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A Study of Anticarcinogenic Effects of Allyl Methyl
Trisulfide and Methyl Propyl Disulfide on F344 Rats in a
Rat Multi-organ Carcinogenesis Model

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

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

Abstract.  The anticarcinogenic effects of allyl methyl trisulfide(AMT) and methyl propyl
disulfide(MPD) were studied in a 28 weeks rat multi-organ carcinogenesis model. Tumor
incidence rate was decreased by AMT or MPD treatment comparing with the positive control.
AMT treatment significantly decreased the incidence of neoplastic and preneoplastic lesions in the
kidney, thyroid gland, urinary bladder, alimentary tract, lung and Zymbal’s gland. MPD also
inhibited incidence of neoplastic and preneoplastic lesions in the liver, kidney, urinary bladder,
alimentary tract, lung and Zymbal’s gland but increased that in the thyroid gland. GST-—p
positive foci in the liver were slightly decreased by AMT or MPD. There was no significant
histopathological lesions in AMT or MPD treated group without pretreatment of carcinogens.
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Table 1. Multi-organ carcinogenesis model in a rat
Group (P ? ‘} 28we<?ks
Control r ]
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DE l

¥ :  DEN 100mg/kg, IP, single
¥ : MNU 20mg/kg, 1P, 3/week
¢ : DMH 40mg/kg, SC, 3/week

ED : BBN 0.005% in drinking water l:] : No treatment

% : DHPN 0.1% in drinking water E' : Test Chemical 50mg/kg, PO, 6/week

V : Saline 20mg/kg, 1P, 3/week
& @ Saline 40mg/kg, SC, 3/week
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Table 2. Abbreviation, unit, and analysis method of the hematology and serum chemistry

Item Unit Method
WBC (White hlood cell) X IO?/mmfi 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/de Calculated from HGB and HCT
concentration) ' ,
PLT (Platelet) x 10°/mm’ Coulter S-880 electronics
AST (Aspartate aminotransferase) /e UV-Rate
ALT (Alanine aminotransferase) U/ ¢ UV-Rate
ALP (Alkaline phosphatase) /¢ 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
TG (Trnglyceride) mg/d¢ Enzyme
TP (Total protein) g/dé Biuret
ALB (Albumin) g/de BCG
TBIL (Total bilirubin) mg/d¢ Jendrassik-Cleghorn
Ca (Calcium) mg/d¢ OCPC
IP (Inorganic phosphorus) mg/d? Enzyme
CPK (Creatine kinase) 1/ ¢ UV-Rate
PL (Phospholipid) mg/d? Enzyme
A/G (Albumin-globulin ratio) ratio ALB/(TP-ALB)
Na (Sodium) mmol/ ¢ Flame photometer
K (Potassium) mmol/ ¢ Flame photometer
C1 (Chloride) mmol/ ! Flame photometer
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(Iatron Lab. Inc., Japan)ell %7 @ttt & olarz)
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Table 3. Summary of absolute organ weights(g) of F344 rats in the study using a rat multi-organ

carcinogenesis model

Organ \ Group Con B C D E
No. of rats 15 16 16 17 16
Liver Mean 8.934 8.797 7.989” 7.908" 8.798 8.949
SD 0.6685 1.0329 0.6920 0.5837 0.8614 0.4932
Kidney-Lt Mean 1.044 1.011 1.041 1.037 1.044
SD 0.0614 0.0620 0.0873 0.0760 0.0703 0.0559
Kidney-Rt Mean 1.050 1.213" 1.012 1.034 1.052 1.061
SD 0.0692 0.2673 0.0867 0.0742 0.0724 0.0694
Pancreas Mean 0.855 0.952 0.861 0.805 0.899 0.908
SD  0.2763 0.2449 0.2280 0.1679 0.2573 0.2807
Urinary bladder Mean 0.104 0.096 0.086 0.101 0.092 0.131
SD 0.0256 0.0180 0.0136 0.0477 0.0175 0.1207
Kidney-Lt+Rt Mean 2.094 2.340™ 2.023 2.075 2.089 2.105
SD 0.1265 0.2902 0.1705 0.1464 0.1385 0.1194

