REFERENCES

Adeneye, A.A., Ajagbonna, O.P., Adeleke, T.I., and Bello, S.O. (2006). Preliminary
toxicity and phytochemical studies of the stem bark aqueous extract of Musanga

cecropioides in rats. J Ethnopharmacol 105, 374-379.
Aebi, H., (1984). Catalase in vitro. Methods Enzymol 105, 121-126.

Akerboom, T.P., and Sies, H. (1981). Assay of glutathione, glutathione disulfide, and
glutathione mixed disulfides in biological samples. Methods Enzymol 77, 373-382.

Amida, M.B., Yemitan, O.K., and Adeyemi, O.0. (2007). Toxicological assessment
of the aqueous root extract of Sanseviera liberica Gerome and Labroy (Agavaceae). J

Ethnopharmacol 113, 171-175.

Banerjee, A., Dasgupta, N., and De, B. (2005). In vitro study of antioxidant activity of
Syzygium cumini fruit. Food Chem 90, 727-733.

Bartsch, H., Hietanen, E., and Malavelle, C. (1989). Carcinogenic nitrosamines: free

radical aspects of the reaction. Free Radic Biol Med 7, 637-639.

Bhat, T.A., and Singh, R.P. (2008). Tumor angiogenesis-a potential target in cancer
chemoprevention. Food Chem Toxicol 46, 1334-1345.

Block, G., Patterson, B., and Subar, A. (1992). Fruit, vegetables, and cancer

prevention: a review of the epidemiological evidence. Nutr Cancer 18, 1-29.

Boitier, E., Boudia, M.M., Guillouzo, C.G., Defer, N., Picot,I.C., Leroux, J.P., and
Marsac, C. (1995). Impairment of the mitochondrial respiratory chain activity in

diethylnitrosamine induced rat hepatoma: possible involvement of oxygen free
radicals. Cancer Res 55, 3028-3035.



79

Braca, A., Tommasi, N.D., Bari, L.D., Pizza, C., Politi, M., and Morelli, 1. (2001).
Antioxidant principles from Bauhinia terapotensis. J Nat Prod 64, 892-895.

Butterworth, B.E., Conolly, R.B.,, and Morgan, K.T. (1995). A strategy for
establishing mode of action of chemical carcinogens as a guide for approaches to risk

assessments). Cancer Lett 93, 129-146.

Cao, G., Muccitelli, H.U., Sanchez-Moreno, C., and Prior, R.L. (2001). Anthocyanins
are absorbed in glycated forms in elderly women: a pharmacokinetic study. 4m J Clin

Nutr 73, 920-926.

Carlberg 1., and Mannervik B. (1985). Glutathione reductase assay. Methods Enzymol
113, 484-495.

Chakraborty, T., Chatterjee, A., Rana, A., Srivastawa, S., Damodaran, S., and
Chatterjee, M. (2007). Cell proliferation and hepatocarcinogenesis in rat initiated by
diethylnitrosamine and promoted by phenobarbital: Potential roles of early DNA

damage and liver metallothionein expression. Life Sci 81, 489-499.

Chandra, J., Samali, A., and Orrenius, S. (2000). Triggering and modulation of
apoptosis by oxidative stress. Free Rad Biol Med 29, 323-333.

Chen, C., and Kong, A.T. (2005). Dietary cancer-chemopreventive compounds: from
signaling and gene expression to pharmacological effects. Trends Pharmacol Sci 26,
318-326.

Chen, C.Y., Jang, J.H., Li, M.H., and Surh, Y.J. (2005). Resveratrol upregulates heme
oxygenase-1 expression via activation of NF-E2-related factor 2 in PCI2 cells.

Biochem Biophys Res Comm 331, 993-1000.

Cheng, Z., Li, Y., and Chang, Wenbao. (2003). Kinetic deoxyribose degradation assay
and its application in assessing the antioxidant activities of phenolic compounds ina

Fenton-type reaction system. Analyt Chim Acta 478, 129-137.



80

Chrungoo, V.J., Singh, K., and Singh, J. (1997). Silymarin mediated differential
modulation of toxicity induced by carbon tetrachloride, paracetamol and D-

galactosamine in freshly isolated rat hepatocytes. Indian J Exp Biol 35, 611-617.

Chu, Y.H.,, Chang, C.L., and Hsu, H.F. (2000). Flavonoid content of several
vegetables and their antioxidant activity. J Sci Food Agric 80, 561-566.

Cooke, D., Steward, W.P., Gescher, A.J., and Marczylo, T. (2005). Anthocyans from
fruits and vegetables-does bright colour signal cancer chemopreventive activity?. Eur

J Cancer 41, 1931-1940.

Cotgreave, I.A., Moldéus, P., and Orrenius, S. (1988). Host biochemical defense

mechanisms against prooxidants. Annu Rev Pharmacol Toxicol 28, 189-212.

Cotgreave, I.A., and Gerdes, R.G. (1998). Recent trends in glutathione biochemistry
glutathione- protein interactions: a molecular link between oxidative stress and cell

proliferation?. Biochem Biophys Res Comm 242, 1-9.

De Flora, S., and Ferguson, L.R. (2005). Overview of mechanisms of cancer

chemopreventive agents. Mutat Res 591, 8-15.

Dhiman, R.K., and Chawla, Y.K. (2005). Herbal medicines for liver diseases. Dig Dis
Sci 50, 1807-1812.

Dias, M.C., Rodrigues, M.A M., Reimberg, M.C.H., and Barbisan, L.F. (2008).
Protective effects of Ginkgo biloba against rat liver carcinogenesis. Chem Biol
Interact 173, 32-42.

Ding, M., Feng, R., Wang, S. Y., Bowman, L., Lu, Y., Qian, Y., Castranova, V.,
Jiang, B. H., and Shi, X. (2006). Cyanidin-3-glucoside, a natural product derived from
blackberry, exhibits chemopreventive and chemotherapeutic activity. J Biol Chem
281, 17359-17368.



81

Du, G., Li, M., Ma, F., and Liang, D. (2009). Antioxidant capacity and the
relationship with polyphenol and vitamin C in Actinidia fruits. Food Chem 113, 557-
562.

Duh, P. (1999). Antioxidant activity of water extract of four Harng Jyur

(Chrysanthemum morifolium Ramat.) varieties in soybean oil emulsion. Food Chem
66, 471-476.

Dvorak, Z., Kosina, P., Walterova, D., Simanek, V., Bachleda, P., and Ulrichova, J.
(2003). Primary cultures of human hepatocytes as a tool in cytotoxicity studies: cell

protection against model toxins by flavonolignans obtained from Silybum marianum.

Toxicol Lett 137,201-212.

Emmons, C.L., Peterson, M.D., and Paul, G.L. (1999). Antioxidant capacity of oat
(Avena sativa L.) extracts. 2. In vitro antioxidant activity and contents of phenolic and
total antioxidants. J Agric Food Chem 47, 4894-4898.

Esterbauer, H., Schaur, R.J., and Zollner, H. (1991). Chemistry and biochemistry of 4-
hydroxynonenal, malonaldehyde and related aldehydes. Free Rad Biol Med 11, 81-
128.

