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A study of anticarcinogenic effects of dimethyl disulfide and diallyl
disulfide in a rat multi-organ carcinogenesis model

Boo-Hyon Kang, Hwa-Young Son, Chang-Su Ha, Jung-Koo Rho

Korea Research Institute of Chemical Technology, Screening & Toxicology Research Center

Abstract. The anticarcinogenic effects of dimethyl disulfide(DMDS, methyl disulfide) and diallyl
disulfide(DADS, allyl disulfide) were studied in a 28 weeks rat multi-organ carcinogenesis model.
Neoplastic and preneoplastic lesions were observed in the liver, kidney, thyroid gland, esophagus,
duodenurn, colon, rectum and adrenal gland. Results showed that neoplastic lesions in the kidney, liver
and thyroid gland were inhibited by DADS but those in the liver and colon were enhanced by DMDS
when compared to positive control group. Incidence of neoplastic lesions in the other organs were not
changed by DMDS or DADS exposure. While GST-p positive foci in the liver were increased by DMDS,
DADS had no effect. There was no significant histopathological lesion in DMDS or DADS treated group

without pretreatment with carcinogens.

Key words: Garlic, DMDS, DADS, rat, multi-organ carcinogenesis
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Table 1. Multi-organ carcinogenesis model in a rat
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gat, dX, ¥, F8A, Fud
7FA 1
5-olf o] kel 2H-&of
el Aom, o 7pA] Aol
& st Zavh WA k. vk AEE
oxigen-containing  compounds®} sulfur-cohtaining
compounds 2 o} 5] v, gt EHE e AL
sulfur- containing compounds = 4] methy! allyl sulfide,
dimethyl disulfide(DMDS), diallyl sulfide(DAS),
dimethyl trisulfide, allyl methyl disulfide(AMD), allyl
methyl trisulfide(AMT), diallyl trisulfide(DAT), diallyl
disulfide (DADS)% 28% o|4-e] Aol Uh® nh5
o geraste  AMAFE™  wansplantable
wmor,” 3}3HH o2 futg FPNe) wE g3tz
B3 giek. %% 9] Shandong el A A o5t
AFelA sF BE 20gY vhse HATHs
Gangshan Country F71-& 9]74¢tol] o Abg&ol
7b 9kan(3.45/100,000) TS A
Quixia Country FR12 9|4t 2t AlgEo] 7}
B ¥ 8(40/100,0000 R v giek

® AgoME Ito et alo] merE F7Iohav
AR es desded ol

0,

o lo go 3o off

pes|
A

h=}

wohEde) RHA/NE L

Wi A7 xedt Add FFALE
[o]

A}-&¥  diethylnitrosamine (DEN)& 2+ otefzl

Group (1) 2| 4[ 28w?eks

Con [ ’
VYV VVVYVVeOeOeOeee

A L | |
VYV VVVVeOLOOIOS

s¢ [T B i
VI VVIVIVOOOOOO

'f DEN 100mg/kg, IP, single v : Saline 20mg/kg, IP, 3/ n

;; % iggkkg: ég gsz:t O Saline 4022/1@1 sC, 3/veck

[:[:l * BBN 0.005% in drinking water |:1 * No treatment

[==] : DHPN 0.1% in drinking water [ =] ¢ Test Chemical 50mg/ke, PO, 6/week



o7 wolrd-g o] &% dimethyl disulfide®} diallyl disulfide®] 3283}

f2E 2 o] o, N-methylnitrosourea (MNU)+= ZHAMA,
W, 4 2 28AA TS FLech N-butyl-
N-(4-hydroxybutvhnitrosamine(BBN)2- 2] =9} A ¢ 2]
TdHAAe  F7MAl7)9,  dihydroxy-di-N-propylni-
trosamine(DHPI\”)-Q ZHAEA, 31] Al 2} m:ﬂoﬂ Zoko.
#4271 32, dimethylhydrazine (DMH) ##of £
& fUATh o WAL ool £ %ﬂ
AAE AT Foll vtsg FAT U B
AEE T 2 E%° o= AX < diallyl
disulfide(DADS, allyl disulfide)®} o]ol] H|&] & 5 o]
2 e x| ke dimethyl disulfide (DMDS,
methyl disulfide)el] thsled 7 et anr) o=
AEAE A 1 AEES el 8%
S ES shu 2 =40l guk.

m

SZNES

AT A 2 d-FAHAA A Ao
Al el A gakg SPF Kte:SDRERXA 4578 4
120m}2} & Q) ahed 27 ok 8 7IRbS © F AR

