








 

 

Figure 6. Morphological effects of treatment with 
and soyasapogenol B.  
 
(a) Untreated Caco-2 cell 

  
 
(b) Soyasaponin I treatment for 72 hours

(i) 300ppm   (ii) 600 ppm
 
(c) Soyasaponin III treatment for 72 hours

(i) 300ppm   (ii) 600 ppm
 
(d) Soyasapogenol B treatment for 72 hours

(i) 50 ppm   (ii) 100 ppm 
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Morphological effects of treatment with different concentrations of Soyasaponin I

(b) Soyasaponin I treatment for 72 hours 

 
00 ppm    (iii) 900 ppm 

treatment for 72 hours 

 
00 ppm    (iii) 900 ppm 

(d) Soyasapogenol B treatment for 72 hours 

 
100 ppm     (iii) 150 ppm 

of Soyasaponin I, III, 
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Figure 7. Example of typical growth curves in a proliferation assay.  Figure taken from Oh et.al., 
2001 [66] 
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Table 4. Reduction of PKC by soyasaponins I, III, and sapogenol B 

Data represents the percent reduction (%) compared with control (cells+100ng/ml TPA) and the 
standard error of the mean (SEM) (n = 3). Values in a column without common superscripts are 
significantly different (p < 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment 
Conc. 
(ppm) 

 Percent Reduction 
(%) SEM 

Soyasaponin I 300  9.1a 1.82 

 600  16.4b 1.82 

 900  27.3c 1.82 

Soyasaponin III 300  18.2b 3.15 

 600  32.7c 1.82 

 900  40.0d 3.15 

Soyasapogenol B 50  56.4e 3.15 

 100  65.5f 1.82 

 150  70.9f 1.82 



 

44 

 

Literature Cited 
1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ: Cancer statistics, 2009. CA: a 

cancer journal for clinicians 2009, 59(4):225. 
 
2. Lynch HT, de la Chapelle A: Hereditary colorectal cancer. The New England journal of 

medicine 2003, 348(10):919. 
 
3. Parkin DM: International variation . Oncogene 2004, 23(38):6329-6340. 
 
4. Wiseman M: The second World Cancer Research Fund/American Institute for 

Cancer Research expert report. Food, nutrition, physical activity, and the 
prevention of cancer: a global perspective. Proceedings of the Nutrition Society 2008, 
67(03):253-256. 

 
5. Fearon ER, Vogelstein B: A genetic model for colorectal tumorigenesis. Cell 1990, 

61(5):759-767. 
 
6. Kinzler KW, Vogelstein B: Lessons from hereditary colorectal cancer. Cell 1996, 

87(2):159-170. 
 
7. Arnold CN, Goel A, Blum HE, RichardBoland C: Molecular pathogenesis of colorectal 

cancer. Cancer 2005, 104(10):2035-2047. 
 
8. Easwaran V, Song V, Polakis P, Byers S: The ubiquitin-proteasome pathway and 

serine kinase activity modulate adenomatous polyposis coli protein-mediated 
regulation of beta-catenin-lymphocyte enhancer-binding factor signaling. Journal of 
Biological Chemistry 1999, 274(23):16641. 

 
9. Luchtenborg M, Weijenberg MP, Roemen GMJM, de Bruine AP, van den Brandt PA, 

Lentjes MHFM, Brink M, van Engeland M, Goldbohm RA, de Goeij AFPM: APC 
mutations in sporadic colorectal carcinomas from The Netherlands Cohort Study. 
Carcinogenesis 2004, 25(7):1219. 

 
10. Ilyas M, Tomlinson IPM: The interactions of APC, E-cadherin and β-catenin in 

tumour development and progression. The Journal of pathology 1997, 182(2):128-137. 
 
11. Ilyas M, Tomlinson IPM, Rowan A, Pignatelli M, Bodmer WF: β-Catenin mutations in 

cell lines established from human colorectal cancers. Proceedings of the National 
Academy of Sciences of the United States of America 1997, 94(19):10330. 