Evans, M.D., Dizdaroglu, M., and Cooke, M.S. (2004). Oxidative DNA damage and

disease: induction, repair, and significance. Mutat Res 567, 1-61.

Farombi, E.O., Shrotriya, S., Na, H.K., Kim, S.H., and Surh, Y.J. (2008). Curcumin
attenuates dimethylnitrosamine-induced liver injury in rats through Nrf2-mediated

induction of heme oxygenase-1. Food Chem Toxicol 46, 1279-1287.

Favari, L., and Perez-Alvarez, V. (1997). Comparative effects of colchicine and

silymarin on CCls-chronic liver damage in rats. Arch Med Res 28, 11-17.

Felgines, C., Texier, O., Besson, C., Fraisse, D., Lamaison, J.L. and Rémésy, C.
(2002). Blackberry anthocyanins are slightly bioavailable in rats. J Nutr 132, 1249-
1253,



82

Feng, Q., Kumagai, T., Torii,Y., Nakamura, Y., Osawa,T., Uchida, K. (2001).
Anticarcinogenic antioxidants as inhibitors against intracellular oxidative stress. Free
Rad Res 35, 779-788.

Feng, R., Ni, H.M., Wang, S.Y., Tourkova, LL., Shurin, M.R., Harada, H., and Yin,
X.M. (2007). Cyanidin-3-rutinoside, a natural polyphenol antioxidant, selectively kills
leukemic cells by induction of oxidative stress. J Biol Chem 282, 13468-13476.

Féres, C.A.O., Madalosso, R.C., Rocha, O.A., Leite, J.P.V., Guimardes, T.M.D.P.,
Toledo, V.P.P., and Tagliati, C.A. (2006). Acute and chronic toxicological studies of

Dimorphandra mollis in experimental animals. J Ethnopharmacol 108, 450-456.

Fimognari, C., Berti, F., Nusse, M., Cantelli-Forti, G., and Hrelia, P. (2004).
Induction of apoptosis in two human leukemia cell lines as well as differentiation in

human promyelocytic cells by cyanidin-3-O-B-glucopyranoside. Biochem Pharmacol
67, 2047-2056.

Franco, R., Schoneveld, O., Georgakilas, A.G., and Panayiotidis, M.I. (2008).

Oxidative stress, DNA methylation and carcinogenesis. Cancer Lett 266, 6-11.

Fujiwara, Y. (2003). Plasma levels of thiobarbituric acid reactive substances (TBARs)
of the employee with type 2 diabetes mellitus with multiple lacunar lesions. JJOMT
51, 3-10.

Fukushima, S., Morimura, K., Wanibuchi, H., Kinoshita, A., and Salim, E.I. (2005).
Current and emerging challenges in toxicopathology: Carcinogenic threshold of
phenobarbital and proof of arsenic carcinogenicity using rat medium-term bioassays

for carcinogens. Toxicol Appl Pharmacol 207, S225-S229.

Fukushima, S., Wanibuchi, H., Morimura, K., Nakae, D., Tsuda, H., Imaida, K,
Shirai, T., Tatematsu, M., Tsukamoto, T., Hirose, M., and Furukawa, F. (2005). Lack
of potential of low dose N-nitrosodimethylamine to induce preneoplastic lesions,

glutathione-S-transferase placental form-positive foci, in rat liver. Cancer Lett 222,
11-15.



A wwm

83

Gastani, G.F., Kirkman, H.N., Mangerini, R., and Ferraris, A.M. (1994). Importance
of catalase in the disposal of hydrogen peroxide within human erythrocytes. Blood 84,
325-330.

Gee, J.M., Du Pont, M.S., Day, A.J., Plumb, G.W., Willianson, G., and Johnson, L.T.
(2000). Intestinal transport of quercetin glycosides in rats involves both

deglycosylation and interaction with the hexose transport pathway. J Nutr 130, 2765-
2771.

Ghiselli, A., Nardini, M., Baldi, A., and Scaccini, C. (1998). Antioxidant activity of
different phenolic fractions separated from an Italian red wine. J Agric Food Chem
46, 361-367.

Gopalakrishnan,A., and Tony Kong, A.N. (2008). Anticarcinogenesis by dietary
phytochemicals: cytoprotection by Nrf2 in normal cells and cytotoxicity by
modulation of transcription factors NF-xB and AP-1 in abnormal cancer cells. Food

Chem Toxicol 46, 1257-1270.

Grant, W.F., and Salamone, M.F. (1994). Comparative mutagenicity of chemicals
selected for test in the International Program on Chemical Safety’s collaborative study

on plant systems for the detection of environmental mutagens. Mutat Res 310, 187-
209.

Grinberg, L.N., Newmark, H., Kitrossky, N., Rahamim, E. Chewion, M. and
Rachmilewitz, E.A. (1997). Protective effects of tea polyphenols against oxidative
damage to red blood cells. Biochem Pharmacol 54, 973-978.

Gutteridge, J.M. (1987). Ferrous-salt-promoted damage to deoxyribose and benzoate-
The increased effectiveness of hydroxyl-radical scavangers in the presence of EDTA.
Biochem J 243, 709-714.

Gutteridge, J.M. (1994). Antioxidants, nutritional supplement and life-threatening
Diseases. Br J Biomed Sci 51, 288-295.



84

Halliwell, B. (2007). Oxidative stress and cancer: have we moved forward?. Biochem
J401, 1-11.

Hassimotto, N.M.A., Genovese, M.L., and Lajolo, F.M. (2005). Antioxidant activity of
dietary fruits, vegetables, and commercial frozen fruit pulps. J Agric Food Chem 53,
2928-2935.

Hatano T., Takagi M., Ito H., and Yoshida T. (1997). Phenolic constituents of
liquorice. VII. A new calcone with a potent radical scavenging activity and

accompanying phenols. Chem Pharm Bull 45, 1485-1492.

Herlich, P., and Bohner, F.D. (2000). Redox regulation of signal transduction in

mammalian cells. Biochem Pharmacol 59, 35-41.

Higashi, K., Hiai, H., Higashi, T., and Muramatsu, M. (2004). Regulatory mechanism
of glutathione S-transferase P-form during chemical hepatocarcinogenesis: old wine

in a new bottle. Cancer Lett 209, 155-163.

Hodek, P., Kiizkova, J., Burdova, K., Sulc, M., Kizek, R., Hude&ek, J., and Stiborova,
M. (2009). Chemopreventive compounds-view from the other side. Chem Biol
Interact 180, 1-9.

Hollman, P.C.H., Hertog, M.G.L., and Katan, M.B. (1996). Analysis and health
effects of flavonoids. Food Chem 57, 43-46.

Hollman, P.C., and Katan, M.B. (1999). Dietary flavonoids; intake, health effects and
bioavailability. J Agric Food Chem 37, 937-942.

Hou, D.X. (2003). Potential mechanisms of cancer chemoprevention by
anthocyanins. Curr Mol Med 3, 149-159.

Hou, D.X., Fuyjii, M., Terahara,N., and Yoshimoto,M. (2004). Molecular mechanisms
behind the chemopreventive effects of anthocyanidins. J Biomed Biotechnol 5, 321-
325.



