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The present study aimed to investigate the chemical composition,
phytochemical composition, total phenolic content (TPC) antioxidant activity of Thai
pomegranate juice (TPJ), and the protective effects of TPJ on oxidative stress and
morphological changes of rat skeletal muscle cell induced by ischemia-reperfusion.
Fresh TPJ was found to contain protein, carbohydrate, sugars (glucose and fructose),
vitamins (E and C) and minerals (calcium, ph.OSphOI'US, sodium, potassium, and
magnesium). The antioxidant activity and total phenolic conter—lt (TPC) of
concentrated TPJs by rotary vacuum evaporation and microwave evaporation were
not significantly different. Intragastric injection of low, middle, and high doses of TPJ
1 h before reperfusion had an effect on antioxidant activity in rat skeletal muscle by
measuring the levels of enzyme antioxidants (superoxide dismutase and catalase),
hon-enzyme antioxidants (glutathione), and the marker of lipid peroxidation
(malondialdehyde, MDA) in gastroénemius muscle induced by ischemia-reperfusion
(the muscle was induced 4 h of ischemia and 2 h bf reperfusion). The activities of
suberoxide dismutase and catalase, and the levels of glutathione in skeletal muscle of

TPJ-treated groups were significantly higher than vehicle control group. Moreover,
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MDA levels in skeletal muscle TPJ-treated groups were significantly lower than
vehicle control group. In conclusion, the antioxidants in TPJ can contribute to the
reduction of oxidative stress. Thus, the drinking of TPJ may be useful for protecting
oxidative stress occurring from many causes, such as exhaustive exercise-induced free

radicals production.
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CHAPTER

INTRODUCTION

1.1 Introduction

In recent years, the world health organization (WHO) reported an increase of
crude death rate from diabetes mellitus, liver cancer, ischemic heart diseases, stroke,
and kidney diseases in Thai population during 2000-2012 (WHO, 2015). Currently,
the Thai health promotion foundation is embarking on a campai@ to promote stop
eating junk food and turn to eat healthy foods such as fruits and vegetables.
Vegetables and fruits are sources of vitamins, minerals, fibers, plant protein, carotene,
carotenoid, and antioxidants. Eating a diet rich of vegetables and fruits can reduce risk
of obesity, heart disease, stroke, diabetes and cancer (WHO, 2016).

Pomegranate juice possesses a healthful antioxidant property. Effects of
prolonged pomegranate juice ingestion on systemic oxidative stress protection were
demonstrated in mice (Faria et al, 2007). Significant decreases in oxidative
biomarkers for the damage of lipids, proteins and DNA were found after prolonged
pomegranate juice injection. In term of improving antioxidant function in the elderly
subjects, the effect of pomegranate juice was found to be better than the effect of
apple juice (Guo et al., 2008). Pomegranate juice, which is high in polyphenols, could
improve antioxidant functiog and reduce oxidative damage to macromolecules
significantly in aged rats. In aged rats, pomegranate juice showed signiﬁcantly higher

serum antioxidant capacity than control group. The concentration of serum protein



carbonyl level was significantly decreased in pomegranate juice as compared to apple
juice (Xu et al., 2005).

Phenolic compounds, abundantly found in pomegranate juice, are attributed to
antioxidant activity that can eliminate free radicals. Pomegranate juice has been
considered to be a rich source of antioxidants and total polyphenols content.
Pomegranate juice contains many components such as phenolic, tannins, ellagic acid,
gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid, ferulic acid, p-
coumaric acid, catechin, phloridzin, quercetin, anthocyanins, punicalagin,
phytoestrogens, flavonoids and tannins (Gil et al., 2000). Many previous studies have
been reported about the antioxidant activity of pomegranate juice. In vitro study, the
antioxidant activity of pomegranate juice evaluated by ABTS, DPPH, DMPD, and
FRAP has been shown to be better than green tea and red wine (Gil et al., 2000). In
human study, the impact of pomegranate juice on biomarker of oxidative stress,
muscle damage and inflammation induced by exercise in healthy young men was
evaiuated. Decrease of malondialdehyde (MDA), a marker for oxidative stress, was
found in pomegranate administered group. Lactate dehydrogenase (LDH), C-reactive
protein (CRP) and creatine kinase (CK) were not significant in any of the groups
(Bayat ef al., 2015).

Oxygen free radicals are considered to be important component involving in
the physio-pathological tissue alterations observed during ischemia-reperfusion.
Ischemia-reperfusion of skeletal muscle can trigger a series of deleterious phenbrnena
in tissue, such as free radical production by the ischemia cells (Choudhury et al.,
1991). Free radicals have harmful effects 6n lipids, proteins, carbohydrates, and

nucleic acids that can cause cell injuries. Cell injuries caused by free radicals can be



prevented by antioxidant defense mechanism. Pomegranate juice possesses high
antioxidant capacity and antioxidants found in pomegranate juice may prevent the
muscles from oxidative stress. Therefore, this study investigated the antioxidant
effects of pomegranate juice on oxidative stress induced by ischemia-reperfusion (I/R)
in skeletal muscle in the rat model through evaluation of biochemical markers of

oxidative stress in the muscle tissue.

1.2 Research objectives

The present study aimed to

1. determine chemical composition, phytochemical composition and total
phenolic content (TPC) of Thai pomegranate juice in different concentration methods,

2. determine antioxidant activity of Thai pomegranate juice,

3. determine the best concentration method by comparison of time for
evaporation, total phenolic content (TPC) and antioxidant activity of Thai
pomegranate juice,

4. examine the protective effects of Thai pomegranate juice on ischemia-
reperfusion-induced (I/R-induced) oxidative stress in rat skeletal muscle,

5. examine the effects of Thai pomegranate juice on morphological changes of
muscle cell in ischemia—reperﬁlsion—ind-uced (/R-induced) oxidative stress in rat

skeletal muscle.

1.3 Research hypothesis

Thai pomegranate juice can exert beneficial antioxidant effects in reducing

and preventing muscle injury during ischemia-reperfusion.



CHAPTER II

LITERATURE REVIEW

2.1 Pomegranate (Punica granatum L.)

The pomegranate family has a single genus Punica with two species, Punica
granatum and Punica protopunica. Pomegranate (Punica granatum L.) is one of the
oldest fruit that widely grown in several regions of the world. Pomegranate is one of
the most popular nutrition and healthy fruits. Pomegranate is a native fruit from Iran
(Mousavinejad, Emam-Djomeh, Rezaei, and Khodaparast, 2009), the Himalayas in
north India (Opara, Al-Ani, and Al-Shuaibi, 2009) and possible to some surrounding
area. It is primarily cultivated in Mediterranean countries, Turkey (Ercisli et al.,
2007), United States, Afghanistan, Russia, India, China (Li ef al., 2015), Japan and
Thailand. All parts of the pomegranate have different medicinal benefits. The rind of
the pomegranate fruit and bark of the pomegranate tree have been used as a traditional
cure against diarrhea, dysentery, and intestinal parasites. The seeds and juice are
considered to be a tonic for the heart, throat, eyes, stopping nose bleeds and gum
bleeds (Bhowmik et al., 2013). Pomegranate tPunica granatum L.) is one of the most

popular nutritious and healthy fruits. Pomegranate fruit possesses various biological

properties such as antioxidant activity, anti-inflammatory activity, antibacterial,

antifungal, anticancer, anti-proliferative, and anti-allergic activity. Pomegranate fruit
is an antioxidant-rich food that contains three types of antioxidant polyphenols,

including tannins, anthocyanins, and ellagic acid (Qu, Breksa Iii, Pén, and Ma, 2012;




Panichayupakaranant, Tewtrakul, and Yuenyongsawad, 2010; Guo et al., 2003;
Dahham, Ali, Tabassum, and Khan, 2010; Jeune, Kumi-Diaka, and Brown, 2005;
‘Seeram ef al., 2005).

Thai pomegranate family is Lythraceae, botanical name is Punica granatum L.

and the native name is Thap Thim (Figure 1 and 2).

Figure 1 Pomegranate tree and its fruits.

Figure 2 Thai pomegranate (Punica granatum L.), or Thap Thim, Fruits from

Pakchong, Nakhon Ratchasima, Thailand.