 
12. Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC, Jessup JM, VanTuinen P, 

Ledbetter DH, Barker DF, Nakamura Y: Chromosome 17 Deletions an p 53 Gene 
Mutations in Colorectal Carcinomas. Science(Washington) 1989, 244(4901):217-217. 

 



 

45 

 

13. Yamaguchi A, Makimoto K, Goi T, Takeuchi K, Maehara M, Isobe Y, Nakagawara G: 
Overexpression of p53 protein and proliferative activity in colorectal adenoma. 
Oncology 1994, 51(3):224-227. 

 
14. Yamaguchi M, Hayashi Y, Matsuoka S, Takahashi T, Matsukage A: Differential effect 

of p53 on the promoters of mouse DNA polymerase β gene and proliferating-cell-
nuclear-antigen gene. European Journal of Biochemistry 1994, 221(1):227-237. 

 
15. Bird RP: Role of aberrant crypt foci in understanding the pathogenesis of colon 

cancer. Cancer letters 1995, 93(1):55-71. 
 
16. Lipkin M: Biomarkers of increased susceptibility to gastrointestinal cancer: new 

application to studies of cancer prevention in human subjects. Cancer research 1988, 
48(2):235. 

17. Lipkin M, Reddy B, Newmark H, Lamprecht SA: Dietary Factors In Human 
Colorectal Cancer. Annual Review of Nutrition 1999, 19(1):545-586. 

 
18. Bird RP, Good CK: The significance of aberrant crypt foci in understanding the 

pathogenesis of colon cancer. Toxicology letters 2000, 112(Journal Article):395-402. 
 
19. Caderni G, Giannini A, Lancioni L, Luceri C, Biggeri A, Dolara P: Characterisation of 

aberrant crypt foci in carcinogen-treated rats: association with intestinal 
carcinogenesis. British journal of cancer 1995, 71(4):763. 

 
20. McLellan EA, Medline A, Bird RP: Sequential analyses of the growth and 

morphological characteristics of aberrant crypt foci: putative preneoplastic lesions. 
Cancer research 1991, 51(19):5270. 

 
21. Pretlow TP: Aberrant crypt foci and K-ras mutations: earliest recognized players or 

innocent bystanders in colon carcinogenesis? Gastroenterology 1995, 108(2):600-603. 
 
22. Pretlow TP, Barrow BJ, Ashton WS, O'Riordan MA, Pretlow TG, Jurcisek JA, Stellato 

TA: Aberrant crypts: putative preneoplastic foci in human colonic mucosa. Cancer 
research 1991, 51(5):1564. 

 
23. Roncucci L, Medline A, Bruce WR: Classification of aberrant crypt foci and 

microadenomas in human colon. Cancer Epidemiology Biomarkers & Prevention 1991, 
1(1):57. 

 
24. Roncucci L, Modica S, Pedroni M, Tamassia MG, Ghidoni M, Losi L, Fante R, Di 

Gregorio C, Manenti A, Gafa L: Aberrant crypt foci in patients with colorectal 
cancer. British journal of cancer 1998, 77(12):2343. 

 
25. Roncucci L, Stamp D, Medline A, Cullen JB, Robert Bruce W: Identification and 

quantification of aberrant crypt foci and microadenomas in the human colon. 
Human pathology 1991, 22(3):287-294. 



 

46 

 

26. Bird RP: Observation and quantification of aberrant crypts in the murine colon 
treated with a colon carcinogen: preliminary findings. Cancer letters 1987, 37(2):147-
151. 

 
27. Schottenfeld D, Beebe-Dimmer J: Advances In Cancer Epidemiology: Understanding 

Causal Mechanisms and the Evidence for Implementing Interventions. Annual 
Review of Public Health 2005, 26(1):37-60. 

 
28. Yeole BB, Kurkure AP, Koyande SS: Geographic variation in cancer incidence and its 

patterns in urban Maharashtra, 2001. Asian Pacific Journal of Cancer Prevention 
2006, 7(3):385. 

 
29. Kolonel LN, Hinds MW, Hankin JH: Genetic and environmental factors in 

experimental and human cancer. Japan Scientific Societies Press: Tokyo, Japan 
1980(Journal Article):327–340. 