85

Hou, D.X., Yanagita, T. Uto, T., Masuzaki, S., and Fujii, M. (2005). Anthocyanidins
inhibit cyclooxygenase-2 expression in LPS-evoked macrophages: Structure-activity

relationship and molecular mechanisms involved. Biochem Pharmacol 70, 417-425.

Hyun, J.W., and Chung, H.S. (2004). Cyanidin and malvidin from Oryza sativa cv.
Heugjinjubyeo mediate cytotoxicity against human monocytic leukemia cells by
arrest of G (2)/M phase and induction of apoptosis. J Agric Food Chem 52, 2213-
2215

Ichiyanagi, T., Ishida, Y., Rahman, M.M., Hatano, Y., Matsumoto, H., Hirayama, M.,
and Konishi, T. (2005). Metabolic pathway of cyanidin-3-O-B-glucopyranoside in
rats. J Agric Food Chem 53, 145-150.

Ishidate, M.Jr., Harnois, M.C., and Sofuni, T. (1988). A comparative analysis of data
on the clastogenicity of 951 chemical substances tested in mammalian cell cultures.
Mutat Res 195, 151-213.

Ito, N., Tsuda, H., Tatematsu, M., Inoue, T., Tagawa, Y., Aoki, T., Uwagawa, S.,
Kagawa, M., Ogiso, T., Masui, T., Imaida, K., Fukushima, S., and Asamoto, M.
(1988). Enhancing effect of various hepatocarcinogens on induction of preneoplastic
glutathione S-transferase placental form positive foci in rats-an approach for a new

medium-term bioassay system. Carcinogenesis 9, 387-394.

Ito, K., Hirao, A., Arai, F., Takubo, K., Matsuoka, S., Miyamoto, K., Ohmura, M.,
Naka, K., Hosokawa, K., Ikeda, Y., and Suda, T. (2006). Reactive oxygen species act
through p38 MAPK to limit the life-span of hematopoietic stem cells. Nat Med 12,
446-451.

Jansom, C., Bhamarapravati, S., and Itharat, A. (2008). Major anthocyanin from ripe
berries of Cleistocalyx nervosum var. paniala. Thammasat Medical Journal 8, 364-
370.



86

Jeyabal, P.V.S., Syed, M.B., Venkataraman, M., Sambandham, J.K., and
Sakthisekaran, D. (2005). Apigenin inhibitis oxidative stress-induced macromolecular
damage in N-nitrosodiethylamine induced hepatocellular carcinogenesis in Wistar

albino rats. Mol Carcinog 44, 11-20.

Kahkonen, M. P., Hopia, A. L., Vuorela, H. J., Rauha, J. P., Pihlaja, K., Kujala, T. S,
and Heinonen, M. (1999). Antioxidant activity of plant extracts containing phenolic
compounds. J Agric Food Chem 47, 3954-3962.

Katalinic, V., Milos, M., Kulisic, T., and Jukic, M. 2006. Screening of 70 medicinal
plant extracts for antioxidant capacity and total phenols. Food Chem 94, 550-557.

Kinoshita, A., Wanibuchi, H., Wei, K.M., Shen, J., Imaoka, S., Funae, Y., and
Fukushima, S. (2003). Phenobarbital at low dose exerts hormesis in rat
hepatocarcinogenesis by reducing oxidative DNA damage, altering cell proliferation,

apoptosis and gene expression. Carcinogenesis 24, 1399-1399.

Kitagawa, T., Hino, O., Nomura, K., and Sugano, H. (1984). Dose-response studies
on promoting and anticarcinogenic effects of phenobarbital and DDT in the rat

hepatocarcinogenesis. Carcinogenesis 5, 1653-1656.

Kitano, M., Ichihara, T., Matsuda,T., Wanibuchi, H., Tamano, S., Hagiwara,A.,
Imaoka, S., Funae, Y., Shirai, T., and Fukushima, S. (1998). Presence of a threshold
for promoting effects of Phenobarbital on diethylnitrosamine-induced hepatic foci in
the rat. Carcinogeneis 19, 1475-1480.

Klatt, P., and Lamas, S. (2000). Regulation of protein function by S-glutathiolation in

response to oxidative and nitrosative stress. Eur J Biochem 267, 4928-4944.

Klaunig, J.E., Xu, Y., Isenberg, J.S., Bachowski, S., Kolaja, K.L., Jiang, J.,
Stevenson, D.E., and Walborg, Jr E.F. (1998). The role of oxidative stress in chemical
carcinogenesis. Environ Health Perspect 106, 289-295.



87

Klaunig, J.E. and Kamendulis, L.M. (2004). The role of oxidative stress in

carcinogenesis. Annu Rev Pharmacol Toxicol 44, 239-267.

Kong, J.M., Chia, L.S., Goh, N.K., Chia, T.F., and Brouillard, R. (2003). Analysis
and biological activities of anthocyanins. Phytochemistry 64, 923-933.

Lazzé, M.C., Savio, M., Pizzala, R., Cazzalini, O., Perucca, P., Scovassi, A.L, Stivala,
L.A., and Bianchi, L. (2004). Anthocyanins induce cell cycle perturbations and

apoptosis in different human cell lines. Carcinogenesis 25, 1427-1433.

Lee, G.H. (2000). Paradoxical effects of phenobarbital on mouse carcinogenesis.
Toxicol Pathol 28, 215-225.

Lee K.W., and Lee H.J. (2006). Biphasic effects of dietary antioxidants on oxidative
stress-mediated carcinogenesis. Mech Ageing Dev 127, 424-431.

Lopaczynski, W., and Zeisel, S.H. (2001). Antioxidants, programmed cell death, and
cancer. Nutr Res 21, 295-307.

Lowry, O.H., Rosebrough, N.J., Farr, A.L, and Randall, RJ. (1951). Protein
measurement with the Folin phenol reagent. J Biol Chem 193, 265-75.

Lykkesfeldt, J., Viscovich, M., and Poulsen, H.E. (2003). Ascorbic acid recycling in
human erythrocytes is induced by smoking in vivo. Free Rad Biol Med 35, 1439-
1447.

Lykkesfeldt, J. and Svendsen, O. (2007). Oxidants and antioxidants in disease:

Oxidative stress in farm animals. The Veterinary Journal 173, 502-511.

Maeckawa, A., Onodera, H., Ogasawara, H., Matsushima, Y., Mitsomuri, K., and
Hayashi, Y. (1992). Threshold dose-dependence in phenobarbital promotion of rat

hepatocarcinogenesis initiated by diethylnitrosamine. Carcinogenesis 13, 501-503.



88

Maisuthisakul, P., Suttajit, M., and Pongsawatmanit, R. (2007). Assessment of

phenolic content and free radical-scavenging capacity of some Thai indigenous plants.
Food Chem 100, 1409-1418.

Maksimovic, Z., Malencié, D., and Kovagevié, N. (2005). Polyphenol contents and

antioxidant activity of Maydis stigma extracts. Bioresour Technol 96, 873-877.

Manson, M.M. (2003). Cancer prevention-the potential for diet to modulate molecular
signalling. Trends Mol Med 9, 11-18.

Mansour, H.H., Hafez, H.F., and Fahmy, N.M. (2006). Silymarin modulates
cisplatininduced oxidative stress and hepatotoxicity in rats. J Biochem Mol Biol 39,
656-661.