** : Significant difference from Con p<0.0l1 Con :

No treatment A : Carcinogens

B : Carcinogens+Allyl methyl trisulfide C : Carcinogens+Methy! propy] disulfide

D : Allyl methyl trisulfide E : Methyl propyl disulfide
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Table 4. Summary of final body and relative organ weights(g) of F344 rats in the study

using a rat multi-organ carcinogenesis model

Organ \ Group Con A B C D E
No. of rats 15 14 16 16 17 16
Body weight Mean  364.8 349.9 289.8™ 316.2 354.3 389.2
SD 17.99 12.35 31.82 18.14 20.29 25.83
Liver Mean 2448 2518 2.808" 2.500 2.485 2.409
SD 0.1143 0.3228 0.5730 0.0732 0.1901 0.3767
Kidney-Lt Mean  0.287 0.322" 0.351™ 0.329™ 0.293 0.281
SD  0.0137 0.0160 0.0317 0.0164 0.0173 0.0444
Kidney-Rt Mean  0.288 0.347" 0.352" 0.327 0.297 0.285
SD  0.0148 0.0769 0.0357 0.0156 0.0160 0.0449
Pancreas Mean 0235 0.273 0.303 0.255 0.255 0.244
SD 0.0773 0.0734 0.0926 0.0565 0.0751 0.0851
Urinary bladder Mean 0.028 0.027 0.030 0.032 0.026 0.036
SD 0.0067 0.0048 0.0075 0.0158 0.0043 0.0344
Kidney-Lt+Rt Mean 0574 0.669" 0.703" 0.656™ 0.590 0.567
SD  0.0266 0.0829 0.0666 0.0302 0.0318 0.0887

" : Significant difference from Con p<0.05

Con : No treatment A : Carcinogens

1 Significant difference from Con p<0.01

B : Carcinogens+Allyl methyl trisulfide

C : Carcinogens+Methyl propyl disulfide D : Allyl methyl trisulfide

E : Methyl propyl disulfide
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Table 5. Summary of hematological values of F344 rats in the study using a rat multi-organ

carcinogenesis model

Group/item WBC RBC HGB HCT MV MCH MCHC AT
Con Mean 5.22 8.98 16.06 46.86 52.20 17.88 34.28 767
SD 1134 0.553 0.817 2.084 2.038 0.371 0.785 99.8

A Mean 6.18 8.43 14.78 43.28 51.50 1757 34.15 935
SD 2.905 1.048 1.731 4794 1.905 0.472 1.345 3355

B Mean 5.6 7.88™ 13.87" 41.95™ 53.14 17561 3297 504
SD 1457 1.229 2470 6.843 1.689 0.681 1.479 295.1

C Mean 493 3.48 14.88 4417 52.18 17.55 33.67 802
SD  0.806 0.755 1.321 3.478 1.251 0.203 0.778 134.7

D Mean 5.70 8.91 15.96 47.47 53.27 1791 33.63 866
SD 0989 0.291 0.471 1.697 0.674 0.283 0.486 61.1

E Mean 5.20 9.10 16.25 4773 52.42 17.84 34.05 326
SD 1570 0.299 0.714 1.827 0.437 0.361 0.687 99.8

B : Carcinogens+Allyl methyl trisulfide
D : Allyl methyl trisulfide

carcinoma 12|, mesenchymal tumor 4|7} 2433}
oith. B]#Ao A} stromal hyperplasia 22|, 3H/d4del
A C-cell adenoma 18|, follicular cell hyperplasia
4¥), follicular cell adenoma 3, AXolA
#H ofj A4  alveolar-bronchiolar
hyperplasia 1138, alveolar-bronchiolar adenoma 3
g, 3o A papilloma 18, A°)A &4 mucosal
adenocarcinoma 28|, 3 73olA
mucosa®] hyperplasia 12, Z&oA mucosa®l
hyperplasia 2817} &=k 2 vrell Zymbal's
glandoll A1 Zymbal's gland carcinoma 3#|7} &2 &
Feg=g

