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ABSTRAK

Aktiviti Antioksidan ekstrak Metroxylon sagu dan kesan terapeutiknya pada
pendedahan asap rokok pada tikus

Secara amnya terdapat kepelbagaian komponen semulajadi pada tumbuh-tumbuhan
yang bersifat antioksidan melalui tindakannya dalam menentang radikal bebas dan
menghalang pelbagai penyakit. Metroxylon sagu diekstrak menggunakan air melalui
kaedah pengestrakan Pepejal-Cecair. Sebanyak 2.87% ekstrak akueus sagu (SAE)
diperolehi. Penentuan aktiviti antioksidan SAE dilakukan menerusi kaedah Ferric
Tiosianat (FTC), esei 2,2‘-Azinobis-(3-etilbenzotiaznlin-ﬁ-sulfonat) (ABTS) dan aktiviti
pengikatan logam. SAE berpotensi menjadi sumber antioksidan semulajadi berdasarkan
tindakannya dalam menghalang proses pengoksidaan asid linoleik, memerangkap radikal
2,2"-Azinobis-(3-etilbenzotiazolin-6-sulfonat) dan memiliki keupayaan mengikat logam.
Tiga puncak dengan masa retensi pada 2.61 min, 4.30 min dan 4.70 min dikesan
semasa pemisahan SAE oleh HPLC menggunakan kolum C,s fasa berbalik. Puncak
pertama, SAE (Puncak 1) dipilih untuk kajian terperinci menggunakan FT-IR dan NMR
memandangkan puncak tersebut adalah paling stabil. Berdasarkan pada spekrum FT-IR,
kumpulan asas yang dikenalpasti pada SAE (Puncak 1) adalah kumpulan alkana, alkena,
alifatik tak tepu, karbohidrat dan alkohol. Pengenalpastian SAE (Puncak 1) menggunakan
'H NMR mendapati terdapat sepuluh keseimbangan proton yang berbeza,
berkemungkinan berasal dari kumpulan alifatik dan karbohidrat (kawasan bagi
komponen berkenaan terletak lebih kurang & 0.8 sehingga & 4.2). Spektra *C NMR bagi
SAE (Puncak 1) memaparkan kehadiran dua belas karbon dengan sepuluh karbon
terletak pada julat & 60.3 — & 81.5, dan selebihnya pada & 92.3 dan & 103.8. Komponen
yang memiliki struktur tersebut berkemungkinan adalah karbohidrat, dengan sepuluh
karbon adalah karbon bukan anomerik dan selebihnya berkemungkinan C-1 pada
terminal penurunan dan C-1 yang terlibat dalam ikatan glikosidik. Ujian toksisiti Artemia
salina menunjukkan SAE adalah tidak toksik apabila dibandingkan dengan potasium
dikromat dengan toksisiti relatifnya iaitu 0.004. Bagi penentuan aktiviti antioksidan enzim
(superoxid dismutase, glutation peroxidase dan katalase), kumpulan kawalan negatif
menunjukkan aktiviti glutation peroxidase yang lebih tinggi pada tisu paru-paru
berbanding kumpulan kajian. Bagi tisu hepar dan buah pinggang, kumpulan kajian
menunjukkan aktiviti katalase lebih rendah berbanding kumpulan kawalan negatif
manakala pada tisu otak, kumpulan kajian memiliki aktiviti katalase yang lebih tinggi
berbanding kumpulan kawalan negatif. Penambahan SAE mempunyai kesan pelindung
dalam mengurangkan radikal bebas yang dibebaskan melalui asap rokok sebelum
membahayakan tisu berkenaan. Oleh itu, jumlah aktiviti glutation peroxidase dan
katalase yang diperlukan adalah minimum untuk menghalang kerosakan yang lebih teruk
pada tisu berkenaan yang berpunca daripada asap rokok. Berdasarkan pada keputusan
kajian, pengambilan SAE dalam diet mampu melindungi perokok dan bukan perokok
yang terdedah pada asap rokok.
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ABSTRACT

Antioxidant Activities of Metroxylon sagu extract and its therapeutic effects
on Cigarette Smoke Exposed Mice