Martfnez, C. M. (1995). Oxygen free radicals and human disease. Biochimie 77, 147-
161.

Matsuda, H., Morikawa, T., Toguchida, I., Park, J., Harima, S., and Yoshikawa, M.
(2001). Antioxidant constituents from rhubarb: structural requirements of stilbenes for

the activity and structures of two new anthraquinone glucosides. Bioorg Med Chem 9,
41-50.

Matsumoto, H., Ibana, H., Kishi, M., Tominaga, S., Hirayama, M., and Tsuda, T.
(2001). Orally administrated delphinidin 3-rutinoside and cyanidin 3-rutinoside are

directly absorbed in rats and humans and appear in blood as the intact forms. J Agric
Food Chem 49, 1546-1551.

Meiers, S., Kemeny, M., Weyand, U., Gastpar, R., Angerer, E.V., and Marko, D.
(2001). The anthocyanidins cyanidin and delphinidin are potent inhibitors of the
epidermal growth-factor receptor. J Agric Food Chem 49, 958-962.

Meister, A., and Anderson, M.E. (1983). Glutathione. Annu Rev Biochem 52, 711-
760.



89

Miliauskas, G., Venskutonis, P.R., and Van Beek, T.A. (2004). Screening of radical
scavenging activity of some medicinal and aromatic plant extracts. Food Chem 85,
231-237.

Min, K., and Ebeler, S.E. (2008). Flavonoid effects on DNA oxidation at low

concentrations relevant to physiological levels. Food Chem Toxicol 46, 96-104.

Mukinda, J.T. and Syce, J.A. (2007). Acute and chronic toxicity of the aqueous
extract of Artemisia afra in rodents. J Ethnopharmacol 112, 138-144,

Muriel, P., Garciapina, T., Perez-Alvarez, V., and Mourelle, M. (1992). Silymarin
protects against paracetamol-induced lipid peroxidation and liver damage. J Appl
Toxicol 12, 439-442.

Muth E.R., Laurent J.M., and Jasper P. (2000). The effect of bilberry nutritional
supplementation on night visual acuity and contrast sensitivity. Altern Med Rev 5,
164-173.

Nagalakshmi, N., and Prasad, M.N. (2001). Responses of glutathione cycle enzymes
and glutathione metabolism to copper stress in Scenedesmus bijugatus. Plant Sci 160,

291-299,

Naik S.R., and Panda V.S. (2008). Hepatoprotective effect of Ginkgoselect
Phytosome® in rifampicin induced liver injurym in rats: Evidence of antioxidant

activity. Fitoterapia 719, 439-445.

Nakae, D., Kobayashi, Y., and Akai, H. (1997). Involvement of 8- hydroxyguanine
formation in the initiation of rat liver carcinogenesis by low dose levels of N-

nitrosodiethylamine. Cancer Res 57, 1281-1287.

Nencini, C., Giorgi, G. and Micheli, L. (2007). Protective effect of silymarin on

oxidative stress in rat brain. Phytomedicine 14, 129-135.



90

Nuhn, P., Kiinzli, B.M., Hennig, R., Mitkus, T., Ramanauskas, T., Nobiling, R
Meuer, S.C, Friess, H. and Berberat, P.O. (2009). Heme oxygenase-1 and its

9

metabolites affect pancreatic tumor growth in vivo. Molecular Cancer 8, 1-10.

Ohkawa, H., Ohishi, N., and Yagi, K. (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem 95, 351-358.

Ovando, A.C., Hernandez, L.P., Hernandez, E.P., Rodriguez, J.A., and Galan-Vidal,
C.A. (2009). Chemical studies of anthocyanins: A review. Food Chem 113, 859-871.

Passamonti, S., Vrhrovsek, U., Vanzo, A., and Mattivi, F. (2003). The stomach as a
site for anthocyanins absorption from food. FEBS Lett 544, 210-213.

Patthamakanokporn, O., Puwastien, P., Nitithamyong, A., and Sirichakwal,P.P.
(2008). Changes of antioxidant activity and total phenolic compounds during storage

of selected fruits. J Food Compos Anal 21, 241-248.

Payne, C.M., Bernstein, C., and Bernstein, H. (1995). Apoptosis overview
emphasizing the role of oxidative stress, DNA damage and signal transduction

pathways. Leukemia and Lymphoma 19, 43-93.

Pezzuto, J. M. (2008). Grapes and human health: A perspective. J Agric Food Chem
56, 6777-6784.

Pietta, P. (2000). Flavonoids as antioxidants. J Nat Prod 63, 1035-1042.

Pimainog, Y., Yothinarak, A. and Jornrakate, P. (2003). Reference ranges of
hematological and clinical chemistry values in Wistar rats. Bull Dep Med Sci 45, 27-
36.

Pitot, H.C., Goldsworthy, T.L., Moran, S., Kennan, W., Glauert, H.P., Maronpot,
R.R., and Campbell, H.A. (1987). A method to quantitate the relative initiating and
promoting potencies of hepatocarcinogenic agents in their dose-response relationships

to altered hepatic foci. Carcinogenesis 8, 1491-1499.



91

Prasad N.K., Divakar S., Shivamurthy G.R., and Aradhya S.M. (2005). Isolation of a

free radical scavenging antioxidant from water spinach (I[pomoea aquatica Forsk). J
Sci Food Agric 85, 1461-1468.

Prior, R.L., and Wu, X. (2006). Anthocyanins: structural characteristics that result in
unique metabolic patterns and biological activities. Free Rad Res 40, 1014-1028.

Rahman, W.K.M., Sugie, S., Watanabe, T., Tanaka, T., and Mori H. (2003).
chemopreventive effects of melatonin on diethylnitrosamine and phenobarbital-

induced hepatocarcinogenesis in male F344 rats. Nutr Cancer 47, 148-155.

Ramakrishnan, G., Raghavendran, H.R.B., Vinodhkumar, R., and Devaki, T. (2006).
Suppression of N-nitrosodiethylamine induced hepatocarcinogenesis by silymarin in

rats. Chemico Biol Int 161, 104-114.

Raza, M., Al-Shabanah, O.A., El-Hadiyah, T.M., and Al-Majed, A.A. (2002). Effect
of prolonged vigabatrin treatment on hematological and biochemical parameters in

plasma, liver and kidney of Swiss albino mice. Sci Pharm 70, 135-145.

Rice-Evans, C., Miller, N.J., and Paganga, G. (1996). Structure-antioxidant activity
relationships of flavonoids and phenolic acids. Free Rad Biol Med 20, 933-956.

Sakai, H., Tsukamoto, T., Yamamoto, M., Kobayashi, K., Yuasa, H., Imai, T., Yanai,
T., Masegi, T., and Tatematsu M. (2002). Distinction of carcinogens from mutagens
by induction of liver cell foci in a model for detection of initiation activity. Cancer
Lert 188, 33-38.

Sakai, M., and Muramatsu, M. (2007). Regulation of glutathione transferase P: A

tumor marker of hepatocarcinogenesis. Biochem Biophys Res Commun 357, 575-578.