Bitol =  HAAAA

eosinophile  foci 138,

papilloma 13,

hyperplasia 13,

134,
basophilic foci 1#,

clear cell foci

hyperplasia 18l 2 bile duct
hyperplasia, cholangiofibrosis’s o] #Z =t 3t
gler ol A hyperplasia 18, 2% A mesothelial
k330l A

hepatocellular

hyperplasia 1%, transitional  cell
hyperplasia 13|, 213l A tubular cell hyperplasia
7@, mesenchymal tumor 227} &3 FAl
Al cortical hyperplasiaZb 13, 74X C-cell
hyperplasia 23], follicular cell hyperplasia 62,
A ol A
distalis &
alveolar-bronchiolar

gland adenoma 13,
el A pars
o] A

parathyroid
papilloma 13,
hyperplasia 13,

* . GQignificant difference from Con p<0.01 Con : No treatment A : Carcinogens
C : Carcinogens+Methyl propyl disulfide
E : Methyl propy! disulfide

hyperplasia 152, alveolar-bronchiolar adenoma 1
g, 294 basal cell hyperplasia 18], A ] =} 7l
A adenoma 13, &%) A adenocarcinoma 1, 3|
ol A mucosa®l hyperplasia 187} #2= ok 1
vkl 3 A 9ol A 12 2}
Zymbal's gland®l Zymbal's gland carcinoma 1
gl 7t B E AT
Caoll e HFAAA

eosinophilec  foci 13,

rhabdomyosarcoma

clear cell foci 124,
basophilic foci 24,
hepatocellular hyperplasia 18] % cholangiofibrosis,
biliary HaE A, st ebdelM =
hyperplasia 32, 3ol A mesothelial hyperplasia
3@, mesothelioma 13,
hyperplasia 1@, A1%&ellA tubular cell hyperplasia

cystzo]
3ol A transitional cell

53], mesenchymal cell hyperplasia 287} A8t
t}. "] &) A] stromal hyperplasia 1 #l, red pulp
hyperplasia 12, %4l A cortical hyperplasia 28],
Ao A follicular cell hyperplasia 6], follicular
cell adenoma 3#l, follicular cell carcinoma 1%,
parathyroid gland adenoma 13|, 3t A A pars
distalis 2] o] o] A
-bronchiolar hyperplasia 128, alveolar-bronchiolar
adenoma 13, o)A &l A adenocarcinoma 1|7}
ALy, 1 vre] A7) A= Zymbal's gland
o) 4] Zymbal's gland carcinoma 127} #2 =t

hyperplasia 12, alveolar
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Table 6. Summary of differential count of F344 rats in the study using a rat multi-organ carcinogenesis model

Group/Item Neutrophils Fosinophils Basophils Lynphocytes Monccytes

Con Mean 1.25 0.07 0.00 3.77 0.12
SD 0.472 0.065 0.000 0.850 0.204

A Mean 2.08° 0.13 0.00 3:89 0.08
SD 1.468 0.216 0.000 1.334 0.189

B Mean 1.70 0.04 0.22 3.58 0.11
SD 0.754 0.049 0.868 1.328 0.109

C Mean 1.40 0.10 0.00 3.34 0.07
SD 0.361 0.061 0.000 0.646 0.091

D Mean 1.37 0.12 0.00 4.08 0.14
SD 0.439 0.072 0.000 0.916 0.097

E Mean 1.33 0.10 0.00 3.67 0.10
SD 0.499 0.079 0.000 1.192 0.073

" ¢ Significant dif’erence from Con p<0.05 Con : No treatment A : Carcinogens B : Carcinogens+Allyl methyl trisulfide
C : Carcinogens+Methyl propyl disulfide D : Allyl methyl trisulfide E : Methyl propyl disulfide

Table 7. Summary of serum chemistry values of F344 rats in the study using a rat multi-organ
carcinogenesis model

Grouylterrs AST  ALT ALP BIN (RE GU  TO0 TG TP
Con  Men 11964 8860 19649 1743 078 15826 7668 14101  7.23