It is known that a vast number of natural compounds in the plant kingdom possess
antioxidant properties that can combat the deleterious effects of free radicals and thus
prevent a number of diseases. Metroxylon sagu was extracted with water using the
Liquid-Solid extraction method. 2.87% yield of sago aqueous extract (SAE) was
obtained. Determination of the antioxidant activities of the SAE was carried out by the
Ferric Thiocyanate (FTC) method, 2,2-Azinobis-(3-ethylbenzothiazoline-6-sulphonate)
(ABTS) assay and Metal Chelating Activity. SAE has been shown to be a potential natural
antioxidant source, based on its action in inhibiting the peroxidation of linoleic acid,
scavenging the 2,2-Azinobis-(3-ethylbenzothiazoline-6-sulphonate) radicals and its metal
chelating properties. Three peaks with retention times of 2.61 min, 4.30 min and 4.70
min, respectively, were detected on separation of SAE by HPLC using C,g reverse phase
column. The first peak, SAE (Peak 1) was further investigated using FT-IR and NMR as it
was the most stable peak. Based on the FT-IR spectrum, the principal bands identified in
SAE (Peak 1) were those belonging to alkanes, alkenes, unsaturated aliphatics,
carbohydrates and alcohols. Identification of SAE (Peak 1) using 'H NMR found ten
different equivalent protons, which could belong to aliphatic and carbohydrate regions
(as the region indicative of these compounds is approximately & 0.8 to & 4.2). °C NMR
spectrum of SAE (Peak 1) shows the presence of twelve carbons of which ten carbons
were located within the range of d 60.3 — & 81.5, and the remaining two at 6 92.3 and &
103.8, respectively. The possible compound with these structures could be
carbohydrates, with ten non-anomeric carbons, and the remaining two probably are
signals from C-1 at a reducing terminus and C-1 involved in a glycosidic lingkage. The
brine shrimp lethality test shows that SAE is non-toxic when compared to potassium
dichromate with relative toxicity of 0.004. For the determination of free radical
scavenging enzyme activities (superoxide dismutase, glutathione peroxidase and
catalase), the negative control group showed significantly higher glutathione peroxidase
activities in the lung tissue compared to the experimental group. In liver and kidney
tissues, the experimental group showed a significantly lower catalase activity compared
to the negative control group and in brain tissue, higher catalase activities were
observed in the experimental group compared to the negative controls. Thus, SAE
supplementation has protective effects in reducing those free radicals that are released
from sidestream cigarette smoke before causing extensive damage to the tissues. Thus,
a lesser amount of glutathione peroxidase and catalase activity is needed to combat the
oxidative stress induced from the cigarette smoke in those tissues. Based on these
results, SAE supplementation might have a beneficial role in protecting smokers and
non-smokers exposed to sidestream cigarette smoke.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

The sago tree, also known as “Rumbia”, has been thoroughly studied for the production
of sago starch, but the properties of other components, for example, the antioxidant
capacities are less known. The washing from the sago starch extraction process is rich in
antioxidant compounds that give it a golden brownish colour. On exposure to air, the
liquid changes to a deep purple colour rapidly. Hence, this byproduct of the sago
industry could be a rich source of antioxidant compounds which are known to protect
the body from free radicals that can damage various systems in the body. The purpose
of this research is to investigate the antioxidant properties of the aqueous extract of
sago pith in the search for a natural, abundant and cheap source of antioxidant

compounds.

To date, many studies have identified various health conditions and
cardiovascular diseases to be prevented or treated with antioxidant supplementation
(Harada et al. 2003; Nicolesu et al. 2001) and the list grows continuously. One of the
factors contributing to the increasing incidence and severity of various cancers,
degenerative pulmonary and cardiovascular diseases is cigarette smoke inhalation,
known as side-stream cigarette smoke (SSCS) inhalation (Zhang et al. 2001). The free
radicals that are generated in biological systems can cause oxidative damage, resulting

in lipid peroxidation in the various organs.



The present research has also been designed to investigate the changes in the
activities of the free-radical scavenging enzymes between mice fed on normal basal diet
(negative controls) and those fed on basal diet supplemented with SAE (experimental
group) or ascorbic acid (positive controls) when exposed to stress such as side-stream
cigarette smoke (SSCS). The rationale for this approach is that elevated free radical
levels will lead to increase activities of the free-radical scavenging enzymes and reduce
levels of free radical will result in lowered activities of these enzymes. Supplementation
with antioxidants might have a beneficial role in protecting the smokers and non-
smokers exposed to SSCS by reducing risk from elevated free radical levels via the

combined action of antioxidants as well as free radical scavenging enzymes.