Sakanaka, S. and Ishihara, Y. (2008). Comparison of antioxidant properties of
persimmon vinegar and some other commercial vinegars in radical-scavenging assays

and on lipid oxidation in tuna homogenates. Food Chem 107, 739-744.



92

Sanchez-Moreno C., Larrauri J. A., and Saura-Calixto F. (1998). A procedure to
measure the antiradical efficiency of polyphenols. J Sci Food Agric 76, 270-276.

Scalbert, A., and Williamson, G. (2000). Dietary intake and bioavailability of
polyphenols. J Nutr 130, 2073S-858.

Schafer, F.Q., and Buettner, G.R. (2001). Redox environment of the cell as viewed
through the redox state of the glutathione disulfide/glutathione couple. Free Rad Biol
Med 30, 1191-1212.

Schofield, P., Mbugua, D.M., and Pell A.N. (2001). Analysis of condensed tannin: a
review. Anim Feed Sci Technol 91, 21-40.

Scholz, W., Schutze, K., Kunz, W., and Schwartz, M. (1990). Phenobarbital enhances
the formation of reactive oxygen in neoplastic rat liver nodules. Cancer Res 50, 7015-
7022.

Scolastici, C., Lopes, G.A.D., Barbisan, L.F., and Salvadori, D.M.F. (2008). Tomato
oleoresin inhibits DNA damage but not diethylnitrosamine-induced rat

hepatocarcinogenesis. Exp Toxicol Pathol 60, 59-68.

Sen, C.K., (1995). Oxygen toxicity and antioxidants: state of the art. Int J Physiol
Pharmacol 39, 177-196.

Shaker, E., Mahmoud, H., and Mnaa, S. (2010). Silymarin, the antioxidant component
and Silybum marianum extracts prevent liver damage. Food Chem Toxicol 48, 803-
806.

Shahjahan, M., Vani, G., and Shyamaladevi, C.S. (2005). Effect of Solanum
trilobatum on the antioxidant status during diethyl nitrosamine induced and

phenobarbital promoted hepatocarcinogenesis in rat. Chem Biol Interact 156, 113-
123.



93

Shaik I.H. and Mehvar R. (2006). Rapid determination of reduced and oxidized
glutathione levels using a new thiol-masking reagent and the enzymatic recycling
method: Application to the rat liver and bile samples. 4nal Bioanal Chem 385, 105-
113.

Sharma, S.B., Nasir, A., Prabhu, K.M., and Murthy, P.S. (2006). Antihyperglycemic
effect of the fruit-pulp of Eugenia jambolana in experimental diabetes mellitus. J
Ethnopharmacol 104, 367-373.

Sheweita, S.A., and Mostafa, M.H. (1996). N-Nitrosamines and their effects on the
level of glutathione, glutathione reductase and glutathione S-transferase activities in

the liver of male mice. Cancer Lett 99, 29-34.

Shukla, M.K., and Mishra, P.C. (1996). Electronic structures and spectra of two
antioxidants: uric acid and ascorbic acid. J Mol Struct 377, 247-259.

Siess, M.H., Guillermic, M., Le Bon, A.M. and Suschetet, M. (1989). Induction of
monooxygenase and transferase activities in rat by dietary administration of
flavonoids. Xenobiotica 19, 1379-1386.

Sivalokanathan, S., Ilayaraja, M., and Balasubramanian, M.P. (2006). Antioxidant
activity of Terminalia arjuna bark extract on N-nitrosodiethylamine induced

hepatocellular carcinoma in rats. Mol Cell Biochem 281, 87-93.

Soares J.R., Dinis T.C.P., Cunha A.P., and Almeida L.M., (1997). Antioxidant
activities of some extracts of Thymus zygi. Free Rad Res 26, 469-478.

Soobrattee, M.A., Neergheen, V.S., Luximon-Rammaa, A., Aruoma, O.I, and
Bahorun, T. (2005). Phenolics as potential antioxidant therapeutic agents: Mechanism
and actions. Mutat Res 579, 200-213.

Sreepriya, M., and Bali, G. (2005). Chemopreventive effects of embelin and curcumin
against N-nitrosodiethylamine/phenobarbital-induced hepatocarcinogenesis in Wistar

rats. Fitoterapia 76, 549-555.



94

Sriwanthana, B., Treesangsri, W., Boriboontrakul, B., Niumsakul, S., and
Chavalittumrong, P. (2007). In vitro effects of Thai medicinal plants on human

lymphocyte activity. Songklanakarin J Sci Technol 29, 17-28.

Steinmetz, K. A., and Potter, J. D. (1991a). Vegetables, fruit, and cancer. L
Epidemiology. Cancer Causes Control 2, 325-357.

Stout, D.L., and Becker, F.F. (1986). Xenobiotic metabolizing enzymes in genetically

and chemically and initiated mouse liver tumors. Cancer Res 46, 2693-2696.

Sun, Y. (1990). Free radicals, antioxidant enzymes and carcinogenesis. Free Rad Biol
Med 8, 853-599.

Sun, B., Ricardo-da-Silva, J.M., and Spranger, I. (1998). Critical Factors of Vanillin
Assay for Catechins and Proanthocyanidins. J Agric Food Chem 46, 4267-4274.

Swenberg, J.A., Aoel, D.G., and Magee, D.N. (1991). Mechanistic and statistical
insight into the large carcinogenesis bioassays on N-nitrosodiethylamine and N-

nitrosodimethylamine. Cancer Res 51, 6409-6412.

Szatrowski, T.P., and Nathan, C.F. (1991). Production of large amounts of hydrogen
peroxide by human tumor cells. Cancer Res 51, 794-798.

Talavéra, S., Felgines, C., Texier, O., Besson, C., Lamaison, J., and Rémésy, C.
(2003). Anthocyanins are efficiently absorbed from the stomach in anesthetized rats. J
Nutr 133, 4178-4182.

Talavéra, S., Felgines, C., Texier, O., Besson, C., Manach, C., Lamaison, J., and
Rémésy C. (2004). Anthocyanins are efficiently absorbed from the small intestine in
rats. J Nutr 134, 2275-2279.

Talavéra, S., Felgines, C., Texier, O., Besson, C., Gil-Iziquierdo, A., Lamaison J.L.,
and Rémésy, C. (2005). Anthocyanins metabolism in rats and their distribution to
digestive area, kidney, and brain are efficiently absorbed from the small intestine in

rats. J Agric Food Chem 53, 3902-3908.



95

Tanaka, T., Ohyama, M., linuma, M., Shirataki, Y., Komatsu, M. and Burandt, C.L.
(1998). Isoflavonoids from Sophora secundiflora, S. arizonica and S. gypsophila.
Phytochemistry 48, 1187-1193.

Teo, S., Stirling, D., Thomas, S., Hoberman, A., Kiorpes, A., and Khetani, V. ( 2002).
A 90-day oral gavage toxicity study of D-methylphenidate and D, L-methylphenidate
in Sprague-Dawley rats. Toxicology 179, 183-196.

Thangapazham, R.L., Sharma, A., and Maheshwari, R.K. (2006). Multiple molecular
targets in cancer chemoprevention by curcumin. The AAPS Journal 8, E443-E449.