& 18 E o] &3

TAEES AL

£ B3 xR o

T

o

AES} &%
ARE AYFRE DYMREDARTFH A S
AF AR A S5 FFESE

A st

871 313 sl

Table 2. Abbreviation, unit, and analysis methods of the hematology and chemistry

ojA st Mgttt F, AT 2 ¢

15

2} 2H(410mm X 220mm X 200mm)
of 3ulg] ¥ vl x| Ete] 2% 3=23 23T, AGFEES0L
371314 A7 13-183], Z &+ 150 ~300Lux
ol A 1247 ZW sl ZANAM ALK STt

e

Iterns Unit Method
WBC  (White blood cell) x 10mm’ Coulter S-880 electronics
RBC (Red blood cell) x 10%/mm’ Coulter S-880 electronics
HGB (Hemoglobin concentration) g/dl Cyanomethemoglobin
HCT (Hematocrit) % Calculated from MCV and RBC
MCV (Mean corpuscular volume) fl Coulter S-880 electronics
MCH (Mean corpuscular hemoglobin) pg Calculated from HGB and RBC
MCHC (Mean corpuscular hemoglobin g/di Calculated from HGB and HCT
concentration)
PLT (Platelet) X 103/mm3 Coulter S-880 electronics
AST  (Aspartate aminotransferase) 1U/! UV-Rate
ALT (Alanine aminotransferase) 1U/! UV-Rate
ALP  (Alkaline phosphatase) 1U/! P-NPP
BUN (Blood urea nitrogen) mg/d! Urease-UV
CRE (Creatinine) mg/d/ Jaffe
GLU  (Glucose) mg/d! Enzyme
TCHO (Total cholesterol) mg/d! Enzyme
TP (Total protein) g/d! Biuret
ALB (Albumin) mg/d/ BCG
TBIL (Total bilirubin) mg/d! Enzyme
IP (Inorganic phosphorus) mg/d! uv
CPK  (Creatine kinase) 1U/! uv
A/G  (Albumin-globulin ratio) ratio ALB/(TP-ALB)
Na (Sodium) mmol/] Flame photometer

K (Potassium) mmol/!

Flame photometer
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MHEZ
A5 A sE diste 513 AF
t}.
oA X AT} - AP FH HA A=E
AN A 1247 A A7) 3 o H| 2 v} F 3L s
AT AAEg-GAY dFAEY EEAFAH
(standard operating procedure; SOP) ]| )&} 5.t A i off 4]
Holg A3 skt AF 3 Ao dF= EDTA-2K
7 2] ¥l ¥ (CBC bottle, 4] 2h & A}&-3le] &1 & W)X
st ar, e A= F A st sk A AALE 98] HAEE
4 Z 2 2% 4 & ¥(atron Lab. Inc., Japan)ol] &7 9t

N
2 =789

o} gl std AAl= Al 3208 o] o Coulter S-880
& ARRSle] sl o, s SRR S vHEO
AEALEE 3 @A A s} A AL A F 308
o] ofl 3000rpm ©. 2 107 7 A el g & Zejd 8
S deep freezer(-80°C)o] B @3l 3719 o] Lﬂoﬂ
Clinalyzer (JCA-VX1000, Jeol Co)Z =A3H
9} K= A & x}% 584 2} X](IL943 Flame photometer
Instrumentation Lab.)& o] &3} 243 dct A 2
HoAAslaA AL W T v = Table 29} 74T}
FH A FES AT Bd T UE XAA A A
& ohof b o8 R E 378 YA, naT R

Table 3. Summary of final body and relative organ weights(g) in the study using a rat multi-organ carcinogenesis model

Organ \ Group Con A B C D E
No. of animals 15 15 13 11 12 12
Body weight Mean 551.087 497.063**  508.361* 531.130 583.075 593.898*