 
30. McMichael AJ, McCall MG, Hartshore JM, Woodings TL: Patterns of gastro-intestinal 

cancer in European migrants to Australia: the role of dietary change. International 
Journal of Cancer 1980, 25(4):431-437. 

 
31. Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB: Cancer Incidence in Five 

Continents Vol VIII. IARC Scientific publication No 155. Lyon: International Agency 
for Research on Cancer 2002(Journal Article). 

 
32. Perera FP: Environment and cancer: who are susceptible? Science 1997, 

278(5340):1068. 
 
33. Potter JD: Colorectal cancer: molecules and populations. JNCI Journal of the National 

Cancer Institute 1999, 91(11):916. 
 
34. Birt DF, Hendrich S, Wang W: Dietary agents in cancer prevention: flavonoids and 

isoflavonoids. Pharmacology & therapeutics 2001, 90(2-3):157-177. 
 
35. Messina M, Barnes S: The role of soy products in reducing risk of cancer. JNCI 

Journal of the National Cancer Institute 1991, 83(8):541. 
 
36. Messina MJ, Persky V, Setchell KDR, Barnes S: Soy intake and cancer risk: a review 

of the in vitro and in vivo data. Nutrition and cancer 1994, 21(2):113-131. 
 
37. Akhter M, Inoue M, Kurahashi N, Iwasaki M, Sasazuki S, Tsugane S: Dietary Soy and 

Isoflavone Intake and Risk of Colorectal Cancer in the Japan Public Health Center–
Based Prospective Study. Cancer Epidemiology Biomarkers & Prevention 2008, 
17(8):2128. 

 
38. Messina M, Nagata C, Wu AH: Estimated Asian adult soy protein and isoflavone 

intakes. Nutrition and cancer 2006, 55(1):1-12. 



 

47 

 

39. Nagata C, Nakamura K, Oba S, Hayashi M, Takeda N, Yasuda K: Association of intakes 
of fat, dietary fibre, soya isoflavones and alcohol with uterine fibroids in Japanese 
women. British Journal of Nutrition 2008, 101(10):1427-1431. 

 
40. Takata Y, Maskarinec G, Franke A, Nagata C, Shimizu H: A comparison of dietary 

habits among women in Japan and Hawaii. Public health nutrition 2007, 7(02):319-
326. 

 
41. Shi J, Arunasalam K, Yeung D, Kakuda Y, Mittal G, Jiang Y: Saponins from edible 

legumes: Chemistry, processing, and health benefits. Journal of medicinal food 2004, 
7(1):67-78. 

 
42. Oleszek W, Marston A: Saponins in food, feedstuffs and medicinal plants: Springer 

Netherlands; 2000. 
 
43. Waller GR, Hostettman K, Marston A: Saponins: Chemistry and Pharmacology of 

Natural Products. Journal of the American Chemical Society 1996, 118(35):8509. 
 
44. Gestetner B: A Rapid Paper Chromatographic Method for Separation and 

Identification of Soybean Sapogenols. Journal of chromatography 1964, 13(Journal 
Article):259-261. 

 
45. Ireland PA, Dziedzic SZ: Effect of hydrolysis on sapogenin release in soy. Journal of 

Agricultural and Food Chemistry 1986, 34(6):1037-1041. 
 
46. Ireland PA, Dziedzic SZ: Analysis of soybean sapogenins by high-performance liquid 

chromatography. Journal of Chromatography A 1985, 325(Journal Article):275-281. 
 
47. Smith HM, Smith JM, Spring FS: The triterpenoids--LVI:: The chemistry of the 

soyasapogenols A, B and C. Tetrahedron 1958, 4(1-2):111-131. 
 
48. Kudou S, Tonomura M, Tsukamoto C, Uchida T, Sakabe T, Tamura N, Okubo K: 

Isolation and structural elucidation of DDMP-conjugated soyasaponins as genuine 
saponins from soybean seeds. Bioscience, biotechnology, and biochemistry 1993, 
57(4):546-550. 

 
49. Hu J, Lee SO, Hendrich S, Murphy PA: Quantification of the group B soyasaponins by 

high-performance liquid chromatography. JAgricFood Chem 2002, 50(9):2587-2594. 
 