Pomegranate (Punica granatum L.) juice
Pomegranate (Punica granatum) juice taken from pomegranate fruit is a rich
source of antioxidants and total polyphenols content. Pomegranate juice contains

many components such as sugar content (fructose, glucose), major acids (citric and



malic acids) (Tezcan, Giiltekin-Ozgiiven, Diken, Ozgelik, and Erim, 2009), phenolic,
tannins, ellagic acid, gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid,
ferulic acid, p-coumaric acid, catechin, phloridzin, quercetin, anthocyanins,
punicalagin, phytoestrogens, flavonoids, and tannins (Gil ef al., 2000). Pomegranate
juice had showed highly amount of punicalagin. Primary polyphenol in pomegranate
juice of pomegranate cultivars in China was punicalagin, punicalagins are tannins.
The results were showed punicalagins concentration of the 10 pomegranate juice
ranged from 298.99 t01042.93 pg/mL (Li et al., 2015). The study of pomegranate
juices (Punica granatum L.) of eight Iranian cultivars were determined components by
high performance liquid chromatography coupled to UV—vis detector (HPLC-UV),
total phenolic content (determination by Folin—Ciocalteu method), and antioxidant
activities (determination by and 2,2-diphenyl-1-picrylhydrazyl (DPPH) method). The
significant anthocyanins were delphinidin 3,5-diglucoside (372-5301 mg/1) followed
by cyanidin 3,5-diglucoside (242-2361 mg/1), delphinidin 3-glucoside (49—1042 mg/1)
and pelargonidin 3,5-diglucoside (7-90 mg/l), respectively. The highest level of total
tannins was found in Sweet Alak cultivar (3 mg/1). Saveh Black Leather presented the
highest level of ellagic acid (160 mg/l). Antioxidant activity varied among the
cultivars (1842 Trolox equivalents antioxidant capacity) and was directly related to
the total phenolics in each type of juice (Mousavinejad et al., 2009). Pomegranate
Juice from Spain was determined total phenolic content (TPC), total antioxidant
activity (TAA), and antioxidant vitamin composition (A, C, and E). Total phenolic
content was determined by using Folin-Ciocalteu (FC) method. An antioxidant
activity was used Ferric reduction.ability power (FRAP.assay). Vitamin assessments

were conducted by using high performance liquid chromatography detector (HPLC).



An antioxidant vitamin composition in pomegranate juice presented vitamin A was
22.8+0.69 pg/100 g, vitamin C was 57.840.59 mg/100 g, and vitamin E was
0.07£0.01 mg/100 g. Total phenolic content in pomegranate juice was showed
2696+49 mgGAE/L, and antioxidant activity was 32+5.1mmol/L (Anahita, Asmah,
and Fauziah, 2015). Twenty pomegranate cultivars grown in Iran showed total soluble
solids content varied from 11.37 ('Brix) to 15.07 ( Brix), pH values from 3.16 to 4.09,
titratable acidity content from 0.33 g 100 g/L to 2.44 g 100 g/L and total sugars
content from 13.23 g 100 g/L to 21.72 g 100 g/L. The results also showed that the
values of ascorbic acid ranged from 9.91 mg 100 g/L to 20.92 mg 100 g/L. The total
anthocyanins content was observed in pomegranate cultivars between 5.56 mg 100
g/L and 30.11 mg 100 g/L. The level of total phenolics was varied from 295.79 mg
100 g/L to 985.37 mg 100 g/L. The antioxidant activity of pomegranate cultivars was
presented between 15.59 and 40.72% (Tehranifar et al., 2010). Pomegranate juice has
been reported to possess various properties, including anti-proliferative, anti-
carcinogenic, anti-microbial, anti-viral, and  anti-atherosclerotic activities.
Pomegranate juice is a rich source of tannins that possess anti-atherosclerotic
properties, anti-aging effect, and potent anti-oxidative characteristics. Moreover,
pomegranate juice consumption has been found to have several medical benefits to
prevent and treat a wide variety of diseases such as cancer (Wang, Ho, Glackin, and
Martins-Green, 2012), cardiovascular disease (Fuhrmaﬁ, Volkova, and Aviram,
2005), diabetes (Rosenblat, Hayek, and Aviram, 2006), Alzheimer’s disease (Hartman
et al., 2006) and Parkinson's disease (Tapias, Cannon, and Greenamyre, 2014). The
health benefits of pomegranate juice a?e attributed to its antioxidant activity and high

total polyphenol content. Antioxidant activities of pomegranate juice were also



reported in many research studies. Daily consumption of the pomegranate juice during
exercise improving antioxidant function was demonstrated in young healthy male.
The subjects were randomly divided into two groups, the subjects of first group
received one cup of pomegranate juice and second group received water daily for two
week in each groups. The subjects were given exhaustive exercise and collected the
blood. Glutathione peroxidation, superoxide dismutase, and antioxidant capacity in
group received the pomegranate juice was significantly increased. Moreover, it was
shown that the pomegranate juice could protect exhaustive exercise inducing in young
healthy males (Mazani et al., 2004). The effect of pomegranate on antioxidant was
shown against lipid peroxidation of whole plasma in mice. Pomegranate juice
consumption could reduce cellular lipid peroxidation and superoxide release in mice
(Aviram et al., 2000). All of the participants were separated into two groups by design
the treatment group received pomegranate pure juice (500 ml/day containing
polyphenol contents of 1685 mg GAE/L) and placebo group received water and
exercise for 30 min. The effect of pomegranate juice consumption was attenuated
post-exercise oxidative stress and reduced MDA level. In addition, the effect of
exercises induced lipid peroxidation (MDA)) was significantly decrease in participants
received pomegranate pure juice more than placebo received water group (Al-Dujaili,
2016).

Safety of pomegranate fruit

The study of acute toxicities of the pomegranate fruit extracts shown LD 50 of
oral administered in rats and mice was greater than 5 g/kg body weight. While, LD 50
of intraperitoneal administered was shovlved at 217 and 187 .mg/kg body weight.

Moreover, the investigation of subchronic toxicities of pomegranate extract at dose



600 mg/kg body weight/day shown no observed adverse effect in rats during 90 days
(Patel, Dadhaniya, Hingorani, and Soni (2008). In addition, previous research showed
that the rats received 6% of punicalagin containing diet for 37 days does not change in
any hematology and serum chemistry parameters including antioxidant enzymes
glutathione peroxidase and superoxide dismutase. Also, the examination of the liver
and kidney in treated group did not change when compared to control group (Cerda,
Cerén, Tomas-Barberan, and Espin, 2003). In atherosclerotic patients with carotid
artery stenosis on the progression of the carotid lesion the 3 years of pomegranate
juice consumption (121 mg/L EA equivalents, containing tannin and anthocyanins)
had no toxic effect on blood chemistry analysis of many organs (kidney, liver and
heart function) (Aviram et al., 2004). In the study in 86 overweight human volunteers
received pomegranate ellagitannin-enriched polyphenol extract (POMXx) capsules in
an amount up to 1,420 mg/day (870 mg Gallic acid equivalents) for 28 days, no
adverse events reported or adverse change in blood or urine laboratory values

observed (Heber ef al., 2007).

2.2 Ischemia-reperfusion (I/R)

Ischemia-reperfusion injury is a common and important clinical problem.
Ischemia reperfusion injury is a major cause of cell damage to qell death in various
organs such as stomach (Yoshikawa et al., 1989), pancreas (Hoffmann, Leiderer,
Waldner, Arbogast, and Messmer, 1995), liver (Kitagawa, Yokoyama, Kokuryo, and
Nagino, 2013), skeletal muscle (Huk et al., 1997), heart (Cheung et al., 2000), lung
(Eppinger, Deeb, Bolling, and Ward, 1997), kidney (Sharples ef al., 2004) and brain

(Chen, Du, and Zhang, 2000). Cell death from ischemia-reperfusion injury has been
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‘rgported to have features of necrosis (Golstein and Kroemer, 2007), apoptosis
(Hamacher-Brady, Brady, and Gottlieb, 2006), and autophagy (Takagi, Matsui, and
Sadoshima, 2007). The alterations in cell metabolism of ischemia and reperfusion
period are shown in Figure 3. Ischemia reperfusion is separated into two phenomena:
the first period of ischemia and the second period of reperfusion. Ischemia-
reperfusion is a caused of local and systemic damage. The main factors responsible
are the reactive oxygen species and activated neutrophils. The common source of
reactive oxygen species are the xanthine oxidase and activated neutrophils in

ischemia-reperfusion.

