-P FAdwiAo] wide)] g)
A #9A9l= Far) FAEP o2 DASS) DDSA}
DEN2] skobfwte] gle] vlg] A& 5 &S &
9lgl.e™, promotion stageel] &AWL welE FAA
e A7t ¢lsle=2 DAS9} DDS DEN 59
Zhietel gl webEAlansl gle-g 4 4 ddch
Ag Il A= DASe} DDS 2% 2-AAF9] whel&z]o
el Zgt JAENE Vel o] ¥WE-Folr) Zhz Fo
ey of F24 e JAE Jehisich

AlEe] QG ukel o] mlEAEEe o)y wbA
o] 9ol & T st ql EHE AT §le} 2o
A4 A77) A% ciDausch 5, 1990). 53] Abg
o glefA} mpEol| 2|8} contact dermatitis, asthma £
el 27] uh-go] A <&z glcHlembo &, 1991).

o] dulAERIY 71" T gL dFr)
AP A 2 9l =], UubA e 2 phase 1 enzymes) cy-
tochrome Py MTE1E A=zl o 2 oJAEe] procarcino-
gene| Zrell A carcinogeno & A 31E= 718 To]5Eo]
7y microsomesoll 42 &g P# S0, £ phase
2 enzymeql GST®] FES ZAsle] B2 Ul EY
WS Ez15te dlSe Fodzle Aozt d=A vk
(Brady &, 1991). A= vl 2|4 2H-8-3le UEA
Z 5371 gz, giAbe #&A4g 92 3} procarcino-
geno] &3pAAon o AAAEFAE Jeld 5 9l
Lozt Az

28 a FEUYe] sulfurz)e] 938 4w QA
£, o] sulfur”]= Ee-EA 2] kA 7} A £2) DNA%}
Agrets AL =S8 ohi=l microsomal mixed fun-
ction oxidase(MFQ) ®F-3-9] w2 A © 2 phase 1 de-
toxificationol] 3e{3}.3%, thiol compoundel| 2]s] Z+&EA
(GST, DT-diaphorase) 22 M5l FHefilc) =3
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-5-80- (Sulfoxide)?]7} -SH groupd} ®l-23le] AEZ
AAAE doA FUFIAL AT F glvks B d=
9ltHDausch 5, 1989; Dorant &, 1993).

2 A7 e o]F vzl g AAgavE o
olR = ZAEE, A qle] 7} Eeoldel xR
G A 9 GST-P g}, HTol AEZA5S) A LR
zhgwrs ¢l AgNORsE AMgsled 2 3hebAdg oo}
B3 2 ApAeo s oo} xHgjr)

Nucleolar organizer regions(NORs)= ¥4 Al(nucleo-
lus)ell A8 od2] A (chromosome)el A 2]
HoA gle= Akt DNA loopse} o4 7)o A H L= o]zl
ribosomal RNA gene®] wlejz|r} 9ls & wtsic)
NORsw= AHE# ARz Az2] E9%7](meta-
phase)e] 13, 14, 15, 21, 22" <38 2] short armel
A3k, AEFd9] 7}7)(interphase)e]l A7) A H
o2 Fsbd WP A-fHE(dense fibrillar compo-
nent)3} A-&AZAl B (fibrillar center)® &= oz}
(& 5, 1992). AlZ= FAFAEL ©] NORsel| 22 ©]
S35 w2y ZhEg 194 4998 AEste 98 A
Heli Bl Mol 73R whiA)A Wz
ol = AgNORse &Aeo] s}53lA =Egch o]
NORs®] & o4& DNAZ gAE= o] ol
RNA AAAAEAe) #2dso] ribosomedH Aol Zufod 8-
&&= RNA-binding protein 2 small ribonucleoprotein
particles7} @Y= Ad, o] Aol carboxyl”],
disulfide”] ¥ sulfhydryl?])7} &3} 340 & AL
o|-8-gk ¥kgolr}y. olZ A ZFrld NORsE 7Hgz o=
2% 4= 9lA =}l 44 NORse] 4= A4} o] A|(di-
ploid) A4 20700]=]at, oA & 4L s}w
iAol modr vehtEz 1-27) HEE Fagoh
ZEvt A ESAe] A Azl BabE AV
A 28] ploidy7} F7h=]e] GAA 9] 7} F71E), w
A AV e(transcriptional activity)e] Z7}=Ed, & 435
NORs(AgNORs) <=7} 27344l "ok (& E, 1992). A=
bk MEAME £ 3l NORs® 71 2
7}E]7] ool AgNORse] 7} AAn} 271844 ==
Relc}.