Hence, investigations were carried out to find out if this is indeed true. The
freeze-dried aqueous extract of Metroxylon sagu (SAE) was investigated for its
antioxidant properties, using various chemical as well as enzymatic assays. The
antioxidant activities were evaluated using the ferric thiocyanate (FTC) method (Kikuzaki
& Nakatani, 1993; Rahmat et al. 2003), 2,2-azinobis-(3-ethylbenzothiazoline-6-
sulphonate) (ABTS assay) (Cano et al. 1998, Yu et al. 2004), and metal chelating activity
(Decker & Welch, 1990; Yen & Wu, 1999) by reading the absorbance values at different
wavelengths using a UV/Vis Spectrophotometer. Assays were done to measure the
antioxidant capacity of SAE via different approaches; by the inhibition of peroxidation,

decolorization of ABTS radicals and based on chelating activity.

Further studies were carried out on the SAE using HPLC, FTIR and NMR to
establish the chemical nature of the chemical compound in the extract. Those techniques

are important as they provide information on the presence or absence of particular



functional groups and symmetry, electronic environment of the proton or carbon atoms,

the quantity of protons present and nature of linkages between nearby nuclei.

The Brine Shrimp Lethality Test (Sam, 1993) was used to measure the toxicity of
SAE relative to the control (potassium dichromate) by determining the lethal
concentration for 50% mortality after six hours of exposure to SAE, known as the acute

LCso and the chronic LCs, (after 24 hours of exposure).

As for the experimental trials, forty-nine male mice (Mus musculus sp.) were
divided into six groups, based on the different diets fed to them, comprising pellet and
SAE or ascorbic acid and exposed to side-stream cigarette smoke (SSCS) for eight weeks.
At the end of the experimental period, the mice were killed by cervical dislocation and
the tissues (mainly lung, liver, kidney and brain) were isolated and used for assessment
of the activities of free radical-scavenging enzymes, superoxide dismutase (SOD)
(Marklund & Marklund, 1974), catalase (CAT) (Aebi, 1974) and glutathione peroxidase

(GSH-Px) (Paglia & Valentine, 1967).

1.2 Objectives of the Research
The main objectives of this research are:-
(i) To extract the Metroxylon sagu components and determine the antioxidant
activities of SAE using three different chemical assays.
(ii) To assess the activities of free radical-scavenging enzymes (SOD, GSH-Px and
CAT) in the mice fed on normal basal diet and mice fed on diet supplemented

with SAE when exposed to side-stream cigarette smoke.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Free Radicals
Free radicals are unstable and highly reactive molecules that occur ubiquitously in living
things. These reactive compounds are generated in the human body during normal
physiological functions but they can also be introduced from the environment (Ahmad,
1995). They have unpaired electrons which makes them highly reactive intermediates
(Bagchi & Puri, 1998) compared to those without unpaired electrons. Borg (1993) stated
that, "A free radical is a molecule or molecular fragment with an unpaired valence
electron”, whereas Halliwell et al. (1995) define free radicals as “any species that
contains one or more unpaired electrons and is incapable of independent existence”.
Because of their instability, they react quickly with other compounds to capture
the needed electron (Jakus, 2000) thus creating a free radical chain reactions which can
be destructive to cells and tissues. However, in normal biological processes, free radicals
play an important role in the removal of destructive bacteria and damaged cells and they
also act as regulatory molecules in biochemical processes (Rice-Evans & Burdon, 1994).
Therefore, free radicals can become highly reactive and cause “oxidative stress” if the
production is not tightly controlled. Oxidative stress is a situation describing the steady
state level of oxidative damage caused by the imbalance between the prooxidants and

antioxidants in our body system (Rice-Evans & Burdon, 1994).




2.1.1 Types of Free Radicals

Free radicals are often generated by oxygen in eukaryotic cells. They are also known as
Reactive Oxygen Species (ROS). The notation (°) in the following paragraph refers to the
single remaining odd electron while (") means a radical anion. Major ROS are the
superoxide anion (O," 7), hydrogen peroxide (H,0,), hydroxyl radical (HO"), peroxyl

radical (ROO"), nitric oxide radical (NO") and hypochlorous acid (HOCI).