Figure 3 Alterations in cell metabolism of ischemia and reperfusion period.
Membrane permeability transition (MPT), Cytochrome C (Cyto C), Reactive oxygen
species (ROS), Adenosine triphosphate (ATP). Calcium (Ca), Membrane potential

(Ay). Mitochondria (Mito) (Murephy and Steenbergen, 2008).
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Ischemia period

The skeletal muscle cells are absent of oxygen and nutrient supply as a result
of ischemia. Ischemia induced the marked change in energy metabolism in skeletal
muscle in a period of 1.5 to 2.5 h but the energy metabolism can be reversible after
revascularization and restoration of blood flow (Larsson and Hultman, 2011). The
alterations in cell metabolism after ischemia period are shown in Figure 4. In addition,
previous study showed prolong ischemia was caused an intracellular adenosine
triphosphate (ATP) levels depleting and overloading of calcium in the cells (Nayler et
al., 1979). The period of ischemia has arisen a decrease in cellular energy storage
causing an abnormality in various systems in the cell such as a loss of energy
(decrease in ATP), Ca™* overload in the cytoplasm and mitochondria, Na" overload in
the cytoplasm, swelling of mitochondria, and lack of lysosomal enzyme.
Mitochondria are essential for cell death in the living cells, mitochondria are center of
ATP synthesis and ROS production (Murephy and Steenbergen, 2008). The ATP is
the main factor of cell function such as ion exchange in the cell. Ischemia is leading
cells to generalte a massive of oxygen radical. Mitochondria activation, ischemia was
caused of swelling, disruption, superoxide radicals, NADH, flavoprotein and release
the component of electron transport system. The utilization of ATP in cells increased
during the myocardial ischemia is an indicator of increasing of xanthine concentration
(Jennings and Reimer, 1981). The accumulation of xanthine deﬁydrogenase was
converted to xanthine oxidase during the period of canine myocardial ischemia
(Chambers et al., 1985). Superoxide and hydrogen peroxide derived from endothelial
Xanthine oxidase was founded involving in attl';chtiOIl and activation neutrophils in

post-ischemia tissue (Juranek and Bezek, 2005). The xanthine oxidase is an enzyme’
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produced the superoxide radical and hydrogen peroxide in ischemia period. Acute
myocardial ischemia have a several potential source of increase oxygen radical
production such as dissociation of the intra-mitochondrial electron transport system
results in release of ubisemiquinone, flavoprotein, and superoxide radicals.
Phospholipase was activated by calcium influx and may enhance arachidonic acid
metabolism. The arachidonic acid pathway generating the oxygen free radical (Kontos
et al., 1983). Moreover, ischemia can induce nitric oxide (NO) synthase in the cell,
and the generated NO can interact with superoxide to form peroxynitrite. The
anaerobic glycolysis pathway is a resultant of the absence of oxygen during ischemia
period. Oxygen absent causes decreases in pH and ATP from the anaerobic glycolysis
pathway. Moreover, ischemia period causes the decrease in phosphocreatine (CrP)
levels (40% to 30-60 min and 60% in 60-90 min) and the increase in lactate levels

(225% in 30-60 min and 300% after 60-90 min) (Haljaméae and Enger, 1975).
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r@ of blood flow after a period of ischemia occurs in reperfusion
f 1856hemf:;ﬂ@arﬁﬁgsiqn~ (I/R). Skeletal muscle of the limb is the most
rgan to ischemia. The irreversible muscle cell damage starts after 3 h of
a and completed about 6 h (Blaisdell, 2002). The reperfusion restores blood
scle again. The free radicals occur when the membrane lipid peroxidation
n influx by re-oxygenation and the result of disruption of oxidative re-
1on in the mitochondria. During the reperfusion period, xanthine
enase was converted into xanthine oxidase by oxygen as a substrate and

g superoxide radical and hydrogen peroxide (Granger et al., 2001).
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Neutrophils are one source of reactive oxygen species (ROS) during reperfusion by
‘endothelial cell generates reactive oxygen species. The ROS production is mainly due
to activation of xanthine oxidase (XO) in endothelial cell and NADPH oxidase in the
inflammatory cell. Ischemia-reperfusion injury (IRI) causes neutrophils activation,
increasing plasma TNF-a, IL-1B levels, and releasing free oxygen radicals that are
related to the burst of reactive oxygen species (ROS) generated after reperfusion. The
increases in plasma TNF-a, IL-1P levels, the antioxidant enzyme (SOD, CAT, and
GPx) activities, MDA, nitric oxide (NO), and protein carbonyl content level were
shown in ischemia-reperfusion-induced group using 4 h of ischemia and 2 h of
reperfusion protocol in rat skeletal muscle model (Avci et al, 2012). Ischemia-
reperfusion injury (4 h of ischemia and 24 h of reperfusion) caused necrosis (the
average percentage was 18%) and apoptosis (the average percentage was 40%) (Wang

et al., 2008).

2.3 Free radical and Reactive oxygen species (ROS)

Free radicals defined as molecules or molecular fragments containing one or
more unpaired electrons of an oxygen molecule (Halliwell and Gutteridge, 2015).
Reactive oxygen species (ROS) comprise both free radical and non-free radical
oxygen intermediates (Suttajit e al., 2012), as shown in Table 1. ROS ére chemically
reactive molecule containing oxygen including peroxide, superoxide, hydroxyl
Tadical, hydroperoxide, and peroxyl radical. Free radicals are highly reactive and
ready to interact with many 'cell components such as lipids, proteins, carbohydrates
and DNA. Destabilization of the cell structure occurs after the electron molecule of

the neighbor molecule is stolen by free radical reactions. ROS are formed as a natural
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byproduct of normal metabolism of O; and plays an important role in cell signaling
and homeostasis. Normally, the ROS is an endogenous product of cell metabolism,
es_pecial'l-y in the mitochondrial oxidative phosphorylation. Increased ROS levels can
result from environmental stress such as heat and UV exposures, causing significant
cell injury and damage (Devasagayam ef al., 2004). Superoxide (02_), a product of
molecular oxygen (O) reduction, is the precursor of most other reactive oxygen
species (Turrens, 2003). Superoxide dismutase catalyzes the dismutation of the
superoxide into hydrogen peroxide. Hydrogen peroxide, in turn, may be partially
reduced to hydroxyl radical or fully reduced to water (Turrens, 2003). The superoxide
is a product of the mitochondria (Cadenas and Sies, 1998). The molecule oxygen is
widely available to the aerobic organism. The reduction of oxygen to water in the
living cell can proceed by two pathways, including mitochondrial enzyme cytochrome
oxidase pathway and the univalent pathway of oxygen reduction. Normally, over 95%
of the oxygen consumption of the cell was catalyzed by mitochondrial cytochrome
oxidase pathway. Cytochrome oxidase is a mitochondrial enzyme that reduces oxygen
to water by tetravalent reduction without producing any intermediates. The remaining
5% of oxygen consumption is reduced by univalent pathway in which several oxygen
radical species are produced such as superoxide anion, hydrogen peroxide, and
production of hydroxyl radicals. ROS initiate the production of toxic metabolites such
as malondialdehyde (MDA), a sensitive marker of lipid peroxidation of cellular
membrane in IRI. ROS have a number of functions causing cell damage in IRI, one of
which is achieved through the process of lipid peroxidation. The antioxidant enzyme
System provides defensive agents against ROS to protect cellé from oxidative daInage.

Oxidative damage is an imbalance between the scavenging capacity of antioxidant
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enzyme and ROS. Antioxidant enzymes include superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx), these enzymes catalyzed ROS into
less reactive substances. Prolonged ischemia reperfusion cause damage to skeletal
muscle cells and the imbalance between the radical scavenging capacity of enzyme

antioxidant and ROS.

Table 1 Classification of ROS (Rahman, Hosen, Islam, and Shekhar, 2012).