50. Tsujino Y, Tsurumi S, Yoshida Y, Niki E: Antioxidative effects of dihydro-gamma-

pyronyl-triterpenoid saponin (chromosaponin I). Bioscience, biotechnology, and 
biochemistry 1994, 58(9):1731-1732. 

 
51. Yoshiki Y, Kahara T, Okubo K, Sakabe T, Yamasaki T: Superoxide-and 1, 1-diphenyl-

2-picrylhydrazyl radical-scavenging activities of soyasaponin β g related to gallic 
acid. Bioscience, biotechnology, and biochemistry 2001, 65(10):2162-2165. 



 

48 

 

52. Yoshiki Y, Okubo K: Active oxygen scavenging activity of DDMP (2, 3-dihydro-2, 5-
dihydroxy-6-methyl-4H-pyran-4-one) saponin in soybean seed. Biosciences 
Biotechnology and Biochemistry 1995, 59(8):1556-1557. 

 
53. Yoshikoshi M, Yoshiki Y, Okuba K, Seto J, Sasaki Y: Prevention of hydrogen 

peroxide damage by soybean saponins to mouse fibroblasts. Planta Medica 1996, 
62(Journal Article):252-255. 

 
54. Lee SO, Simons AL, Murphy PA, Hendrich S: Soyasaponins lowered plasma 

cholesterol and increased fecal bile acids in female golden Syrian hamsters. 
Experimental biology and medicine 2005, 230(7):472. 

 
55. Oakenfull DG, Topping DL, Illman RJ, Fenwick DE: Prevention of dietary 

hypercholesterolaemia in the rat by soya bean and quillaja saponins. Nutr Rep Int 
1984, 29(Journal Article):1039-1041. 

 
56. Ikeda T, Udayama M, Okawa M, Arao T, Kinjo J, Nohara T: Partial hydrolysis of 

soyasaponin I and the hepatoprotective effects of the hydrolytic products. Study of 
the structure-hepatoprotective relationship of soyasapogenol B analogs. Chemical 
and Pharmaceutical Bulletin 1998, 46(2):359-361. 

 
57. Kinjo J, Imagire M, Udayama M, Arao T, Nohara T: Structure-hepatoprotective 

relationships study of soyasaponins I-IV having soyasapogenol B as aglycone. Planta 
Medica 1998, 64(Journal Article):233-236. 

 
58. Miyao H, Arao T, Udayama M, Kinjo J, Nohara T: Kaikasaponin III and Soyasaponin 

I, Major Triterpene Saponins of Abrus cantoneiensis, act on GOT and GPT: 
Influence of Transaminase Elevation of Rat Liver Cells Concomitantly Exposed to 
CCl~ 4 for One Hour. Planta Medica 1998, 64(Journal Article):5-7. 

 
59. Hayashi K, Hayashi H, Hiraoka N, Ikeshiro Y: Inhibitory activity of soyasaponin II on 

virus replication in vitro . Planta Medica 1997, 63(Journal Article):102-105. 
 
60. Nakashima H, Okubo K, Honda Y, Tamura T, Matsuda S, Yamamoto N: Inhibitory 

effect of glycosides like saponin from soybean on the infectivity of HIV in vitro . Aids 
1989, 3(10):655. 

 
61. Kinjo J, Nohara T: Bioactive oleanene glucuronides obtained from fabaceous plants. 

Studies in Natural Products Chemistry 2001, 25(Journal Article):89-124. 
 
62. Wenyan D, Dongping Z, Xueming G: Enhancement Effect of Total Soyasaponin on 

Immune Function. Chinese Cereals and Oils Association 2001(Journal Article). 
 
63. Tsai CY, Chen YH, Chien YW, Huang WH, Lin SH: Effect of soy saponin on the 

growth of human colon cancer cells. World Journal of Gastroenterology: WJG 2010, 
16(27):3371. 



 

49 

 

64. Kim HY, Yu R, Kim JS, Kim YK, Sung MK: Antiproliferative crude soy saponin 
extract modulates the expression of I [kappa] B [alpha], protein kinase C, and 
cyclooxygenase-2 in human colon cancer cells. Cancer letters 2004, 210(1):1-6. 