2.1.1.1 Superoxide Radical (0,°")

O," " is a small and non-polarizable anion (Rice-Evans & Burdon, 1994) that is produced
in the inner membrane of mitochondria from various pathways. One of them is the
oxidation of xanthine or hypoxanthine to uric acid, by the dehydrogenase enzyme called
xanthine oxidase (Eq. 1 & 2). By reducing oxygen to superoxide anion, these radicals are
important sources of the initiation and propagation of several pathological processes in
vivo (Sanchez-Moreno, 2002). Autoxidation of metal complexes may also produce the
superoxide radical that becomes a precursor for other reactive species. Superoxide
reacts rapidly with nitric oxide (NO") to produce peroxynitrite ONOO', a potent agent of
LDL oxidation in vitro (Leeuwenburgh et al. 1997). At the same time, O," " triggers HO'
production by reducing the transition metal ions (either Fe’* or Cu’*) which then react
with hydrogen peroxide in Fenton reactions (Rice-Evans & Burdon, 1994).

Xanthine oxidase

Xanthine/Hypoxanthine + O; » Uricacia + O, (Eq. 1)

O, +  NADPH TR 0 +  NADP* (Eq. 2)



REFERENCES

Abd-Aziz, S. 2002. Sago Starch and Its Utilisation. Journal Of Bioscience And
Bioengineering. 94(6): 526- 529.

Aebi, H. 1974. Catalase. Method of Enzymatic Analysis. Volume 2. New York: Academic
Press.

Ahmad, S. 1995. Oxidative Stress and Antioxidant Defenses in Biology. One Penn Plaza,
New York: Chapman & Hall.

Ando, M., Harada, K., Kitao, S., Kobayash, M. & Tamura Y. 2003. Relationship between
peroxyl radical scavenging capability measured by the chemiluminescence
method and an aminocarbonyl reaction product in soy sauce. International
Journal of Molecular Medicine. 12: 923-928.

Bagchi, K. & Puri, S. 1998. Free Radicals and Antioxidants in Health and Disease. Eastern
Mediterranean Health J. 4(2): 350-360.

Baker, R. R. 1980. Mechanisms of smoke formation and delivery. Recent Advances in
Tobacco Smoke. 6: 184-224.

Ballmer, P. E., Reinhart, W. H. & Gey, K. F. 1994, Antioxidant Vitamins and Disease —
Risks of a Suboptimal Supply. Ther. Umsch. 51(7): 467—474.

Baptista, J. A. B., Tavares, ). F. P. & Carvalho, R. C. B. 2001. Comparison of

polyphenols and aroma in red wimes from Portugese mainland versus Azores
Islands. Food Research International. 34: 345-355.

Belton, P. S., Colquhoun, 1. J. & Hills, B. P. 1993. Applications of NMR to Food Science.
In Webb, G. A. (ed) Annual reports on NMR Spectroscopy. Volume 26. London:
Academic Press Limited.

Borg, D. C. 1993. Oxygen Free radicals and tissue injury. In Tarr, M. & Samson, F. (eds)
Oxygen Free radicals in Tissue Damage. Boston: Birkhauser.

105



Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein dye binding. Anal Biochem.
72: 248-254.

Braithwaite, A. & Smith, F. J. 1996. Chromatographic Methods. (5" edition). Glasgow:
Blackie Academic & Professional.

Brown, P. R. & Grushka, E. 1996. Advances in Chromatography. Volume 36. New York:
Marcel Dekker Inc.

Bruice, P. Y. 2001. Organic Chemistry. (3" edition). New Jersey: Prentice-Hall Inc.

Cano, A., Herandez-Ruiz, J., Garcia-Canovas, F., Acosta, M. & Arnao, M. B. 1998. An
end-point method for estimation of the total antioxidant activity in plant material.
Phytochemical Analysis. 9:196—202.

“Catalase structure” In http://www.mvl.chem.tu-berlin.de/research/lendzion/project. 27
January 2000.

Chang, W. C., Kim, S. C., Hwang, S. S., Choi, B. K., Ahn, H. J., Lee, M. Y., Park, S. H. &
Kim S. K. 2002. Antioxidant activity and free radical scavenging capacity between
Korean medicinal plants and flavonoids by assay-guided comparison. Plant
science. 163: 1161-1168.

Cheng, F-C., Jen, J-F. & Tsai, T-H. 2002. Hydroxyl radical in living systems and its
separation methods. J. Chromat. B. 781: 481-496.