SD 36.4844 30.3472 35.6140 42.5561 46.9305 28.4127
Pituitary gland Mean 0.002 0.003 0.002 0.004 0.003 0.002
SD 0.0008 0.0009 0.0010 0.0048 0.0018 0.0004
Adrenal gland-Lt Mean 0.005 0.006 0.006 0.006 0.005 0.006
SD 0.0010 0.0011 0.0012 0.0020 0.0007 0.0018
Adrenal gland-Rt Mean 0.004 0.005 0.005** 0.005** 0.005 0.005
SD 0.0006 0.0009 0.0009 0.0008 0.0009 0.0008
Liver Mean 2.504 2.449 2.638 2.459 2.561 2.456
SD 0.1344 0.1700 02184 0.1563 0.1810 0.1584
Spleen Mean 0.121 0.189** 0.162* 0.195** 0.125 0.156*
SD 0.0126 0.0575 0.0315 0.0475 0.0147 0.0254
Kidney-Lt Mean 0.267 0.302 0.324** 0.289 0.287 0.279
SD 0.0327 0.0290 0.0727 0.0205 0.0315 0.0266
Kidney-Rt Mean 0.275 0.309* 0.311* 0.294 0.287 0.281
SD 0.0349 0.0362 0.0301 0.0219 0.0341 0.0306
Testis-Lt Mean 0.320 0.358 0.339 0.321 0.322 0.324
SD 0.0533 0.0343 0.0362 0.0275 0.0391 0.0263
Testis-Rt Mean 0.321 0.360 0.346 0.329 0.319 0.326
SD 0.0615 0.0377 0.0360 0.0319 0.0384 0.0220
Urinary bladder Mean 0.023 0.059 0.026 0.025 0.030 0.029
SD 0.0054 0.1054 0.0085 0.0053 0.0123 0.0107
Pancreas Mean 0.186 0.193 0204 0.218 0.221 0.202
SD 0.0550 0.0707 0.0455 0.0281 0.0571 0.0510
Adrenals(Lt+Rt) Mean 0.009 0.010 0.011* 0.011** 0.009 0.010
SD 0.0015 0.0016 0.0014 0.0026 0.0013 0.0022
Kidneys(Lt+Rt) Mean 0.542 0.611* 0.635%* 0.582 0.575 0.560
SD 0.0658 0.0639 0.0920 0.0409 0.0649 0.0563
Testes(Lt+Rt) Mean 0.641 0.718 0.686 0.651 0.641 0.650
SD 0.1144 0.0696 0.0719 0.0576 0.0771 0.0468

* Slgmﬁcant difference from Con p<0.05
**, Significant difference frem Con p<0.01
Con; No treatment

A; Carcinogens B; Carcinogens+DMDS C; CarcinogenstDADS D; DMDS E; DADS
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22 Bouin & ol 79} 3}r] 2] 2F4 & Davidson &
ol A& Th 7H 9] o B GST-p %A fociol] ol 3+
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Ak 3+ A= GST-plocis ABCH oz oz

Aset Qgag olo A WAL Immage
analyzer(LA 500, PIAS, Japan)® 2 A 3} T}

SAXE|

29 A8 FE 7 FE =2 7182 LABCAT(Innovative
programming Associates, Inc., USA)ol| A5 0. 2 A 2 5] ¢}
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&, P R A5t ak, A7) Sk st FF S A A
3ttt GST-p focio] 49 WA 3 FAHS
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Table 4. Summary of absolute organ weights(g) in the study using a rat multi-organ carcinogenesis model

Organ \ Group Con A B C D E

No. of animals 15 15 13 11 12 12

Pituitary gland Mean 0.012 0.013 0.013 0.024 0.016 0.013
SD 0.0048 0.0036 0.0055 0.0261 0.0083 0.0026

Adrenal gland-Lt Mean 0.026 0.027 0.028 0.030 0.028 0.033
SD 0.0049 0.0048 0.0060 0.0090 0.0043 0.0084

Adrenal gland-Rt Mean 0.023 0.025 0.027 0.028" 0.026 0.027
SD 0.0040 0.0041 0.0042 0.0030 0.0041 0.0041

Liver Mean 13.788 12.158” 13.438 13.049 14.907 14.584
SD 1.0217 0.9244 1.7624 1.2208 1.3327 1.1688
Spleen Mean 0.663 0.933" 0.821 1.026" 0.723 0.922"
SD 0.0578 0.2556 0.1652 0.2322 0.0601 0.1220

Kidney-Lt Mean 1.465 1.500 1.645 1.530 1.672 1.656
SD 0.1520 0.1299 0.3901 0.1097 0.1860 0.1700

Kidney-Rt Mean 1.511 1.532 1.579 1.554 1.671 1.668
SD 0.1551 0.1762 0.1418 0.1182 0.1960 0.1738

Testis-Lt Mean 1.759 1.775 1.719 1.700 1.865 1.921
SD 0.2737 0.1280 0.1741 0.1155 0.1602 0.1272

Testis-Rt Mean 1.763 1.783 1.756 1.739 1.848 1.934
SD 0.3145 0.1478 0.1642 0.1117 0.1572 0.1008