Tharappel, J.C., Spear, B.T., and Glauert, H.P. (2008). Effect of phenobarbital on
hepatic cell proliferation and apoptosis in mice deficient in the p50 subunit of NF-xB.
Toxicol Appl Pharmacol 226, 338-344.

The Organization of Economic Co-operation and Development (OECD), 2001. The
OECD Guideline for Testing of Chemical: 420 Acute Oral Toxicity, OECD, Paris, pp.
1-14.

The Organization of Economic Co-operation and Development (OECD), 2009. The
Draft updated test guideline 407: Repeated Dose 28-day Oral Toxicity Study in
Rodents, OECD, Paris, pp. 1-11.

Thirunavukkarasu, C., Prince Vijeya Singh, J., Selvendiran, K., and Sakthisekaran, D.
(2002). Chemopreventive efficacy of selenium against N-nitrosodiethylamine-induced

hepatoma in albino rats. Cell Biochem Funct 19, 265-271.

Thomas, I.P. and Girotti, A.W. (1989). Role of lipid peroxidation in hematoporphyrin
derivative-sensitized photokilling of tumor cells: protective effects of glutathione
peroxidase. Cancer Res 49, 1682-1686.



96

Tian, Q., Giusti, M.M., Stoner, G.D., and Schwartz, S.J. (2005). Screening for
anthocyanins using high-performance liquid chromatography coupled to electrospray
ionization tandem mass spectrometry with precursor-ion analysis, product-ion

analysis, common-neutral-loss analysis, and selected reaction monitoring. J
Chromatogr A 1091, 72-82.

Torel, J., Cillard, J., and Cillard, P. (1986). Antioxidant activity of flavonoids and
reactivity with peroxyl radical. Phytochemistry 25, 383-385.

Tsuda, H., Ohshima, Y., Nomoto, H., Fyjita, K., Matsuda,E., ligo, M., Takasuka, N.,
and Moore, M.A. (2004). Cancer prevention by natural compounds, Drug Metab
Pharmacokinet 19, 245-263.

Urbano, A., Lakshmanan, U., Choo, P.H.,, Kwan, J.C., Ng, P.Y., Guo, K,
Dhakshinamoorthy, S., and Porter, A. (2005). AIF suppresses chemical stress-induced
apoptosis and maintains the transformed state of tumor cells. EMBO J 24, 2815-2826.

Vaca, C.E., Wilhelm, J., and Harms-Ringdahl, M. (1988). Studies on lipid
peroxidation in rat liver nuclei and isolated nuclear membranes. Biochim Biophys

Acta 958, 375-387.

Valenzuela, A., Lagos, C., Schmidt, K., and Videla, L.A. (1985). Silymarin protection
against hepatic lipid peroxidation induced by acute ethanol intoxication in the rat.
Biochem Pharmacol 34, 2209-2212.

Valko, M., Rhodes, C.J., Moncol, J., Izakovic, M., and Mazur, M. (2006). Free
radicals, metals and antioxidants in oxidative stress-induced cancer. Chem Biol

Interact 160, 1-40.

Valko, M., Leibfritz, D., Moncol, J., Cronin, M.T.D., Mazur, M., and Telser, J.
(2007). Free radicals and antioxidants in normal physiological functions and human

disease. Int J Biochem Cell Biol 39, 44-84.



97

Vaquero, E.C., Edderkaoui, M., Pandol, S. J., Gukovsky, ., and Gukovskaya, A.S.
(2004). Reactive oxygen species produced by NAD (P) H oxidase inhibit apoptosis in
pancreatic cancer cells. J Biol Chem 279, 34643-34654.

Verna, L., Whysner, J., and Williams, G.M. (1996). N-nitrosodiethylamine
mechanistic data and risk assessment: Bioactivation, DNA-adduct formation,

mutagenicity, and tumor initiation. Pharmacol Ther 71, 57-81.

Wang, H., Nair, M.G., Strasburg, G.M., Chang, Y.C., Booren, A.M., Gray, J.I. and
DeWitt, D.L. (1999). Antioxidant and antiinflammatory activities of anthocyanins and
their aglycon, cyanidin, from Tart Cherries. J Nat Prod 62, 294-296.

Wang, S.Y., Feng, R., Bowman, L., Penhallegon, R., Ding, M., and Lu, Y. (2005).
Antioxidant activity in lingonberries (Vaccinium vitis-idaea L.) and its inhibitory
effect on activator protein-1, nuclear factor-kB, and mitogen-activated protein kinases

activation. J Agric Food Chem 53, 3156-3166.

Wang, L.S., and Stoner, G.D. (2008). Anthocyanins and their role in cancer
prevention. Cancer Lett 269, 281-290.

Watanaben, T., Sugie, S., Okamoto, K., Rahman, K.M., Ushida, J., and Mori, H.
(2001). Chemopreventive effects of scordinin on diethylnitrosamine and

phenobarbital-induced hepatocarcinogenesis in male F344 rats. Jpn J Cancer Res 92,
603-609.

Wenzel, U,, Kuntz, S., Brendel, M. D., and Daniel, H. (2000). Dietary Flavone Is a
Potent Apoptosis Inducer in Human Colon Carcinoma Cells. Cancer Res 60, 3823-
3831.

Whysner, J., Ross, P.M., and Williams, G.M. (1996). Phenobarbital Mechanistic Data
and Risk Assessment: Enzyme Induction, Enhanced Cell Proliferation, and Tumor

Promotion. Pharmacol Ther 71, 153-191.



98

Wu, X., Beecher, G., Holden, J., Haytowitz, D., Gebhardt, S:E, and Prior, R.L.
(2004). Lipophilic and hydrophilic antioxidant capacities of common foods in the
United States. J Agric Food Chem 52, 4026-4037.

Wu, X., Gu, L., Prior, R.L., and Mckay, S. (2004). Characterization of anthocyanins
and proanthocyanidins in some cultivars of Ribes, Aronia, and Sambucus and their

antioxidant capacity. J Agric Food Chem 52, 7846-7856.

Yadav, A.S., and Bhatnagar, D. (2007). Chemo-preventive effect of Star anise in N-

nitrosodiethylamine initiated and phenobarbital promoted hepato-carcinogenesis.
Chem Biol Interact 169, 207-214.

Zeiger, E. (1987). Carcinogenicity of mutagens: predictive capability of the

Salmonella mutagenesis assay for rodent carcinogenicity. Cancer Res 47, 1287-1296.

Zhang, Y., Vareed, S.K., Nair, M.G. (2005). Human tumor cell growth inhibition by
nontoxic anthocyanidins, the pigments in fruits and vegetables. Life Sci 76, 1465-
1472.

Zhao M., Yang B., Wang J., Li B., and Jiang Y. (2006). Identification of the major
flavonoids from pericarp tissues of lychee fruit in relation to their antioxidant
activities. Food Chem 98, 539-544.

Zheng, Y., Wang, C.Y., Wang, S.Y., and Zheng, W. (2003). Effect of high-oxygen
atmospheres on blueberry phenolics, anthocyanins, and antioxidant capacity. J Agric
Food Chem 51, 7162-7169.

Zheng W. and Wang S.Y. (2003). Oxygen radical absorbing capacity of phenolics in
blueberries, cranberries, chokeberries, and lingonberries. J Agric Food Chem 51, 502-
509.