Choi, C. W., Kim, S. C., Hwang, S. S., Choi, B. K., Ahn, H. J., Lee, M. Y., Park , S. H. &
Kim, S. K. 2002. Antioxidant activity and free radical scavenging capacity
between Korean medicinal plants and flavonoids by assay-guided comparison.
Plant Science. 163: 1161-1168.

Chow, C. K. 1988. Cellular Antioxidant Defense Mechanisms. Volume 2. Florida: CRC
Press Inc.

Decker, E. A. & Welch B. 1990. Role of ferritin as a lipid oxidation catalyst in muscle
food. Journal of Agricultural and Food Chemistry. 41: 1880-1885.

106



Diken, H., Kelle, M., Tumer, C., Deniz, B., Baylan, Y. & sermet, A. 2001. Effects of
cigarette smoking on blood antioxidant status in short-term and long-term
smokers. Turk J. Med. Sci. 31: 553-557.

Dumitriu, S. 1996. Polysaccharides in Medicinal Applications. New York: Marcel Dekker,
Inc.

Durak, 1., Yalcin, S., Burak Cimen, M. Y., Buyukkocak, S., Kacmaz, M. & Ozturk HS.
1999. Effects of smoking on plasma and erythrocyte antioxidant defense
systems. J. Toxicol Environ Health A. 56(6):373-378.

Ehara, H., Susanto, 5., Mizota, C., Hirose, S. & Matsuno, T. 2000. Production In The
Eastern Archipelago Of Indonesia: Variation In Morphological Characteristics And
Pith Dry-Matter Yield. Economic Botany. 54(2):197-20.

Elsayed, N. M. & Bendich, A. 2001. Dietary antioxidants: potential effects on oxidative
products in cigarette smoke. Nutrition Research. 21: 551-567.

Fang, Y. Z. & Zheng, R. L. 2002. Theory and Applications of Free Radical Biology.
Beijing: Scientific Press.

Farkas, O., Jakus, J. & Héberger, K. 2004. Quantitative Structure - Antioxidant activity
relationship of flavonoids compounds. Molecules. 9: 1079-1088.

Feinstein, K. 1995. Guide to Spectroscopic Identification or Organic Compounds. Florida:
CRC Press Inc.

Flach, M. 1997. Sago palm. Metroxylon sagu Rottb. In International Plant Genetic
Resources Institute (IPGRI). Promoting the conservation and use of underutilized
and neglected crops. (Prom Underused Crops) 13:1-76.

Gambelli, L. & Santaroni, G. P. 2004. Polyphenols content in some Italian red wines of
different geographical origins. Journal of Food Composition and Analysis. 17
613-618.

Garcez, M. E., Peres, W. & Salvador, M. 2005. Oxidative Stress and Hematologic and
Biochemical Parameters in Individuals with Down Syndrome. Mayo Clin Proc.
80(12):1607-1611.

107



Gibney, M. J., Macdonald, I. A. & Roche, H. M. 2003. Nutrition & Metabolism. Oxford:
Blackwell Science Ltd.

“Glutathione structure” In http://www.sgc.utoronto.ca. 13 December 2005.

Gunzler, H. & Gremlich, H-U. 2002. IR Spectroscopy: An Introduction. Weinheim:
WILEY-VCH Verlag GmbH.

Guzik, T. J., West, N. E. J., Pillai, R., Taggart, D. P. & Channon, K. M. 2002. Nitric Oxide
Modulates Superoxide Release and Peroxynitrite Formation in Human Blood
Vessels. Hypertension. 39:1088-1094.

Gulgin, 1., GUngor, S. 1., Beydemir, S., EImastag, M. & Irfan, K. ©. 2004. Comparison of
antioxidant activity of clove (Eugenia caryoplata Thunb) buds and lavender
(Lavandula stoechas L.). Food Chemistry. 87: 393-400.

Halliwell, B. & Gutteridge, JMC. 1989. Free Radicals in Biology and Medicine. (2"
edition). Oxford: Clarendon Press.

Halliwell, B., Murcia, M. A., Chirico, S. & Aruoma, O. I. 1995. Free radicals and
antioxidants in food and in vivo: what they do and how they work. Critical
Reviews in Food Science and Nutrition. 35: 7-20.

Harada, K., Okano, C., Kadoguchi, H., Okubo, Y., Ando, M., Kitao, S. & Tamura, Y. 2003.
Peroxyl radical scavenging capability of fish sauces measured by the
chemiluminescence method. International Journal of Molecular Medicine. 12:
621-625.