Urinary bladder Mean 0.126 0.293 0.136 0.131 0.174 0.169
SD 0.0302 0.5238 0.0479 0.0318 0.0733 0.0613

Pancreas Mean 1.025 0.958 1.038 1.158 1.276 1.198
SD 0.3325 0.3457 0.2428 0.1783 0.2947 0.3079

Adrenals(Lt+Rt) Mean 0.049 0.051 0.055 0.058" 0.055 0.059
SD 0.0079 0.0078 0.0090 0.0105 0.0069 0.0101

Kidneys(Lt+Rt) Mean 2.976 3.031 3.224 3.083 3.342° 3.324°
SD 0.2967 0.3011 0.4859 0.2201 0.3768 0.3347

Testes(Lt+Rt) Mean 3.522 3.558 3.475 3.439 373 3.854
SD 0.5865 0.2610 0.3364 0.2152 0.3136 0.2181

*; Significant difference from Con p<0.05
**: Significant difference from Con p<0.01

Con; No treatment A; Carcinogens B; Carcinogens+DMDS C; CarcinogenstDADS D; DMDS E; DADS
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AEHA At o, B, CitL k7 7rAE Tt D,
E & izl us dA3 AFe F7HE 24t
(Table 3).
3=

47% ﬂ°A¥ﬂ1%LHH1€W%%Mﬁaﬂ
st ot A Fo] e

H] 4, 412 A 3ol oh & o)
sheth BRel A AE o) Mate 9l
A, o) A G G F o] #2)
SHTHCTON A & A v g o] o) 3 ol S
o, ol 5o JhFEFE Fol4 A F7hsh DT
oA Age] AehEFol FH YA Fkehg ot
JeiE e Feldol slgleh BTl L v, A,

Ao} AdiE ol 44 oA B ey 4dF
ol A AT Fo4 e eI THTable 3, 4).

S HA}

B9l A= MCHC7} 5214 QLA 2718t g o9, C+#
o 4= RBC,HGB, HCT7} 2] A4 U Al 7+4- 813 v} D+
A= MCHC7} #2l A Al 4ttt EdelM &
RBC= #olAd $IAl #4391 2.0, MCV, MCH: 2
XA F skl th 1 019 o) 52 F s AT
(Table 5, 6).

==

gonansts] A
AT A= ALTE 724
o)A Al

JA F7Heked o, GLU =
ZHash vk B ol A = GLUZ -9 A LAl

Table 5. Summary of hematological tests in the study using a rat multi-organ carcinogenesis model

Grouyltens WBC RBC HGB HCT MOV MH MIC LT
Cn Mean 761 871 15.84 4542 5213 18.17 34.88 1210
SD 1635 0470 0715 2158 1.358 0338 0729 900

A Mean 741 875 1582 4543 51.93 18.10 34.86 1139
SD 2002 0540 07% 2688 0978 0523 0762 1820

B Mean 1035 861 1554 4531 52.58 1806 337" 1135
SD 3683 0493 0741 3012 1.198 0634 1416 130.1

C Mean 1062 780" 140" 4167 5338 18.18 3407 1297
SD 5656 06M 1339 3.888 1754 0469 1.191 322

D Mean 751 848 1521 4531 5344 1790 35 1146
SD 1.781 0765 1.860 4132 1361 1.090 2332 00

E Mean 774 796" 1503 427 5559 18.89° 3400 1214
SD 20600 0440 087 2939 1.876 0715 1226 84

*; Significant difference from Con p<0.05
**; Significant difference from Con p<0.01

Con; No treatment A; Carcinogens B; CarcinogenstDMDS C; Carcinogens+DADS D; DMDS E; DADS

Table 6. Summary of differential count in the study using a rat multi-organ carcinogenesis model

Group/Items Neutrophils Eosinophils Basophils Lymphocytes Monocytes

Con Mean 1.326 0.069 0.000 6.086 0.125
SD 0.6591 0.0919 0.0000 1.7591 0.1147

A Mean 1.359 0.047 0.000 5.864 0.135
SD 0.4758 0.0664 0.0000 1.7254 0.1233

B Mean 2.680 0.044 0.000 7.461 0.162
SD 2.6271 0.0824 0.0000 2.0473 0.1279

C Mean 3.376 0.035 0.000 7.100 0.111
SD 4.7523 0.0686 0.0000 2.4150 0.1290

D Mean 1.709 0.054 0.000 5.602 0.142
SD 0.7211 0.0795 0.0000 1.2207 0.0921

E Mean 1.436 0.030 0.000 6.186 0.090
SD 0.4997 0.0377 0.0000 1.7403 0.0978

Con; No treatment A; Carcinogens B; Carcinogens+DMDS C; Carcinogens+DADS D; DMDS -E; DADS