Reactive oxygen species (ROS)

Radical ‘ Non-radical

0 f Superoxide H,0, Hydrogen peroxide
OH Hydroxyl HCCl Hypochlorous acid
RO, Peroxyl 0, Ozone

RO Alkaxyl 0, Siglet oxygen

HO, Hydroperoxyl ONOO Peroxynitrite .
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2.4 Sources of ROS

The main source of ROS in the ischemia reperfusion model is the

mitochondrial respiratory electron transport chain and xanthine oxidase (XO or

XAO).

Mitochondrial respiratory electron transport chain

Metabolism of the cell, the product of electron-transport chains are ATP,
water, and superoxide. Then the superoxide was changed to hydrogen peroxide and
hydroxyl radical by 0.15 and 2% of cellular O; consumption (Tahara, Navarete, and
Kowaltowski, 2009). Mitochondrial electron transport chain is a source of ATP of the
cell. Energy transduction, a small number of electrons leak to oxygen prematurely,
forming the oxygen free radical superoxide by superoxide are the cause of many
diseases (Kovacic, Pozos, Somanathan, Shangari, and O'Brien, 2005; Valko, Izakovic,
Mazur, Rhodes, and Telser, 2004). Superoxide is produced from leading electron
through the group of protein, including both complexes I and III by electron transport
chain mechanism.

Xanthine oxidoreductase (XOR) and xanthine oxidase (XO or XAQ)

Xanthine oxidoreductase (XOR) is complex molybdo-flavoenzyme found in
milk and many other tissues. XOR is a type of enzyme that generates reactive oxyéen
species reducing molecular oxygen. Mammalian XOR consists of two interconvertible
forms, including xanthine dehydrogenase (XDH), and xanthine oxidase (XO or XAQ)
(Ardan, Kovadeva, and éejkové, 2004§ Martin, Hancock, Salisbury, and Harrison,
2004); Xanthine oxidase is the enzyme that activates a free radical in human.

Xanthine oxidase (XO) play an important role in the catabolism of purine by the
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accelerating reaction of hypoxanthine to xanthine and xanthine to uric acid together
with electron transport chain to superoxide (free radical) as shown in Figure 5
(Harrison, 2002; Hille, 2005). The XO is a superoxide-producing enzyme, with
general low specificity (Bonini, Miyamoto, Mascio, and Augusto, 2004). XO can

‘combine with other compounds and enzymes, producing reactive oxidants and oxide

substrates.
XD
NAD* NADH NAD* NADH
Hypoxanthine Xanthine Uric acid
0, 03 H,0, X0 0, 03 HO,

Figure 5 Xanthine oxidase system (Hideharu, 2013).

Xanthine dehydrogenase (XDH) transfers electron to NAD+ and subsequently
generates NADH. Xanthine oxidase (XO or XAO) transfers electrons to O, and
subsequently generates oxidative stress. The period of ischemia can induce cellular
caleium overload, enhancing XDH-XO conversion. Calcium-triggered proteolytic
attack on XDH causes the release of XO. Reperfusion period, enhanced XO can
produce more ROS including superoxide, hydrogen peroxide, and hydroxyl radicals

that can exaggerate cellular damage (Tsuda et al., 2012).
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2.5 Oxidative stress

The ROS is an important factor to damage of structure cell, lipids, proteins,
and nucleic acid (Valko, Rhodes, Moncol, Izakovic, and Mazur, 2006). Oxidative
stress results in direct or indirect ROS-mediate damage of macromolecule. Oxidative
stress is a state of physiological stress in the body by the imbalance between the
generation of reactive oxygen and nitrogen species and the antioxidant defense
system. Oxidative stress has been leading to cell damage so that it a cause of oxidative
damage and effect to cell structure iﬁcluding lipid, protein, and DNA as shown in
Figure 6. Severe damage is causing cell death in the end. The production of free
radical and ability of the body to counteract of detoxify their harmful effects through
neutralization by antioxidant. Oxidative stress can also result from increased
production of reactive oxygen species from activation of endogenous enzymes
(NADH oxidase) in chronic inflammatory conditions. The metal-induce generation of
ROS results in an attack on other cellular components such as polyunsaturated fatty
acid residues of phospholipids, which are extremely éensitive to oxidation (Siems,
Grune, and Esterbauer, 1995). The final product of the peroxidation process being
'méllondialdehyde (MDA) and endoperoxides is a precursor of MDA by peroxyl
radicals can be rearranged via a cyclization reaction to endoperoxides. 4-hydroxy-2-
nonenal (HNE) is aldehyde product of lipid peroxidation (Siems et al., 1995).
Hydroxyl radical reacts with all components of DNA molecule such as damaging both
the purine (adenine and guanine) and pyrimidine (cytosine and thymine) bases and
also  the deoxyribose backbone (Halliweli and Gutteridge, 2015)._ Durable
modification of genetic material resulting from these oxidative damage incidents

Tepresents the first step involved in mutagenesis, carcinogenesis, and aging.
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Oxidative stress is a pathophysiology imbalance between oxidant and
antioxidations. Biomarkers of oxidative stress play an important role in understanding
the pathogenesis and treatment of many diseases. They can be classified as molecular
that are modified by interactions with ROS and molecular of the antioxidant system
that change in response to increased redox stress. Type of biomarkers and locations

where biomarkers can be found are shown in Table 2.
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Figure 6 ROS pathway in the cell (Biofoundation, 2016).
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Table 2 Biomarkers of oxidative stress (Ho, Karimi Galougahi, Liu, Bhindi, and

Figtree, 2013).

Type of biomarker Location
Ferric reducing ability of
plasma Extracellular
Carbonyl Extracellular
Lipid peroxidation
Malondialdehyde Extracellular
F2-isoprostane Extracellular
4-Hydroxynonenal Extracellular
Plasma vitamin
Vitamin C Extracellular
Vitamin E Extracellular
Antioxidant enzyme
Superoxide dismutase Intracellular
Catalase Intracellular
Glutathione peroxidase Intracellular
GSH/GSSG ratio in erythrocyte Intracellular
Prooxidant enzyme
Xanthine oxidase Intracellular
NADPH oxidase Intracellular
Other
Endothelial microparticles Extracellular
Endothelial microparticles Extracellular
Ischerﬁia modified albumin Extracellular

— 0
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2.6 Antioxidant

The defense mechanism of free radical-induced oxidative stress is antioxidant
defense. Antioxidant means a reaction of inhibiting oxidation with another molecule
in a chemical process. The antioxidant can prevent or decrease cell damage. The main
function of antioxidant is to counteract the production of free radicals. There are 2
main types of antioxidants which are endogenous antioxidants and exogenous
‘antioxidants. Antioxidants can be separated into two groups: enzymatic antioxidants
and non-enzyme antioxidants, as shown in Figure 7. Enzymatic antioxidant defense
system includes superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx) and non-enzymatic antioxidant defense system includes alpha-
tocopherol (Hardie, Fletcher, and Secombes, 1990), glutathione, carotenoids, ascorbic

‘acid, and flavonoids (Lu. Shipton, Khoo, and Wiart, 2014).

Vitamin E + SOD + Glutathione Peroxidose
fr-carotene +GSH

Figure 7 Enzymatic antioxidants and non-enzymatic antioxidants (Ananya, 2012).
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2.6.1 Enzymatic antioxidants

Enzymatic antioxidants defenses include several enzymes that catalyze
reactions of ROS degradation, such as superoxide dismutase (SOD), glutathione
peroxidase (GPx) and catalase.

Superoxide dismutase (SOD)

Superoxide dismutase (SOD) is the enzymes that play a vital antioxidant role
in human health and presents in almost all aerobic cells and in extracellular fluids
i(Johnson and Giulivi, 2005). SOD is the enzyme that catalyzes the breakdown of
superoxide anion into oxygen and hydrogen peroxide, as shown in figure 8. SOD is a
group of the metal-containing enzyme. SOD contains metal ion cofactors at the active
site, depending on the isozyme, it can be either copper, zinc, manganese or iron. SOD
contains two main forms in the human cell: copper zinc SOD (Cu-Zn-SOD) that can
be found primarily in the cytosol, and manganese SOD (MnSOD) that can be found
predominantly in the mitochondrion. The mitochondrial SOD is most biologically
important (Bannister, Bannister, and Rotilio, 1987). In plants, SOD enzyme is
presented in the cytosol and mitochondria, with an iron SOD found in the chloroplast

that is absent from vertebrates and yeast (Van Camp, Inz¢, and Van Montagu, 1997).