 
65. Oh YJ, Sung MK: Soybean saponins inhibit cell proliferation by suppressing PKC 

activation and induce differentiation of HT-29 human colon adenocarcinoma cells. 
Nutrition and cancer 2001, 39(1):132-138. 

 
66. Rao AV, Sung MK: Saponins as anticarcinogens. Journal of Nutrition 1995, 125(3 

Suppl):717S. 
 
67. Sung MK, Kendall CW, Koo MM, Rao AV: Effect of soybean saponins and 

gypsophilla saponin on growth and viability of colon carcinoma cells in culture . 
Nutrition and cancer 1995, 23(3):259-270. 

 
68. Sung MK, Kendall CWC, Rao AV: Effect of soybean saponins and gypsophila 

saponin on morphology of colon carcinoma cells in culture. Food and Chemical 
Toxicology 1995, 33(5):357-366. 

 
69. Bachran C, Bachran S, Sutherland M, Bachran D, Fuchs H: Saponins in Tumor 

Therapy. Mini Reviews in Medicinal Chemistry 2008, 8(6):575-584. 
 
70. Berhow MA, Wagner ED, Vaughn SF, Plewa MJ: Characterization and antimutagenic 

activity of soybean saponins. Mutation Research/Fundamental and Molecular 
Mechanisms of Mutagenesis 2000, 448(1):11-22. 

 
71. Ellington AA, Berhow M, Singletary KW: Induction of macroautophagy in human 

colon cancer cells by soybean B-group triterpenoid saponins. Carcinogenesis 2005, 
26(1):159. 

 
72. Ellington AA, Berhow MA, Singletary KW: Inhibition of Akt signaling and enhanced 

ERK1/2 activity are involved in induction of macroautophagy by triterpenoid B-
group soyasaponins in colon cancer cells. Carcinogenesis 2006, 27(2):298. 

 
73. Gurfinkel DM, Rao AV: Soyasaponins: the relationship between chemical structure 

and colon anticarcinogenic activity. Nutrition and cancer 2003, 47(1):24-33. 
 
74. Hu J, Reddy MB, Hendrich S, Murphy PA: Soyasaponin I and Sapongenol B Have 

Limited Absorption by Caco-2 Intestinal Cells and Limited Bioavailability in 
Women 1. Journal of Nutrition 2004, 134(8):1867-1873. 

 
75. Hu J, Zheng YL, Hyde W, Hendrich S, Murphy PA: Human fecal metabolism of 

soyasaponin I. JAgricFood Chem 2004, 52(9):2689-2696. 
 
76. Koratkar R, Rao AV: Effect of soya bean saponins on azoxymethane-induced 

preneoplastic lesions in the colon of mice. Nutrition and cancer 1997, 27(2):206-209. 



 

50 

 

77. MacDonald RS, Guo JY, Copeland J, Browning Jr JD, Sleper D, Rottinghaus GE, 
Berhow MA: Environmental influences on isoflavones and saponins in soybeans and 
their role in colon cancer. Journal of nutrition 2005, 135(5):1239. 

 
78. Thiagarajan DG, Bennink MR, Bourquin LD, Kavas FA: Prevention of precancerous 

colonic lesions in rats by soy flakes, soy flour, genistein, and calcium. American 
Journal of Clinical Nutrition 1998, 68(6):1394S. 

 
79. Hakkak R, Korourian S, Ronis MJJ, Johnston JM, Badger TM: Soy protein isolate 

consumption protects against azoxymethane-induced colon tumors in male rats. 
Cancer letters 2001, 166(1):27-32. 

 
80. Rao CV, Wang CX, Simi B, Lubet R, Kelloff G, Steele V, Reddy BS: Enhancement of 

experimental colon cancer by genistein. Cancer research 1997, 57(17):3717. 
 
81. Sidhu GS, Oakenfull DG: A mechanism for the hypocholesterolaemic activity of 

saponins. British journal of nutrition 2007, 55(03):643-649. 
 