Sh 265426 19902 28640 1805 0061 23020 9408 31171  0.200
A Mean 14273 9315 23380 1809 077 15279  6391%+ 13598 677+
B
C
D

SD 45409 37484 37.881 2056 0047 23216 10.715 68.151  0.324
Mean  124.98 7413 243.39%x 1829 075 145.26 65.10%* 12550 6.85%*

SD 31259 17.044  39.004 2131  0.059  19.303 7.703 47256 0532
Mean 150.97 88.84  242.06%x  19.01 076 154.05 67.53* 108.52 6.99
SD 47471 22075 27112 2640  0.055  21.968 8253 30438  0.240
Mean 103.61 74.34 19510 17.29 077  157.58 68.15 126.15 7.31
SD 234561 25560 43.568 1701 0056 20727 10.712 28602  0.224

E Mean 111.84 89.78  205.41 18.06 078  167.85 78.83 132.99 7.29
SD 36280 43.031  42.148 0.865 0.057  27.887 9.864 39162 0.221
Grop/lters  ALB THIL CA IP CPK PL AG NA K Cl

Con Mean 485 0.35 10.13 596 14928  150.75 2.04 138.0 502 1000
Sh 0170 0.117 0.776 1.010 55601  14.997 0.142 165  1.198 1.46

A Mean  452xx 0.36 9.88 586 14011  135.58= 2.03 138.8 460  100.7
SD 0278 0.089 0276 0859 62912 19.361 0.190 142 0946 1.27

B
C
D

Mean 463 0.37 9.93 6.22 171.26  136.16% 2.09 138.0 519 1009

SD 0454 0.123 0279 0949 79863  14.085 0.224 217 0974 1.49

Mean 472 0.35 10.02 597 14161 13715 2.09 1379 467 1003

SD 0184 0.097 0.441 0973 56385 10411 0.110 239 1170 1.27

Mean 490 0.38 10.18 619 14302 13797 2.04 1375 4.82 99.9

SD 0145 0.115 0.344 0.760 65334 17495 0.075 234 1108 1.24

E Men 491 0.36 10.32 6.04 11891  152.26 2.07 137.6 493 99.7

D 0.151 0110 0482 0913 28377 17126 0148 270 1341 136

* © Significant difference from Con p<0.05 ** : Significant difference from Con p<0.01
Con : No treatment A @ Carcinogens B '@ Carcinogens+Allyl methyl trisulfide
C : Carcinogens+Methyl propyl disulfide D : Allyl methyl trisulfide E @ Methyl propyl disulfide
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Table 8. Proliferative lesions of F344 rats observed in the study using a rat multi-organ carcinogenesis model

Group:
Number of rats:
Number of lesion(#) and percentage(%)

D
17
%

E
16
#

%

LIVER
Clear cell foci
Eosinophilic foci
Basophilic foci
Hepatocellular hyperplasia
Hepatocellular adenoma
Cholangiofibrosis
Bile duct hyperplasia
HARDERIAN GLAND
Hyperplasia
TESTIS )
Mesothelial hyperplasia
Mesothelioma
URINARY BLADDER
Transitional cell hyperplasia
KIDNEY
Tubular cell hyperplasia
Tubular cell adenoma
Transitional cell carcinoma
Mesenchymal cell hyperplasia
Mesencymal tumor
SPLEEN
Red pulp hyperplasia
Stromal hyperplasia
Fibrosis/capsule
ADRENAL GLAND
Cortical hyperplasia
THYROID GLAND
C-cell hyperplasia
C-cell adenoma
Follicular cell hyperplasia
Follicular cell adenoma
Follicular cell carcinoma
Adenoma/parathyroid
PITUITARY GLAND
Hyperplasia/pars distalis
LUNG
Alveolar-bronchiolar hyperplasia
Alveolar-bronchiolar adenoma
FEMUR
Myeloid hyperplasia
STERNUM
Myeloid hyperplasia
TONGUE
Papilloma
ESOPHAGUS
Papilloma
STOMACH
Basal cell hyperplasia/forestomach
DUODENUM
Atypical hyperplasia/mucosa
Adenoma
Adenocarcinoma
JEJUNUM
Atypical hyperplasia/mucosa
Adenocarcinoma
ILEUM
Atypical hyperplasia/mucosa
COLON
Atypical hyperplasia/mucosa
DIAPHRAGM
Rhabodomyosarcoma
SUBCUTANEQOUS MASS
Zymbal’'s gland carcinoma