APPENDICES



APPENDIX

APPENDIX A

List of the chemicals and materials used in the study

Chemicals/Materials Source
Absolute ethanol BDH, England
Ascorbic acid Merck, Germany
3-NADPH Sigma-Aldrich, USA
Bovine serum albumin Pierce, USA
2-butanol BDH, England
Catechin Sigma-Aldrich, USA
Chroloform BDH, England
Cytochrome ¢ Sigma-Aldrich, USA
Deoxyribose Sigma-Aldrich, USA
Diethyl ether BDH, England
Dimethyl sulfoxide Amresco, USA
Diphotassium hydrogen phosphate Merck, Germany
Disodium hydrogen phosphate BDH, England

S, 5’-dithiobis-(2-nitrobenzoic acid) Sigma-Aldrich, USA
Dithiothreitol Sigma-Aldrich, USA

2, 2-Diphenyl-1-picryhydrazyl (DPPH) Sigma-Aldrich, USA



Ethylene diamine tetraacetic acid
Folin-Ciocalteau’s phenol reagent
Glacial acetic acid
Glucose-6-phosphate
Glucose-6-phosphate dehydrogenase
Glutathione reduced form
Glutathione oxidized form
Glutathione reductase

Glycerol

Hemin

Hydrochloric acid

Hydrogen peroxide

Magnesium chloride
Malondialdehyde bis (dimethyl acetal)
Mayer’s hematoxylin

Methanol

Phenobarbital
Phenylmethylsulphonyl fluoride
Potassium chloride

Potassium dihydrogen phosphate

Potassium hydroxide
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Sigma-Aldrich, USA
Fluka A.G., Switzerland
Carlo-Erba, Italy
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Wako, Japan
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Lab-Scan, Ireland
Carlo-Erba, Italy
APS Finechem, Australia
Sigma-Aldrich, USA
Bio-Optica, Italy
BDH, England
Wako, Japan
Sigma-Aldrich, USA
Carlo-Erba, Italy
May and Baker, England

BDH, England



Skim milk

Sodium dihydrogen phosphate
Sodium bicarbonate
Sodium hydroxide
Tert-butyl hydroperoxide
Tricarboxylic acid
Triethanolamine

Tris base

Trolox

Thiobarbituric acid

Uric acid

Xanthine

Xanthine oxidase

Xylene
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Merck, Germany
Merck, Germany
BDH, England
BDH, England
Sigma-Aldrich, USA
BDH, England
Sigma-Aldrich, USA
Vivantis, Malaysia
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Sigma-Aldrich, USA
Sigma-Aldrich, USA

BDH, England



APPENDIX B

List of the instruments used in the study

Instruments
Autoclave

Centrifugator

Freezer (-86 °C)

Hotplate/ stirrer
Microplate reader

pH meter

Water bath

Refrigerator
Ultracentrifugator

UV-Vis spectrophotometer

Vortex

Model

SS-245

PMC-060

22R D-78532

0838

HPMS

MCC/340

320

W-350

SR-F511

L-100 XP

UVv-1700

G-560E

Source

Tomy Seiko, Japan
Tomy Seiko, Japan
Mikro, Germany

Forma Scientific, USA
Whatman, USA
ICN, Flow, USA
Mettler Toledo, USA
Mammert, Germany
Sanya, Thailand
Beckman Coulter
Shimazu, Japan

Scientific industries, USA



APPENDIX C

Reagents preparation

1. Folin reagent

Folin reagent was made by diluting Folin-Ciocalteu’s phenol reagent in distilled

water at equal volume.
2. 1% vanillin reagent

1.25 g of vanillin was dissolved in 250 ml of 4% HCl/MeOH.
4. DPPH solution

1.5 mg of DPPH was dissolved in 5 ml of Absolute ethanol
5.120 mM KH,PO4 — KOH buffer pH 7.4

1.633 g of KH,PO,4 was dissolved in 60 ml of distilled water, pH of solution was
adjusted to 7.4 with conc. KOH followed by making total volume 100 ml.

6. Homogenizing buffer
KCl 115 ¢
EDTA +«2Na 037 g

Ingredients were dissolved in 1 liter of deionized water. After completely
dissolved, 1 ml of 0.25 M PMSF (in ethanol) was added and adjust pH of solution to
7.4 with 1 N NaOH.
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7. 0.1 M sodium phosphate buffer pH 7.0
0.2 M of NaH,POy4 (dissolving NaH,PO4 14.32 g in distilled water 200 ml)
0.2 M of Na;HPOy4 (dissolving NaH,POj4 6.24 g in distilled water 200 ml)
Slowly add 0.2 M NaH,PO; into 0.2 M Na,HPOy4 until pH value reaches 7.0.
8. 0.1 M sodium phosphate buffer pH 7.5 with S mM EDTA
0.2 M of NaH,POy (dissolving NaH,PO4 14.32 g in distilled water 200 ml)
0.2 M of Na,HPOy (dissolving NaH,PO4 6.24 g in distilled water 200 ml)

Add 0.2 M NaH,POj; into 0.2 M Na,HPOy until pH reached 7.5, and finally add
270 mM EDTA at ratio 3.7 ml:100 ml (EDTA:buffer). This buffer would be

subsequently diluted 10-fold where reaction took place.
9. 10 mM 5, 5 -dithio-bis (2-nitrobenzoic acid)

10 mg of 5, 5°-dithio-bis (2-nitrobenzoic acid) was dissolved in 2.5 ml of 0.1 M
phosphate buffer pH 7.5 containing 5 mM EDTA, followed by adding diluted
phosphate buffer to final volume of 5 ml.

10. 1M Tris-HCI buffer pH 8.0 with S mM EDTA
Tris base 121.14 g
EDTA «2Na 1.86 g

Buffer was made up by dissolving all ingredients in deionized water. After
completely dissolved, pH of solution was adjusted to 8.0 with conc. HCI followed by

making total volume 1 liter.

This buffer would be subsequently diluted 10-fold where reaction took place.
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11. 0.1 M potassium phosphate buffer pH 7.0
0.2 M of KH,PO, (dissolving KH,PO, 14.32 g in distilled water 200 ml)
0.2 M of K,HPO4 (dissolving K,;HPO4 6.24 g in distilled water 200 ml)

Mixing 0.2 M KH,PO4 and 0.2 M K;HPO4 and pH of solution was adjusted to
7.0 with conc. HCI followed by making total volume 1 liter.

13. 100 mM potassium phosphate buffer pH 7.4 with MgCl,

13.61 g of KH,PO; was dissolved in 800 ml of deionized water. After
completely dissolved, pH of solution was adjusted to 7.4 with conc. KOH followed by
making total volume 1000 ml.