POy + Oy ZHY— H0, + O

In-S0D: mitochondna
Fe-50D: chloroplast
CuZn-30D: chloroplast
CuZn-30D: cytosol

Figure 8 Reaction of superoxide dismutase (Bryan, 1996).
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Catalase (CAT)

Catalase (CAT) is a common enzyme found in all living organisms exposed to
oxygen including bacteria, plants, and animals. CAT is found in peroxisome, the
organelle found in almost all eukaryotic cells. CAT helps prevent damage to cell and
tissue from oxidative damage by reactive oxygen species. CAT is the enzyme catalyze
the conversion of hydrogen peroxide to water and oxygen by using ion or manganese

cofactor, the only substrate is hydrogen peroxide (Figure 9).

0,

)/

Catalase

2H,0, = 2H,0

Figure 9 Reaction of catalase (Sellers ef al., 2014).

Glutathione peroxidase (GPx)

Glutathione (GSH) system contains the glutathione, glutathione reductase,
glutathione peroxidase (GPx) and glutathione S-transferase. GSH is an important
antioxidant found in every cells and it neutralizes free radical. Glutathione is a family
of the selenium-containing enzyme that catalyzes the breakdown of hydrogen
peroxide and organic hydroperoxides. GSH is converted to its oxidized form,
glutathione disulfide (GSSG). The main biological role of GPx is to protect oxidative
damage of cell. GPx reduceds lipid hydroperoxides to their corresponding alcohols,
and free hydrogen peroxide to water. Particularly toxic hydroperoxide, GPx is helping
to reduce harmless water. GPx has many isozymes encoded by different genes. Eight

1soforms of GPx (GPx1-8) have been identified in humans. GPx1 has been found in
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the cytoplasm of nearly all mammalian tissues. GPx2 is an intestinal and extracellular
enzyme. While GPx3 has been found in extracellular fluid, especially in plasma,
GPx4 is expressed in nearly every mammalian cells (Muller, Lustgarten, Jang,

Richardson, and Van Remmen, 2007).

H,0,  2H,0

\JV

2GSH =< = GSSG

Glutathione peroxidase

Figure 10 Reaction of glutathione peroxidase (Sellers et al., 2014).

2.6.2 Non-enzymatic antioxidants

None-enzyme antioxidants (such as vitamin C and Vitamin E, shown in Figure
11 and 12) are widely used in dietary supplements. They can be found in the animal
cells and various plants. They can help cell protection from damage caused by free

radicals and prevention of many diseases.

Figure 11 Vitamin C or ascorbic acid structure (Joseph, 2014).
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CHy

CHy

Figure 12 Vitamin E or alpha-tocopherol structure (Lyle, 2006).

Vitamin C or ascorbic acid

Vitamin C or ascorbic acid is a monosaccharide oxidation-reduction catalyst
found in many vegetables, fruits, and in the cell. Vitamin C can be found in many
fruits such as orange juice, lemon juice, papaya and cashew apple (Assuncdo and
Mercadante, 2003; Kelebek, Selli, Canbas, and Cabaroglu, 2009; Penniston, Nakada,
Holmes, and Assimos, 2008; Wall, 2006). Vitamin C is probably best known
antioxidant and is important for prevention of many diseases such as prostate cancer
(Khassaf et al., 2003; Maramag, Menon, Balaji, Reddy, and Laxmanan, 1997). A lack
of vitamin C can cause a disease called scurvy. Previous study vitamin C was used to
standard control (positive control) in antioxidant activity models such as antioxidant
activity determination of citronellal and crude extracts of cymbopogon citratus by 3
different methods. Three different methods were used to test the antioxidant activity,
‘including ferric reducing antioxidant power (FRAP) assay, 1,1-diphenyl-2-picryl
:h_}'dl‘azyl radical reducing power methods (DPPH radical scavenging assay) assay, and
[-carotene bleaching assay. The result of plant showed low radical reducing power

activity compared to ascorbic acid, gallic acid, and quercetin (Lu, Shipton, Khoo, and

Wiart, 2014),
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Vitamin E or alpha-tocopherol

Vitamin E or alpha-tocopherol is one of important antioxidant in fruit,
vegetable, and animals. Some animals are commonly known as the good source of
vitamin E such as salmon (Salmo salar L.) (Hardie, Fletcher, and Secombes, 1990),
and rainbow trout (Salmo gairdneri Richardson) (Blazer and Wolke, 1984). Vitamin E
can prevent oxidative stress in the body and protect against many diseases such as
cancer, heart disease, and ischemia reperfusion injury (Lee ef al., 2005; Novelli et al.,
1997; Rimm et al., 1993). Previous study vitamin E was used to standard control
(positive control) of ischemia-reperfusion injury in rat skeletal muscle models. The
results of vitamin E, and curcumin showed increase the biomarker of oxidative stress
(antioxidant enzyme) better than ischemia-reperfusion injury group (Avci et al.,

2012).



CHAPTER III

MATERIALS AND METHODS

3.1 Preparation of the pomegranate juice

Thai pomegranate fruits (Punica grantum L.) were collected in June 2014
from pomegranate garden in Pak Chong, Nakhon Ratchasima Province, Thailand.
Thai pomegranate plant was taxonomically identified and authenticated by the office
of the forest herbarium, forest and plant conservation research office of ministry of
natural resources and environment, Bangkok, Thailand. The voucher specimen was
deposited at the Forest Herbarium-BKF Herbarium and the voucher number of BKF
No. 188578 was obtained. Fruits were thoroughly washed with tap water to remove
surface dirt and manually cut in half. The arils of the fruits were manually separated
from the peels, and squeezed to produce the juice. The juice was then filtered through
layers of cotton wool laid out over a sieve and 500 ml of pomegranate juice was
separated into each plastid bag and stored in the freezer at -20°C and used for further

experiments.

3.2 Thai pomegranate juice concentration method

Frozen Thai pomegranate juice (TPJ) was thawed and centrifuged at 4000
RCF for 15 min at 4°C. Soluble solids or degree Brix measured by refractometer of
fresh TPJ was 15.53+0.77 Brix. TPJ was concentrated by 2 different heating methods

(rotary vacuum evaporation, and microwave evaporation).
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concentration methods were adapted from the studies of Maskan (2006)
1d co-workers (2014).

-owave evaporation: The study was carried out at a power level of 450
owave oven (Micro Electrolux Solo 900W, SWEDEN). The juice sample
) was poured into a beaker and placed at the center of the turntable in the
Samples were taken for measurement of “Brix periodically and replaced
the final concentration of 60+0.00 Brix was achieved. The percentage
sentrated TPJ by this method was measured.

otary vacuum evaporation: The study was carried out by rotary vacuum
(Buchi Rotavapor R 210, Belgium). The 100 ml juice sample was
| in a laboratory rotary vacuum evaporator at 65 C. Samples were taken
rement of Brix periodically and replaced again until the final concentration
. nx was achieved. The percentage yield of concentrated TPJ by this
measured.

P

These 2 different evaporation processes were employed for the production of
inate jfifiyee concentrate from fresh TPJ with an initial total solid content of
Brix to a final coricentration of 60+0.00 Brix. The final concentration can
d within 21 min by using a rotary vacuum evaporator at 65C, and 11 min
microwave evaporator with maximum output of 450 W. The percentage
concentrated TPJ by rotary vacuum evaporation was 16.67+0.60% and
| TPJ by microwave evaporation was 16.67+0.60% from initial 100 ml of

- in both processes. Note: the soluble solids contents of fresh TPJ,

ed TPJ by microwave evaporation. and concentrated TPJ by rotarv vacuum
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re measured by refractometer (Master refractometer, ATAGO® Litd.,

mical composition analysis of fresh Thai pomegranate juice
TPJ sample was analyzed for energy, ash, protein, total fat, total
total sugar, glucose, fructose, sucrose, vitamin E, vitamin C, calcium,
sodium, potassium, and magnesium. The analysis was conducted by
utrition Laboratory, Instituted of Nutrition Mahidol University.
) Phytochemical screening analysis

I
chemical composition of fresh TPJ, concentrated TPJ by microwave
and concentrated TPJ by rotary vacuum evaporation were screened for
of protein, carbohydrate, tannins, flavonoids, saponins, glycosides and
ing standard methods with some modifications (Harborne, 1973).

or protein by using Ninhydrin test

%,

drin (CsHSO4, sigma-Aldrich; St. Louis, USA)

inhydrin solution: 0.004 g of ninhydrin was dissolved in DDD water

) ml of final volume and stored at room temperature.