82. Oakenfull D, Sidhu GS: Could saponins be a useful treatment for 

hypercholesterolaemia? European journal of clinical nutrition 1990, 44(1):79-88. 
 
83. Oakenfull DG: Aggregation of saponins and bile acids in aqueous solution. 

AustJChem 1986, 39(10):1671-1683. 
 
84. Potter JD, Illman RJ, Calvert GD, Oakenfull DG, Topping DL: Soya saponins, plasma 

lipids, lipoproteins and fecal bile acids: a double blind cross-over study. NutrRepInt 
1980, 22(Journal Article):521-528. 

 
85. Nagengast FM, Grubben M, Van Munster IP: Role of bile acids in colorectal 

carcinogenesis. European journal of cancer 1995, 31(7-8):1067-1070. 
 
86. Kanagalingam K, Strause E: Influence of lithocholic acid on 2-aminoanthracene-

induced alterations in DNA synthesis in rat tissues in vivo. Cancer biochemistry 
biophysics 1980, 4(3):159-166. 

 
87. Kulkarni MS, Heidepriem PM, Yielding KL: Production by lithocholic acid of DNA 

strand breaks in L1210 cells. Cancer research 1980, 40(8 Part 1):2666. 
 
88. Rafter JJ, Eng VW, Furrer R, Medline A, Bruce WR: Effects of calcium and pH on the 

mucosal damage produced by deoxycholic acid in the rat colon. Gut 1986, 
27(11):1320. 

 
89. Nishizuka Y: The role of protein kinase C in cell surface signal transduction and 

tumour promotion . 1984(Journal Article). 



 

51 

 

90. Craven PA, Pfanstiel J, DeRubertis FR: Role of activation of protein kinase C in the 
stimulation of colonic epithelial proliferation and reactive oxygen formation by bile 
acids. Journal of Clinical Investigation 1987, 79(2):532. 

 
91. Lapre JA, Van der Meer R: Diet-induced increase of colonic bile acids stimulates lytic 

activity of fecal water and proliferation of colonic cells. Carcinogenesis 1992, 
13(1):41. 

 
92. Vahouny GV, Satchithanandam S, Lightfoot F, Grau L, Haas-Smith S, Kritchevsky D, 

Cassidy MM: Morphological disruption of colonic mucosa by free or cholestyramine-
bound bile acids. Digestive diseases and sciences 1984, 29(5):432-442. 

 
93. Van Munster IP, Tangerman A, De Haan AFJ, Nagengast FM: A new method for the 

determination of the cytotoxicity of bile acids and aqueous phase of stool: the effect 
of calcium. European journal of clinical investigation 1993, 23(12):773-777. 

 
94. Gestetner B, Birk Y, Tencer Y: Soybean saponins. Fate of ingested soybean saponins 

and the physiological aspect of their hemolytic activity. Journal of Agricultural and 
Food Chemistry 1968, 16(6):1031-1035. 

 
95. Yoshikoshi M, Kahara T, Yoshiki Y, Furukawa Y, Okubo K, Amarowicz R, Ito M: 

Metabolism and nonabsorption of soybean hypocotyl saponins in the rat model. Acta 
Alimentaria 1995, 24(4):355-364. 

 
96. Malinow MR, McNulty WP, McLaughlin P, Stafford C, Burns AK, Livingston AL, 

Kohler GO: The toxicity of alfalfa saponins in rats. Food and cosmetics toxicology 
1981, 19(Journal Article):443-445. 

 
97. Ishaaya I, Birk Y, Bondi A, Tencer Y: Soyabean saponins IX.-Studies of their effect on 

birds, mammals and cold-blooded organisms. Journal of the science of food and 
agriculture 1969, 20(7):433-436. 

 
98. Murphy PA, Hu J, Barua K, Hauck CC: Group B Saponins in Soy Products in the US 

Department of Agriculture Iowa State University Isoflavone Database and Their 
Comparison with Isoflavone Contents. JAgricFood Chem 2008, 56(18):8534-8540. 

 
99. Wei Zhang SPT, David G. Popovich: Generation of Group B Soyasaponins I and III 

by Hydrolysis. JAgricFood Chem 2009(57):3620-3625. 
 

 