7] AR d-g o] 83 dimethyl disulfide$t diallyl disulfides 2% +a 2} 19

U\l

FA kgt Coll A & AST, GLUE |9 A 9 A 2HA
st oo, ALTy F94 A 5718t DM &
ALP, GLUZ} 3¢ A 9 Al 743+ ot EZ ol A= TBIL
of o UA A ATE 1ol 9o FE-& 2 sy}
1321 TH(Table 7).

Y| xZA N At

Halehx ZAbolA A& A Aol A renal tubule

basophilia 12, renal tubule hyperplasia 62}, renal tubule -

adenoma 48] 7} 2 A 319 o 1,
R N s SES
32, hepatocellular hyperplasia 1 2], hepatocellular adenoma

olE R AR
clear cell foci 7 2], eosinophilc foci

13 2 fibrosis, cholangiofibrosis, cystic cholangitis %-©)
RN o, B AL T =i eyl 2o 4
cortical hyperplasia7} 2 &} Y E} w5t 0 0, 7HAk A of] A C-cell
adenomaz} 12 #&A ATt & Frld M= Solgt
wuio] BawA et

B2 41& oA renal tubule hyperplasia 83, renal
tubule adenoma 32, renal tubule carcinoma 1#)(Fig. la,
1b)7} B A st Aol B3] Frsk ok el A =
clear cell foci 92|, eosinophile foci 3%, hepatocellular
hyperplasia 2 &), hepatocellular adenoma 1 3], hepatocellular
carcinoma 12|(Fig 2a, 2b), billiary hyperplasia 13 %
cystic cholangitis, fibrosis 5 ©] 325 o] Ao v a) =
7Var sl A Aol A = C-cell adenomar} 13 3=
At

#H oA type II cell hyperplasia 18], 4]o]=]4 ol A]

mucosa®]  atypical hyperplasia 1a], ZAZA
adenocarcinoma 17} #3 St o2 7| =
AME Eoldt Wwo| B gt}

Ca2 A7l A renal tubule hyperplasia 5], renal
tubule adenoma 227} WAYEH o0, o] W9
X A, Baol Wls) 2Al vebgtel tHg ol A E clear
cell foci 62, eosinophilic foci 1%, basophilc foci 1)
Z fibrosis, cystic cholangitiss o] #a = on], o] =
Mo AEE A, BIo vl& $A vebyc el
A7l A adenocarcinoma(Fig 3a, 3b)7} 18] #25

oo, g A7l ME Bold Wwlo] #atn ] et
c}.
D,Ei& th ol ¥ s o] ws}r} A o) s =

@At Table 8).

T4 HHE LS ATAA 1508 3 7|7} 2 A}
46.7%, Ba-2 13v}2] & 98| 2 69.2%, C+-& linfg] =
42 2 36.4%° LA ES EFN I Do} Ed ol M &=
F%o] 3 dx wrAE A Egtri(Table 9).

GST-p &4 fociel = % @y

GST-p ¢4 foci= ZTAM = 257 BAFHY o
o, =7 H3) A, B 2 CS S8 ==
B AIADLEFANME fo o] Q1A x| &gprh A
oﬂ H] EH B:'lt"ﬂ'v‘]}‘q A 7" '“‘7]'——}'/\)~v-— ,CE%%Q’KJ

< gl%ltH(Table 10).

Table 7. Summary of clinical chemistry in the study using a rat multi-organ carcinogenesis model

Goplters AST AT AP BIN (RE GU THO TP AB THL P K AG NA K
Cn Mean 9051 4152 278 1706 042 21489 90264 748 490 100 777 3253 191 1414 756
SD 20907 13752 67046 1561 0047 46440 17655 0392 025 0104 1002 174814 0160 438 1.625
A Mem 12368 6628 25807 1889 040 171227 8792 741 481 095 773 3865 18 1423 711
SD 24831 13618 54475 2363 0046 39248 13615 0375 0266 0059 1245 125968 0137 344 1.361
B  Mm 10731 96 20777 1680 039 15858 899 744 48 095 764 31799 18 1417 6%
SD 19764 15035 53427 2368 0050 26283 20554 0416 0362 0049 0893 175424 0151 461 1602
C Mean 148197 P9 21008 1723 041 16701 H12 726 475 09 763 3017 190 1411 677
SD 101291 60896 42808 2432 004 21548 1088 0601 0440 0070 0647 295615 0151 481 1441
D M 9048 4347 16437 1665 042 16384 9135 734 473 093 758 249 183 1434 66l
SD 20816 14800 2665 1465 0057 42362 15002 0352 0252 0051 1035 142685 0149 443 14%6
E Mm 908 3751 1871 1557 039 17823 9% 727 479 093 758 27197 194 1429 68l
SD 26185 11252 47762 1840 0040 55413 23168 0319 0260 0050 L1171 131567 0.129 36 1739