1 of fresh TPJ, concentrated TPJ by microwave evaporation, or
d TPJ by rotary vacuum evaporation was mixed with 1 ml of 0.2%

nhydrin. A violet color indicates the presence of amino acids or proteins.
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ost for carbohydrate by using Iodine test
solution (I, sigma-Aldrich; St. Louis, USA)

1 of fresh TPJ, concentrated TPJ by microwave evaporation, or
d TPJ by rotary vacuum evaporation was mixed with 1 ml of iodine
dark blue or purple color indicates the presence of carbohydrate.

Test for tannins and phenols
[1) chloride (FeCls, sigma-Aldrich; St. Louis, USA)
on (IIT) chloride solution: 0.4 g of Iron (III) chloride (FeCl;) was

. DDD water and made up to 20 ml of final volume and stored at room

%ﬁ-esh TPJ, concentrated TPJ by microwave evaporation, or
[PJ b‘yﬁwmty vacuum évaporation was mixed with 1 ml of 2% solution

hloride (FeCls). A blue-green or black color indicates of the presence of
r flavonoids by using an Alkaline reagent test

n hydroxide (NaOH, BDH, Ltd., UK)



33

1 ml of fresh TPJ, concentrated TPJ by microwave evaporation, or
ted TPJ by rotary vacuum evaporation was mixed with 1 ml of 2% solution
n hydroxide (NaOH). A yellow color that turns colorless on the addition of a

of diluted acid indicates the presence of flavonoids.
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roids

ric acid (H2SOq, sigma-Aldrich; St. Louis, USA)

ml of fresh TPJ, concentrated TPJ by microwave evaporation, or
by rotary vacuum evaporation was mixed with 1 ml of chloroform.
oncentrated sulfuric acid (H2SO4) was carefully added to a mixture and
ntly. A red color produced in the lower chloroform layer indicates the
eroids.

otal phenolic content by Folin-Ciocalteu method

Jium carbonate (Na;COs, BDH, Ltd., UK), Folin-Ciocalteu reagent (FCR,
llipore, Germany), Ethanol (C;HsOH, Analytical Grade > 99.8%, Carlo

ts, France), Gallic acid (C7HgOs, Grade > 98.0%, sigma-Aldrich; St.

odium carbonate: 5 g of sodium carbonate was dissolved in double
tilled (DDD) water and then adjusted the final volume to 250 ml.
ethanol: 2 ml of ethanol was mixed with 18 ml of DDD water.

iocalteu reagent (1:1): 1.5 ml of Folin-Ciocalteu reagent was mixed
10% ethanol to make up total volume of 3 ml.

¢ acid stock solution (1 mg/ml): 0.01 g of gallic acid was dissolved with

| and then adjusted the final volume to 10 mil.
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/ml) | Stock (ul) 10% EtOH (pl)
0 100
20 80
40 60
60 40
80 20
100 0

ted TPJ by microwave evaporation, and concentrated TPJ by rotary
ion) were diluted with 10% ethanol at the ratio of 1:11. Diluted
[) were mixed with 100 pl of Folin—Ciocalteu reagent. Two milliliters
onate solution was added to the mixture and then allowed to stand for
m Zterﬁ%e‘i-émre: before the absorbance was measured at 750 nm by
meter using a (CECIL 1011, England). Gallic acid was used as standard
ion curve. Results were expressed as mg of gallic acid equivalents
er of fruit juice (mg GAE/L of juice). The procedure and preparation
Appcndlx A. All determinations were performed in triplicate and the

ere calculated.
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3.3.4 Antioxidant assay: 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-

scavenging method
‘Chemical:

1,1-diphenyl-2-picrylhydrazyl (DPPH) (C;sHi2NsQg, sigma-Aldrich; St.
Louis. USA), Methanol (CH ;0H, Carlo Erba Reagents, France), Vitamin C (CsHgOg,
Carlo Erba Reagents, France)

Preparation:

1,1-diphenyl-2-picrylhydrazyl (DPPH) solution (25 mg/ ml): 0.007 g of DPPH
‘was dissolved with methanol and made up to 280 ml of final volume and stored at
Toom temperature.

Vitamin C stock solution_(1:1): 0.005 g of vitamin C was dissolved with 5 ml
0f DDD water and stored at room temperature.

Procedure:

The DPPH radical scavenging method was used to measure the antioxidant
activity of fresh ;l“PJ , concentrated TPJ by microwave evaporation, and concentrated
TPJ rotary vacuum evaporation as described by Villano and colleagues, (2007) with
Some modifications. Briefly, 50 ul of diluted TPJ samples (fresh TPJ, concentrated
TPJ by microwave evaporation, and concentrated TPJ by rotary vacuum evaporation)
and vitamin C (positive control, 0.001g/ml) were mixed with 1950 pl DPPH solution
(25 mg/L) in methanol. The mixture was incubated at room temperature for 30 min in
the dark. All solutions were freshly prepared and protected from light. The absorbance
of the mixture was then measured at 515 nm using a microplate reader (BioRad-
Benchmark plug microplate reader, USA). All determinations were performed in

tiplicate. Distilled water (50 pul) mixed with 1950 pul of the DPPH working solution
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was used as sample blank. Radical scavenging activity was defined as the inhibition
percentage. The procedure and preparation were showed in Appendix B. The
scavenging capacity (SC) for DPPH assay was calculated by using the following
equation:

% (SC) = [(Abs control — Abs sample) / Abs control]*100

Results were expressed as ICsy concentration where 50% inhibition of the
DPPH scavenging capacity was obtained. GraphPad Prism software (version 6,
GraphPad Software Inc, California, USA) was used to calculate ICsp values.

3.3.5 Antioxidant assay: 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) radical-scavenging method
Chemical:

2.2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) (C;gH;sN4OgS4,
sigma-Aldrich; St. Louis, USA), Methanol (CH ;OH, Carlo Erba Reagents, France),

'Potassium persulfate (K,S,0g, sigma-Aldrich; St. Louis, USA), Ethanol (C,H¢O,
Carlo Erba Reagents; France), Vitamin C (C¢H3Og, Carlo Erba Reagents, France)
Preparation:

2,2’ -azino-bis-3-ethylbenzthiazoline-6-sulphoni¢ ~ acid (ABTS) solution:
0.0179 g of ABTS was dissolved in DDD water and made up to 5 ml and stored at
room temperature.

140 mM potassium persulfate solution: 3.784 g of potassium persulfate was
dissolved in DDD water and made up to 100 ml and stored at room temperature.

ABTS working solution: 5 ml of ABTS solution was mixed with 88 pl of 140

mM potassium persulfate solution, incubated for 16 hours at room temperature and



38

protected from light. After incubation, all solutions were diluted with ethanol to an
absorbance of 0.70+0.05 at 734 nm.

Vitamin C stock solution (1:1): 0.005 g of vitamin C was dissolved with 5 ml
of DDD water and stored at room temperature.