Hung, S-H., Yu, C-W. & Lin, C. H. 2005. Hydrogen functions as a stress signal in plants.
Bot. Bull. Acad. Sin. 46: 1-10.

Jacob, R. A., Aiello, G. M., Stephensen, C. B., Blumberg, J. B., Milbury, P. E., Wallock, L.
M. & Ames, B. N. 2002. Moderate Antioxidant Supplementation Has No Effect on

Biomarkers of Oxidant Damage in Healthy Men with Low Fruit and Vegetable
Intakes. Journal of Nutrition. 133: 740-743.

108



Jakus, V. 2000. The Role of Free Radicals, Oxidative Stress and Antioxidative System in
Diabetic Vascular Disease. Bratis/ Lek Listy. 101(10): 541-551.

Javandi, J., Stushnoff, C., Locke, E. & Vivanco, J. M. 2003. Antioxidant activity and total
phenolics content of Iranian Ocimum accessions. Food Chemistry 83: 547-550.

Jeon, SM., Bok, SH., Jang, MK., Kim, YH., Nam KT., Jeong, TS., Park, YB. & Choi, MS.
2002. Comparison of antioxidant effects of naringin and probucol in cholesterol-
fed rabbits. Clinica Chimica Acta. 317: 181-190.

Jiménez-Barbero, J. & Peters, T. 2003. NMR Spectroscopy of Glycoconjugates.
Weinheim: WILEY-VCH Verlag GmbH & Co., KGaA.

Jokic, A., Wang, M. C,, Liu, C., Frenkel, A. I. & Huang, P. M. 2004. Integration of the
polyphenol and Maillard reactions into a unified abiotic pathway for humification
in nature: the role of 8-MnO,. Organic Geochemistry. 35: 747-762.

Kanner, J., German, JB. & Kinsella, JE. 1987. Initiation of lipid peroxidation in biological
systems. Crit Rev Food Sci Nutr. 25 (4): 317-64.

Karlsson, J. 1997. Antioxidants and Exercise. Champaign, IL: Human Kinetics.

Kaur, C. & Kapoor, H. C. 2002. Anti-oxidant activity and total phenolics content of some
Asian vegetables. International Journal of Food Science and Technology. 37(2):
153-161.

Kikuzaki, H. & Nakatani, N. 1993. Antioxidant effects of some ginger constituents. J.
Food Sci. 58: 1407-1410.

Kirschmann, G. J. & Kirschmann, J. D. 1996. Nutrition Almanac. (4th edition). New York:
McGraw-Hill.

Koh, C. S. 2003. Tocotrienols: An Exciting Member of the Vitamin E Family with Positive
Health Effects. Selangor: Malaysian Palm Qil Promotion Council.

Koppenol, w.3H. 2001. The Haber-Weiss cycle — 70 years later. Redox Report. 6 (4):
229 -234.

109



Koul, A., Bhatia, V. & Bansal, MP. 2001. Effect of alpha-tocopherol on pulmonary
antioxidant defence system and lipid peroxidation in cigarette smoke inhaling
mice. BMC Biochemistry. 2:14.

Krasowska, A., Rosiak, D., Szkapiak, K. & Lukaszewicz, M. 2000. Chemiluminescence
detection of peroxyl radicals and comparison of antioxidant activity of phenolics
compound. Current topics in Biophysics. 24 (92) : 89-95,

Kroon, P. A., Clifford, M. N., Crozier, A., Day, A. J., Donovan, J. L., Manach, C. &
Wiliamson, G. 2004. How should we assess the effects of exposure to dietary
polyphenols in vitro. Am J. Clin. Nutr. 80: 15-21.

Lambert, J. B., Shurvell, H. F., Lightner, D. A. & Cooks, R. G. 1998. Organic Structural
Spectroscopy. New Jersey: Prentice-Hall Inc.

Leeuwenburgh, C., Hardy, M. M., Hazen, S. L., Wagner, P., Oh-ishi, S., Steinbrecher, U.
P & Heineck, J. W. 1997. Reactive Nitrogen Intermediates Promote Low Density
Lipoprotein Oxidation in Human Atherosclerotic Intima. The Journal of Biological
Chemistry. 272(3): 1433-1436.

Li, X.-M., Shi, Y.-H., Wang, F., Wang, H.-S & Le, G.-W. 2006. In vitro free radical
scavenging activities and effect of synthetic oligosaccharides on antioxidant
enzymes and lipid peroxidation in aged mice. Journal of Pharmaceutical and
Biomedical Analysis. 43(1): 364-370.