81.2 mg of MgCl, was dissolved in 200 ml of potassium phosphate buffer.
14. 0.05 M Tris-buffered saline pH 7.6

Tris 6.057 g

NaCl 877 g

Buffer was made up by dissolving all ingredients in distilled water. After
completely dissolved, pH of solution was adjusted to 7.6 followed by making total

volume 1 liter.
15. DAB

30-40 mg of DAB was dissolved in 150 ml of TBS. After completely dissolved,
150 pl of 30% H,0, was added into solution.
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Figure S1 Concentration-response curve of total phenolic compounds.
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Figure S2 Concentration-response curve of total flavonoids.
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Identification of Anthocyanins in Ma-kiang by Liquid Chromatography-
Electrospray-Mass Spectrometry (LC-ESI-MS)

1. Methodology

1.1 Anthocynin extraction

Each 0.5 gram of the aqueous extracts of C. nervosum from 2 lots (lot 1 for
peotocol I and lot 2 for protocol II) was added into a bottle containing 25 ml of 0.1 %
formic acid in methanol. After being shaken well for 60 min, the mixture was filtered
and the methanolic solution was subjected to solvent evaporation under reduced

pressure at temperature below 40° C until its volume was reduced to 2.0 ml

1.2 Anthocyanin separation conditions

Apparatus: An HPLC system (Agilent Technologies, USA) consisting of an
automatic sample injector (G1329A), a vacuum solvent degassing unit (G1322A), a
quaternary high pressure gradient pump (G1312A), and a photodiode array
absorbance detection system (G1315A) was utilized for the separation and analysis of
anthocyanins in the C. nervosum extracts. A 2.1 x 150 mm Halo column (Agilent
Technologies, USA) with a particle size of 2.7 pm was used. The mobile phase
consisted of water containing 0.5% formic acid (solvent A) and methanol (solvent B),
with gradient elution started at 85:15 (A:B). The flow rate was 0.1 ml/min. The
HPLC effluent was passed through the photodiode array detector (PAD), which was
set to scan at a wavelength between 200 and 800 nm and monitor at wavelengths of
254 and 520 nm before it was directed into the electrospray ion source of the LC-MS

system.

1.3 Electrospray mass spectrometry conditions

In this experiment, the Agilent HPLC system (Agilent Technologies, USA) was
used to separate components in the extracts. After separation, the HPLC effluent was
delivered into a single quadrupole mass spectrometer (Model G 1946 A, Agilent

Technologies, USA) via an orthogonal API-electrospray interface, where it was
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nebulized by a nitrogen gas stream. This nitrogen gas was also used as drying gas.
The API-electrospray operating parameters were optimized in order to obtain the
highest sensitivity for the detection of anthocyanins in the extracts. The optimum
electrospray ionization (ESI) conditions were as follows: ionization mode, positive;
nebulizer pressure, 32 psi; drying gas flow rate, 10 L/min; drying gas temperature,
350 °C; and capillary voltage, 4000 V. Helium was used as a collision gas and a
fragmentor voltage of 130 V was used for the CID. The quadrupole temperature was

100 °C and the electron multiplier voltage was 2650 V.

1.5 Determination of the relative contents of anthocyanins in extracts

Relative contents of anthocyanins in the extracts of C. nervosum of the two
cultivars were obtained by using LC-ESI-MS technique. Naphtholphthlein was used
as the internal standard that was added to the sample extracts at concentration of 25
pg/ml. Peak area normalization was utilized to determine the relative contents of the
individual anthocyanin components. Three replicates of each sample extract were
analysed by LC-ESI-MS. The contents of anthocyanins in extracts of the two

cultivars of C. nervosum (1, 2) were determined as the average values.
2. Results

2.1 Identification of anthocyanins by LC-DAD

The UV-Vis spectra of anthocyanins can give information on the nature of the
aglycone, glycosylation pattern, and possibility of acylation. Single wavelength
detectors éan selective monitor anthocyanins between 520 and 546 nm, where no
other plant phenolics show absorption at these wavelengths. Figure S4 shows the LC-
DAD chromatograms at wavelength 520 nm of extracts from C. nervosum 1, 2)
which contain the peaks corresponding to anthocyanin components. UV-Vis spectra

of these anthocyanin peaks are shown in Figure S5.
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Figure S4 Chromatograms obtained by LC-DAD at wavelength 520 nm of extracts
from C. nervosum (1, 2); (A) C. nervosum 1 (MK-1) (B) C. nervosum 2 (MK-2)
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Figure S5 UV-Vis spectra of the peaks shown in Figure 21 obtained by LC-DAD of
an extract from C. nervosum (1) (A) Peak 1, (B) Peak 2, and (C) Peak 3
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2.2 Identification of anthocyanins by LC-MS
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Figure S6 Chromatograms obtained by LC-ESI-MS of the extracts from; (A) C.
nervosum (MK 1) (B) C. nervosum 2 (MK 2)
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Peak 1 Cyanidin-3,5-diglucoside
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Figure S7 Full scan ESI-MS spectrum of component at retention time 17.80 (Peak

number 1)

Mass spectrum of component at retention time 17.80 min (peak 1) obtained
from LC-ESI-MS is shown in Figure S7. The molecular cation [M] *is at m/z 611.
This molecular ion has mass equal to that of cyanidin diglucoside (287+162+162 Da).
The full scan ESI-MS spectrum also provides corresponding fragment ions at m/z 287
and 449. Fragmentation of the molecular ion which resulted in the production of m/z
449 is corresponded to the loss of a glucose unit and m/z 287 by the loss of two
glucose units (162+162 Da) indicating that this anthocyanin is cyanidin-3,5-
diglucoside. The presence of fragment ion at m/z 449 reveals that the two glucose
units are linked to the aglycone at different positions, normally at 3 and 5, and are not
joined together as a 3-diglucoside. Regardless of the relatively low intensity, these
fragment and molecular ions form a pattern well matched with that of cyanidin-3,5-

diglucoside reported previously (Tian et al, 2005).
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Peak 2: Cyanidin-3-glucoside
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Figure S8 Full scan ESI-MS spectrum of component at retention time 20.83 (Peak

number 2)

Full scan ESI-MS spectrum obtained from LC-ESI-MS of the peak at retention
time 20.83 min is shown in Figure S8. The fragment ion at m/z 287 indicates the
presence of cyanidin aglycone. The molecular ion at m/z 449 is identified as cyanidin
glucoside by the mass difference of 162 Da equal to the loss of a glucose unit.
However, the full-scan ESI-MS spectrum of the peak at retention time 42.82 min
(peak 3) shown in Figure S9 provides the same pattern of mass spectrum. Due to the
high stability and high abundance in nature of cyanidin-3-glucoside compared to
those of cyanidin-5-glucoside, the anthocyanins at peak 2 and 3 are assigned as

cyanidin-3-glucoside and cyanidin-5-glucoside, respectively.
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Peak 3: Cyanidin-5-glucoside
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Figure S9 Full scan ESI-MS spectrum of component at retention time 42.82 (Peak

number 3)

Table S1 Structural assignment of anthocyanins in C. nervosum extracts.

Relative content

Peak RT ESI-MS among the overall
No  (min) Assignment compounds  [M]" spectrum Peak area ratio components (%)
MK1 MK2 MK 1 MK2

1 17.55  Cyanidin-3-5-diglucoside 611 287449611 0.3318 0.0679 0.15 0.05

2 20.66  Cyanidin-3-glucoside 449 287449 21.2754 10.4945 9.72 738

3 4282  Cyanidin-5-glucoside 449 287449 13.9365 1.4858 6.37 1.05
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