Procedure:

The ABTS radical-scavenging assay was performed as previously described
by Re et al. (1999) with some modifications. Briefly, 25 pl of diluted TPJ samples
(fresh TPJ, concentrated TPJ by microwave evaporation, and concentrated TPJ by
rotary vacuum evaporation) and vitamin C (positive control, 0.001g/ml) were mixed
with 2000 pl ABTS working solution (5 ml of 7 mmol/L ABTS solution reacted with
88 ul of 140 mmol/L potassium persulfate solution and then the reaction solution was
diluted with ethanol to make the absorbance of 0.700+0.005 at 734 nm). The mixture
was incubated at room temperature for 10 min in the dark. All solutions were freshly
prépared and protected from light. The absorbance of the mixture were then measured
at 734 nm using a mit;,roplate reader (BioRad-Benchmark Plus microplate reader,
USA). All determinations were performed in triplicate. Distilled water (25 ul) mixed
with 2000 pl of ABTS working solution was used as the control and absolute ethanol
was used as sample blank. The procedure and preparation were shown in Appendix C.
Radical scavenging activity was defined as the inhibition percentage. The scavenging
capacity (SC) for ABTS assay was calculated by using the following equation:

% (SC) = [(Abs control — Abs sample) / Abs control] *100

Results were expressed as ICsyp concentration where 50% inhibition of the

ABTS scavenging capacity was obtained. GraphPad' Prism software (version 6,

GraphPad Software Inc, California, USA) was used to calculate ICsp values.
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3.3.6 Antioxidant assay: Ferric reducing antioxidant power (FRAP)
method
Chemical:

2,4,6-tripyridyl-s-triazine  (TPTZ) (sigma-A]drich;‘ St.  Louis, USA),
Hydrochloric acid (HCI, Carlo Erba Reagents, France), Glacial acetic acid
(CH3COOH, sigma-Aldrich; St. Louis, USA), Sodium acetate (CH;COONa, sigma-
Aldrich; St. Louis, USA), Ferric chloride (FeCl;.6H,0, sigma-Aldrich; St. Louis,
‘USA), Ferrous sulfate (FeSO4.7H,0O, sigma-Aldrich; St. Louis, USA), Vitamin C
(Carlo Erba Reagents, France)
Preparation:

Hydrochloric acid (40 M): 0.08 ml of hydrochloric acid was dissolved in DDD
water and made up to 20 ml of final volume and stored at room temperature.

2,4,6-tripyridyl-s-triazine (TPTZ) (10 mM): 0.0312 g of 2,4,6-tripyridyl-s-
triazin;a (TPTZ) was dissolved in 40 M hydrochloric acid and made up to 10 ml of
final volume at 37 C. |

Ferric chloride solution (20 mM): 0.0324 g of ferric chloride was dissolved in
DDD water and made up to 10 ml of final volume and stored af room temperature.

Acetate buffer (300 mM): 0.82 g of sodium acetate and 8.11 ml of glacial
acetic was dissolved in DDD water and made up to 500 ml of final volume and stored
at room temperature at pH 3.6. The solution was adjusted pH with sodium hydroxide.

Ferrous sulfate solution: 0.667 g of ferrous sulfate was dissolved in DDD

water and made up to 1 ml of final volume and stored at room temperature.
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RAP assay was based on the measurement of the iron-reducing capacity
egranate juices and performed as previously described by Benzie et al.
h some modifications. Briefly, 40 ul of diluted TPJ samples (fresh TPJ,
‘TPJ by microwave evaporation, and concentrated TPJ by rotary vacuum
and vitamin C (positive control, 0.025g/ml) were mixed with 1800 pl
slution (2.5 ml of 10 mM/L 2,4,6-tripyridyl-s-triazine; TPTZ) solution in 40
).5 ml of 20 mol/L FeCl3.6H,0, and 25 ml of 0.3 mol/L acetate buffer
teshly prepared and warmed to 37°C prior to use). The mixture was
37°C in water bath for 30 min in the dark. All solutions were freshly
nd protected from light. The absorbance of the mixture was then measured
| sing spectrophotometer (CECIL 1011, England). Distilled water (40 ul)
800 pl of FRAP solution was used as the sample blank. Vitamin C was
itive control. The results were calculated from the standard curve
 of by different con.centrations of Iron (II) sulfate solution. The procedure

:bhtv’:fere shown in Appendix D. The results were expressed in mmol

\ll the measurements were performed in triplicate and the mean values were
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' The effects of Thai pomegranate juice on ischemia-

groups. The animals were housed in standard housing cages and
+1°C on 12/12 h light/dark cycle. The animals were given ad libitum
food and water. All experimental procedures were reviewed and
~ the animal care and use committee guidelines of the Suranaree
hnology.

ai pomegranate juice concentration method

2 vitro pilot study, fresh TPJ (15.53+0.77 Brix) was concentrated to
Dy Totary vacuum evaporation and by microwave evaporation which can
%2_1 and 11 mins, respectively. Concentrated TPJs by rotary vacuum
nd b?l}’aéegowave evaporation contained similar total phenolic content
iilar antiradical activity against DPPH and ABTS radicals. Microwave
was the best choice since TPJ was concentrated in a shorter period of

concentrated TPJ by microwave evaporation was used in the animal
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3.4.3 Preparation of concentrated pomegranate juice by microwave
evaporation

Fresh TPJ (15.53+0.77 Brix) was concentrated to 60+0.00 Brix by microwave
gvaporation which was achieved within 11 min. Concentrated TPJ by microwave
evaporation was used in the animal study. Dosage of TPJ to be used in the present
study is calculated from the total phenolic content of concentrated TPJ by microwave
evaporation method and extrapolated from human dose mentioned in the study of
Tsang ef al. (2011), participants received 500 ml/day of pomegranate juice containing
1685 mg total phenolic content/L juice or 14.04 mg total polyphenol content’kg body
weight. The total phenolic content of concentrated TPJ by microwave evaporation
method was 6675.46 mg/L juice. The human equivalent dose (HED) for Thai
pomegranate juice was calculated by using the following equation.

HED (mg/kg) = Animal dose (mg/kg) * Animal K,, - Human K,,)

Knisa cc;rrection factor reflecting the relationship between body weight and
body surface area. For a typical adult (-body weight 60 kg, body surface area 1.6 m?),
Km is 37. For the most often used laboratory animal species the average K, are as
follows: rat K., = 6, human K,, = 37 (Reigner and Blesch, 2002; Guidance, 2005).

Calculation:

HED =14.04 = (37/6)
=86.57 mg TPC/Kg

The present study used 86.57 mg TPC/Kg at volume 20 ml/kg body weight as

an initial dose.
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rug solutions

n 80 (1%) (100 ml): 1 ml of Tween 80 was dissolved in 99 ml of DDD
dat4 C.

) E (250 mg/20 ml/kg body weight): 1.052 ml of a-tocopherol was

3 ml of Tween 80 (10%) and stored at 4°C.

lose of TPJ (36.98 mg TPC/20 mlkg body weight): 22 ml of

TPJ was dissolved in 58 ml of DDD water and stored at 4 C.

dose of TPJ (56.58 mg TPC/20 ml/kg body weight): 34 ml of

PJ was dissolved in 46 ml of DDD water and stored at 4°C.

ose of TPJ (86.57 mg TPC/20 ml/kg body weight): 52 ml of

TPI was dissolved in 28 ml of DDD water and stored at 4 C.

<perimental design

mals were randomly allocated to one of the 7 groups. Animals were

ch'elﬁihereperfusion (I/R) groups (the animals were operated by

oral artery for inducing ﬁR) and received different doses of TPJ, a-

ouble-distilled deionized water (DDD water) via intragastric (i.g).

1 serﬁ&]!ag sham-operated group. Skin incision was made t6 expose

y and then closed without inducing I/R, n=7.

3 served as I/R-1% Tween 80 group. Rats received single dose of
g, i), n=7.
served as I/R-Positive control group. Rats received single dose of

E (250 mg/ 20 ml/kg, 1.g), n=7.
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Group 5 served as I/R-Low dose TPJ group. Rats received single i.g.
administration of low dose of TPJ at a volume of 20 ml/kg body weight, n=7.

Group 6 served as I/R-Middle dose TPJ group. Rats received single i.g.
administration of middle dose of TPJ at a volume of 20 ml/kg body weight, n=7.

Group 7 served as I/R-High dose TPJ group. Rats received single i.g.
administration of high dose of TPJ at a volume of 20 ml/kg body weight, n=7.

Note: The ischemia reperfusion (I/R) model induced damage to surrounding
skeletal muscle tissue and other tissues. Dosage of TPJ to be used in the present study
'was calculated from the total phenolic content of TPJ and extrapolated from human
dose previously mentioned in the study of Tsang et al. (2011).

Surgery was performed at the Physiology Laboratory, F9 building, Suranaree
University of Technology. All surgical procedures were performed under sodium
pentobarbital anesthesia. The rat was injected intraperitoneally with sodium
pentobarbital (50 mg/kg body weight). The anesthetized rat were placed on a board
and maintained in a dorsal recumbent positic.)n. A skin incision was made over the
anteromedial surface of the right upper leg, starting at the level of femoral artery,
extending upward to the inguinal ligament. The right femoral artery was exposed after
isolating of the femoral artery from the surrounding muscle tissues. The rats in the
sham-operated group were received exactly the same surgical procedure as /R
groups, without occlusion of the femoral artery (Dong ef al., 2014). For intragastric
(i.g) admiﬁistration, a 1 cm abdominal incision was made to expose the stomach and

the stomach was cannulated. The body temperature of the rat was maintained at

37+£0.5°C by a desk lamp.