*; Significant difference from Con p<0.05
**; Significant difference from Con p<0.01
Con; No treatment A; Carcinogens B; Carcinogens+DMDS C; Carcinogens+tDMDS D; DMDS E; DADS
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Fig. 1a. Kidney, SD rat. A large nodule of the kidney from carcinogen and DMDS treatment group showing well
demarcation. Bar=1cm. Fig. 1b. Renal tubule carcinoma showing sharp demarcation and compression of the adjacent
parenchyma, and focal necrosis(N). Bar=20 ym Fig. 2a. Liver, SD rat. A imegular nodule(arrow head) from carcinogen
and DMDS treatment group. Bar=1cm. Fig. 2b. Hepatocellular carcinoma(arrow head) showing solid growth pattern and
invasion of the adjacent parenchyma. Bar=20 ym Fig. 3a. Colon, SD rat. Muitiple polypoid masses of the colon from
carcinogen and DADS tratment group. Bar=1cm. Fig. 3b. Adenocarcinoma showing irregular architecture of glands with
anaplastic appearance(arrow head) and inflammation in the lamina propria. Bar=20 xm
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Table 8. Histopathological observations in the study using a rat multi-organ carcinogenesis model
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Group
Number of rats

Con
15

A
15

B
13

C
11

12

KIDNEY
Renal tubule basophilia
Renal tubule hyperplasia
Renal tubule adenoma
Renal tubule carcinoma
Interstitial nephritis
Epithelial hyperplasia/pelvis
Pyelonephritis
Hyaline cast
Infarction

LIVER
Clear cell foci
Eosinophilic foci
Basophilic foci
Hepatocellular hyperplasia/focal
Hepatocellular adenoma
Hepatocellular carcinoma
Biliary hyperplasia
Cholangiofibrosis
Cystic cholangitis
Fibrosis
Spongiosis hepatis
Coagulative necrosis/focal
Lymphoid cell aggregation
Thrombosis
Hydrophic degeneration
Extramedullary hematopoiesis
Fatty change

LUNG
Type II cell hyperplasia

Perivascular lymphoid cell hyperplasia

Congestion

Fibrosis/visceral pleura
DUODENUM

Atypical hyperplasia/mucosa
COLON

Adenocarcinoma
THYROID GLAND

C-cell hyperplasia

C-cell adenoma

Cyst

Ultimobranchial cyst
ADRENAL GLAND

Cortical hyperplasia/focal

Cytoplasmic vacuolation/focal
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Table 9. Summary of tumor incidence in the study using a rat multi-organ carcinogenesis model

Items \ Group Con A B C D E
Total rats/group 15 15 13 11 12 12
Total primary tumors 0 7 9 3 0 0
Total rats with tumors 0 6 8 3 0 0
Total rats with multiple tumors 0 1 1 0 0 0
Total benign tumors 0 7 6 2 0 0
Total malignant tumors 0 0 3 1 0 0
Total malignant with metastasis 0 0 0 0 0 0

Con; No treatment A; Carcinogens B; Carcinogens+DMDS C; Carcinogens+DADS D; DMDS E; DADS

Table 10. Numbers and areas of GST-p positive foci
in liver of rats in the study

GST-p possitive foci

Group No.of rats

No./Cm2 Area(mm2/Cm2)
Con 15 240+ 2.10 0.010+0.010
A 15 45.47+27.77" 0.325+0.160
B 13 80.23+30.80" 0.639+0.223
C 11 52.00+43.85" 0.449+0.309
D 12 3.09+ 2.70 0.029+0.028
E 12 3.00+ 2.86 0.011+0.014

Each value is mean*=SD ,

**significant difference from Con p<0.01

Con; No treatment A; Carcinogens B; Carcinogens+DMDS
C; CarcinogenstDADS D; DMDS E; DADS
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