A A = zltek(Tanaka 5, 1989)%ate}ue} o <+(Ka-
neko 5, 1991), #13HRosa 5, 1990), -5-HbeHGiri =,
1989), #r=eKTakeuchi =, 1990), AJZ<d(Leblanc =,
1991), d3}=(Crocker =, 1987), &2l AdeHDerenzini
& 1988), #7-9] 7|A A FsHEgan 5, 19882) F ¥
o]2] Hf-8-F(Egan 5, 1988b)ellA]e] Fdrdwe] A4
2T vz Bu 2% f2AUE #olE vehl
o], A 2 dFadd =5E &7 U A
Fa gl

AgNORs®] & 2 A9 7k, AL 74,
AR AETF LD ARt gt Ao ARE TR
Ut TEAYHAA ANFEFAe] gt T Ag-

=
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for

NORs¢] 7} AAEc S71"dce AL A8t
8]z o] AgNORs 9 4-2 bromodeoxyuridine(BrdU)
md o] A (Tanaka %, 1989)3 DNA flow cytometry(Giri
5, 1989) 5o Azje} wimsle] Ev) F2 ARAHE
viehde] Zwse] glrh. A=k o] AgNORsw= AE &
Alel gleixA & 2 E7} D5 glod=) AlrEoh

H odge] Z9-olx DEN % 2-AAFE =4l
A7) 7% AgNORs3 4 24 dotEe] A4 2o u]3
71 <o) WA AR FelAodE FUHE Rawd], o
F9AdelE £7H= DASet DDSE 2-AAF9] efaxl3
o AAXAA FoezM FAANA e AL
t}. o] Aae GST-P &40 woz3ses 949 2
o} zhe AES Jelz e AR, A= F A
FE Ague glo) 2o AgA e AEE AEH
th. AF gz zhdgte] glo] mleFEES, SAE
7rekale] Hudgl Seks AEE o £ a9
Lo] J@Hct zeyl 1 J)Ad daiMe ol AE 9
Zo] BRat Aok oo 2 nhE9) organosulfur com-
poundsel] &k AsistA AR eldle}, 2 A-E7]A
gl AL o) g At 4ok, gE AEWE
AP A gEEol gt st o el dElME AS
BAE AT HAe] o)Feixjel & How Aich

2 E

Bog7e, T dbE o33 oA dkagl
QAL 9l vlE7)E(garlic oil)2] F A4l diallyl
sulfide(DAS)$} diallyl disulfide (DDS)E z7; == #
4Fojsleol g, zZbagte] fa ERGAC wAe
dgkal(Ad ), 2-acetylaminofluorene(2-AAF)ol] 2]gt
pekEAle] g&ERANT) QleRe HNE dofr]
A (A& 1), GST-P &9 AgNORs 94% AEZ
Ag-S Azl tg3 22 ARE A9

DASS} DDSE =48 7obste] Hudt 4258 A4
sto] Alg-atd, ol Eale] Fojxs] Ao wle] «H
22 AHAsle] 22 Autads I8 4 9led, =i
2L H4TA50S Al 47 FAYE 2
o}, F0 22 AVFENME g o gl Ak
ae) 3 mEak A FE2AE2] 2] %Eq] AgNORsG -2 719
Atz £2 A4 o= ZHE Jehe o=
Alg= )
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