Limaye, P. V., Raghuran, N. & Sivakami, S. 2003. Oxidative stress and gene expression
of antioxidant enzymes in the renal cortex of streptozotocin-induced diabetic rats.
Molecular and Cellular Biochemistry. 243: 147-152.

Liu, J., Yeo, H. C., Vervik-Douki, E. O., Hagen, T., Doniger, S. J., Chu, D. W., Brooks, G.
A. & Ames, B. N. 2000. Chronically and acutely exercised rats: biomarkers of
oxidative stress and endogenous antioxidants. Journal Appl. Physiol. 89: 21-28.

Lotito, S. B. & Frei, B. 2004. The increase in human plasma antioxidant capacity after
apple consumption is due to the metabolic effect of fructose on urate, not apple-
derived antioxidant flavonoids. Free Radical Biology & Medicine. 37 (2): 251-258.

110



Mann, J., Davidson, R. S., Hobbs, J. B., Banthorpe, D. V. & Harborne, J. B. 1994. Natural
Products: Their chemistry and Biological Significance. England: Longman Group
UK Limited.

Marcal, L.E., Rehder, J., Newburger, P. E. & Condino-Neto, A. 2004. Superoxide release
and cellular glutathione peroxidase activity in leukocytes from children with
persistent asthma. Brazilian Journal of Medical and Biological Research. 37:
1607-1613.

Markis, D. P., Psarra, E., Kallithraka, S. & Kefalas, P. 2003. The effect of polyphenolic
composition as related to antioxidant capacity in white wines. Food Research
International. 36: 805-814.

Marklund, S. & Marklund, G. 1974. Involvement of the superoxide anion radical in the

autoxidation of pyrogallol and a convenient assay for superoxide dismutase. Eur.
J. Biochem. 47 (3): 469-74.

McClatchey, W., Manner, H. I. & Elevitch, C. R. 2004. Metroxylon amicarum, M. sagu, M.
salomonense, M. vitiense and M. warburgii (sago palm) Arecaceae (palm family)
Special profiles for Pacific Island Agroforestry, www traditionaltree.org.

McNaught, A. D. & Wilkinson, A. 1997. Compendium of Chemical Terminology. The Gold
Book. (2" editin). Oxford: Blackwell Science.

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

Moure, A., Cruz, J. M‘f. Franco, D., Dominguez, J. M., Sineiro, J., Dominguez, H., NURez,
M. J. & Parajo, J. C. 2001. Natural antioxidants from residual sources. Food
Chemistry. 72: 145-171.

Nagai, T., Inoue, H. & Suzuki, N. 2003. Preparation and antioxidant properties of water
extract of Propolis. Food Chemistry. 80: 29-33.

Niculescy, L., Stancu, C., Sima, A., Toporan, D. & Simionescu, M. 2001. The total peroxyl

radical trapping potential in serum - an assay to define the stage of
atherosclerosis. J. Cell. Mol. Med. 5 (3):285-294.

111



OEHHA (Office of Environmental Health Hazard Assessment). 1997. Health Effects of
Exposure to Environmental Tobacco Smoke. Final Report. California
Environmental Protection Agency.

Oyaizu, M. 1986. Studies on product of browning reaction prepared from glucose amine.
Japan Journal of Nutrition. 44: 307-315.

Paglia, ED. & Valentine, WN. 1967. Studies on the quantitative and qualitative
characterization of erythrocytes glutathione peroxidase. J. Lab. Clin. Med. 70 (1):
158-69.

Panda, K., Chattopadhyay, R., Chattopadhyay, D. & Chatterjee, 1. B. 2001, Cigarette
smoke induced proetin oxidation and proteolysis is exclusively caused by its tar-
phase: prevention by vitamin C. Toxicology Letters. 123: 21-32.

Rahmat, A., Kumar, V., Loo, M. F., Endrini, S. & Abdullah, H. 2003. Determination of
total antioxidant activity in three types of local vegetables shoots and the
Cytotoxic effect of their ethanolic extracts against different cancer cell lines. Asia
Pacific J. Clin. Nutr. 12 (3): 308-311.

Reuben, C. 1995. Antioxidants — Your Complete Guide: Fight Cancer and Disease,
Improves your Memory and Slow the Aging Process. Rocklin: Prima Publishing.