o O O O o0 o0 O O C o O O o ooCcooo O COC OoCDO © OC C© COoCcCooo

Con A B C

15 14 16 16
% # % # % ¥ % #
0.0 9640 13810 12750 0
0.0 2 14.0 1 60 1 60 0
0.0 3210 1 6.0 2130 0
0.0 1 70 1 60 1 6.0 0
0.0 1 7.0 0 00 0 00 0
0.0 1 70 2 13.0 2 13.0 0
0.0 2 140 4 250 0 00 0
0.0 1 70 1 70 3190 0
0.0 2 140 1 6.0 3 19.0 0
0.0 1 70 0 00 1 6.0 0
0.0 3210 1 60 1 60 0
0.0 4 290 7 440 5 31.0 0
0.0 1 70 0 00 0 00 0
0.0 1 70 0 00 0 00 0
0.0 0 00 0 00 2130 0
0.0 3210 2 130 0 00 0
0.0 0 00 0 00 1 60 0
0.0 2 14.0 0 00 1 6.0 0
0.0 1 70 0 00 1 6.0 0
0.0 0 00 1 60 2 13.0 0
0.0 0 00 2 13.0 0 00 0
0.0 1 70 0 00 0 00 0
0.0 4 290 6 38.0 6 38.0 0
0.0 3 21.0 0 00 3 19.0 0
0.0 0 00 0 00 1 60 0
0.0 0 00 1 6.0 1 6.0 0
00 0 00 1 60 6.0 0
00 11 790 15940 12750 0
0.0 3210 1 6. 1 60 0
2 14.0 2 13.0 1 60 0
0.0 2 140 2 130 1 6.0 0
0.0 1 70 0 00 0 00 0
0.0 1 70 1 60 0 00 0
0.0 0 00 1 6.0 0 00 0
0.0 1 70 0 00 0 00 0
0.0 0 00 1 60 0 00 0
0.0 2 14.0 0 00 1 6.0 0
0.0 1 70 0 00 0 00 0
0.0 0 00 1 60 0 0.0 0
0.0 0 00 1 6.0 0 00 0
0.0 2 14.0 0 00 0 0.0 0
0.0 0 00 1 60 0 00 0
0.0 3210 1 6.0 1 60 0

OO O OOOO0D O OCC LOOOP 2 o2 QO OPPOOOo
Co o Cooobo © oo oo © OO © 0000000
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Table 9. Summary of tumor incidence of F344 rats in the study using a rat multi-organ carcinogenesis model

Item \ Group Con A B C D E
Total rats/group 15 14 16 16 17 16
Total primary tumors 0 21 10 9 0 0
Total rats with tumors 0 11 7 5 0 0
Total rats with multiple tumors 0 7 3 4 0 0
Total benign tumors 0 14 7 6 0 0
Total malignant tumors 0 7 3 3 0 0
Total malignant with metastasis 0 0 0 0 0 0

Con : No treatment A : Carcinogens

Table 10. Numbers and areas of GST-p positive
foci in liver of F344 rats

GST-p positive foci

Groups No. of rats No./Cm°  Area(mm”/Cm°)
Con 15 04710743  0.010£0.0016
A 14 23571t6.734  0.136£0.0785
B 16 20.69*6.478 - 0.108+0.0355
C 16 20.38+6.602  0.113%0.0579
D 17 0.65+0.812  0.011£0.0037
E 16 05370734  0.009£0.0065

Each value is mean®=SD Con @ No treatment

A : Carcinogens

B : Carcinogens+Allyl methyl trisulfide

C : Carcinogens+Methyl propyl disulfide

D : Allyl methyl trisulfide

E : Methyl propyl disulfide
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(Table 5, 6).
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