Rice-Evans, C. A. & Burdon, R. H. (eds.) 1994. Free Radical Damage and its Control.
New Comprehensive Biochemistry Volume 28. Oxford: Elsevier Science B. V.

Sakihoma, Y., Nakamura, S. and Yamasaki, H. 2002. Nitric Oxide Production mediated by
nitrate reductase in the green alga Chlamydomonas reinhardtii: An alternative NO
production pathway in photosynthetic organisms. Plant Cell Physiol. 43 (3): 290-
297.

Sam, T. W. 1993. Toxicity testing using the brine shrimp: Artemia salina. In Colegate, S.
T. & Molyneux, R. J. Bioactive Natural Products: Detection, Isolation and
Structural Determination. Florida: CRC Press, Inc.

Sanchez-Moreno, C. 2002. Review: Methods used to evaluate the free radical scavenging
activity in food and biological systems. Food Sci Tech Int. 8 (3): 121-127.



Senevirathne, M., Kim, 5-H., Siriwardhana, N., Ha, J-H., Lee, K-W. & Jeon, Y-J. 2006.
Antioxidant Potential of Ecklonia cava on reactive oxygen species scavenging,
metal chelating, reducing power and lipid peroxidation inhibition. Food Sci. Tech.
Int. 12(1): 27-38.

Silverstein, R. M. & Webster, F. X. 1996. Spectrometric Identification of Organic
Compounds. (6" edition). USA: John Wiley & Sons, Inc.

"Superoxide dismutase structure” In http://www.3dchem.com/molecules. April 2001.

Tarhan, L. & Tuzmen, M. N. 2000. Some properties of Cu, Zn-Superoxide Dismutase
from sheep erythrocyte. Turkish Journal of Chemistry. 24:109-116.

Traber, M. G., Podda, M., Weber, C,, Thiele, J., Rallis, M. & Packer L. 1997. Diet-derived
and tropically applied tocotrienols accumulate in skin and protect the tissye
against ultraviolet light-induced oxidative stress. Asia Pacific J. Clin Nutr. 6 (1):

63-67/.

Velioglu,Y. S., Mazza, G., Gao, L. & Oomah, B. D. 1998. Antioxidant activity and total
phenolics In selected fruits, vegetables, and grain products. Journal of
Agricultural Food & Chemistry. 46:4113-4117.

wang, H. & Helliwell, K. 2001. Determination of flavonols in green and black tea leaves
and green tea infusions by High-performance liquid chromatography. Food
Research International . 34: 223-227.

winterbourn, C. C. & Kettle, A. J. 2000. Biomarkers of myeloperoxidase-derived
hypochlorous acid. Free radical Biology and Medicine. 29 (5): 403-409.

Woodard, B. 1965. Principles in Drug Administration. In Gay W. I. (eds) Methods of
Animal Experimentation. New York: Academic Press Inc.

Wwu, J. H., Xu, C., Shan, C. Y. & Tan, R. X. 2006. Antioxidant properties and PC12 cell
protective effects of APS-1, a polysaccharide from Aloe vera var chinensis. Life
Sciences. 78: 622-630.

yen, G.-C and Wu, J.-Y. 1999. Antioxidant and radical scavenging properties of extracts
from Ganoderma tsugae. Food Chemistry. 65: 375-379.

113



Yu, J., Ahmedna, M. & Goktepe, 1. 2004. Effects of processing methods and extraction

solvents on concentration and antioxidant activity of peanut skin phenolics. Food
chemistry. 90(1-2): 199-206.

Zahraie M., Goodarzvand K., Sadeghpour H. R. and Kiani A. (2005) Effects of cigarette
smoking on erythrocyte antioxidative enzyme activities and plasma
concentrations of their cofactors. Acta Medica Iranica. 43(4): 253-258.

Zhang, J., Jiang, S. & Watson, R. R. 2001. Antioxidant supplementation prevents

oxidation and inflammatory responses induced by sidestream cigarette smoke in
old mice. Environ Health Perspect. 109: 1007-1009.

Zhang, Z., Araghiniknam, M., Inserra, P., Jiang, S., Lee, J., Chow, S., Breceda, V.,
Balagtas, M., Witten, M. & Watson R. R. 1999. Vitamin E supplementation
prevents lung dysfunction and lipid peroxidation n nude mice exposed to side-
stream cigarette smoke. Nutrition research. 19 (1): 75-84.

N