45

procedure, the right femoral artery was clamped with the
np, resulting in ischemia. Ischemia was induced by 4 h of femoral

jith a microvascular clamp and followed by 2 h of reperfusion as

was harvested, weighted, frozen on dry ice, and immediately
urther biochemical assessment. The harvested gastrocnemius
d for activities of superoxide dismutase (SOD) and catalase

vels O'A lutathione (GSH), malondialdehyde (MDA) and protein
i

-was fixed in 10% formalin, embedded in paraffin and

iiéils'*fc‘f]eéﬁliﬂ-section (5 pm thickness). Tissue sections were
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substance injection

Ischemia Reperfusion

Oh 1h 2h 3h 4h 5h  6h

Figure 13 Induction of ischemia-reperfusion (I/R) model.

3.4.6 Determination of biochemical assays

The right gas_trocnemius muscles were used to determine antioxidant activities
of superoxide dismutase (SOD), and catalase (CAT), and levels of glutathione (GSH),
malondialdehyde (MDA), and protein concentration. All the measurements were

performed in triplicate and the mean values were calculated.

Preparation of tissue homogenates
The tissue homogenates of right gastrocnemius muscles were prepared by -
modified methods of Dong ef al. (2014) and Perrin and Dempsey (1974) as described
in Appendix E. Briefly, the frozen gastrocnemius muscle was thawed and
homogenized in 50 mmol/L of ice-cold Tris-HCI buffer (pH 7.4) for 5 min, 4C at
75% power to make a 10% homogenate. Homogenate was centrifuged at 5000 g for

10 min and supernatant was collected.
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Determination of protein content

Protein content in right gastrocnemius muscle was determined by the Lowry
method (Lowry, Rosebrough, Farr, and Randall, 1951). Solution A: copper sulfate,
sodium tartrate, and sodium azide were mixed in 250 ml of DDD water. Solution B:
sodium hydroxide, sodium carbonate, and sodium dodecyl sulfate were mixed and
DDD water was added upto 250 ml in a volumetric flask and was kept at room
temperature. Solution C: 2 N of diluted Folin-Ciocatteau reagent was mixed with with
DDD.H,O at the ratio of 1:20 and was kept at room temperature. Solution D (standard
protein): bovine serum albumin was prepared in Tris-HCI buffer solution at different
concentrations (0 pg/ml, 62.5 pg/ml, 125 pg/ml, 250 pg/ml, 500 pg/ml, 1000 pg/ml,
and 2000 pg/ml, respectively) for the standard curve. Procedure: the samples and
standards at a volume of 60 pl were added individual wells of a 96-well plate.
Solution A was mixed with solution B in the ratio of 1:3, and 100 pl of this mixture
was added into all wells, and then‘incubated for 30 min at room temperature. After
that, 150 pl of the solution C was added into all wells. Al] solutions were mixed and
incubated for 30 min at room temperature. The absorbance of the mixture was
measured 650 nm using a microplate reader (BioRad-Benchmark Plus microplate
reader, USA). The procedure and preparation were shown in Appendix F. The results
Wwere expressed the mg protein from the standard curve. All the determinations were
performed in triplicate and the mean values were calculated.

Deterjminatioil of superoxide dismutase

SOD enzyme activity in the n'éht gastrocnemius muscle was determined using
the method described by SOD assay kit (Sigma-Aldrich, St. Louis, MO, USA). The

samples at the volume of 20 pl were added into wells of a 96-well plate. After that,
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200 pl of water-soluble tetrazolium salt (WST) working solution was added into all
wells, and mixed well. The mixture was incubated at 37°C for 20 min and the
absorbance of the mixtures was measured at 450 nm using a microplate reader
(BioRad-Benchmark Plus microplate reader, USA). The procedure and preparation
were shown in Appendix G. All determinations were performed in triplicate. The
SOD enzyme activity in the sample was calculated from inhibition percentage
comparison. Inhibition percentage was calculated by using percent inhibition equation
(inhibition rate % = [(Abs control — Abs sample) / Abs control)]*100.

Determination of catalase (CAT) activity

Activity of CAT enzyme in the right gastrocnemius muscle was determined
using the method of Goldblith in 1950. The samples and standard enzyme (CAT
enzyme) at a volume of 10 pl were mixed with 50 pl of hydrogen Peroxide. After
that, 25l of sulfuric acid and 150 pl of potassium permanganate solution was added
and mixed well. Standard enzyme: CAT enzyme was prepared in Triz-HCI] buffer
solution at different concentrations (0, 40, 60, 80, and ]06 units/ml of catalase in
buffer) for the standard curve. The absorbance of the mixtures was measured at 490
nm using microplate reader (BioRad-Benchmark Plus microplate reader, USA). The
procedure and preparation were shown in Appendix H. The results were expressed the
units/mg protein from the standard curve. All determinations were performed in
triplicate.

Determination of glutathione (GSH)

Glutathione (GSH) content in right gastrocnemius muscle was determined
from the reaction of GSH with the 5,5 -dithiobis (2-nitrobenzoic acid) (DTNB) to

form 5~thi0-2-nitrobenzoic acid (TNB) and glutathione disulfide (GSSG). The method
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used in the present study was modified from the study of Akerboom and Sies (1981)
and Nair, Singh, and Krishan (1991). Briefly, the samples and glutathione standard at
the volume of 10 pl were mixed with 150 pl of the working mixture (the assay buffer
of the diluted enzyme solution mixed with DTNB stock solution). The mixed solution
was incubated for 5 min at room temperature and then 50 pl of diluted NADPH
solution was added to all wells. The yellow color product was obtained and its
absorbance was measured at 412 nm using microplate reader (BioRad-Benchmark
Plus microplate reader, USA). Glutathione standard solutions were used to determine
the standard curve. The procedure and preparation were shown in Appendix 1. The
results were determined from the standard curve and expressed as nmol/g protein. All
determinations were performed. in triplicate.

Determination of lipid peroxidation (LPO)

Lipid peroxidation levels in the right gastrocnemius muscle was defined based
on malondialdehyde (MDA) levels (Takht'fooladi et al., 2014) and MDA levels were
determined by thiobarbituric acid (TBA) reaction (Hussain, Shukla, and Chandra,
1987). The samples and standard (1,1,3,3-tetramethoxypropane (TMP)) (100 ul) were
Ppipetted into a tube and 200 pl of TCA-TBA-HCL reagent was added, mixed, and
boiled at 100°C in the water bath for 15 min. After cooling, all mixture was
centrifuged at 1000 g for 10 min. The organic layer was transfer to a fresh tube and its
absorbance was measured at 535 nm using microplate reader (BioRad-Benchmark
Plus microplate reader, USA). The buffer solution (Tris-HCL buffer at ph 7.4) mixed
with TCA-TBA-HCL reagent was used as the blank. All determinations were
performed in triplicate. The MDA concentration was calculated from the equation

generated by the standard curve of TMP. The procedure and preparation were shown
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in Appendix J. The LPO level was expressed in nanomole (nm) of MDA per gram of

tissue.

3.4.7 Determination of histological change

The skeletal muscle tissue (half soleus muscle tissue) was fixed in 10%
formalin and embedded in paraffin. The tissues were dehydrated twice with difference
diluted alcohol including 70%, 80%, 95%, and 100% for 60 min each. The tissues
were cleared twice with xylene (Carlo Erba) for 60 min each and the infiltrated twice
with paraffin at 56 - 58'C for 60 min each. The infiltrated tissues were embedded into
paraffin block. The soleus tissue sections were cut into 5 pum slice using rotary
microtome (Microm HM 355S, Microm GmbH., Germany) and the sections were
floated with distilled water (distilled water was mixed gelatin) in tissue floating bath
(Medex Nagel GmbH., Germany) at 45°C, and then mounted on slide. The sections
were dried with hotplate (Medex Negel) at 45°‘C for 24 h after mounted on slide. After
that, the sections were stained with hematoxylin-cosin to examine I-norphology of the
skeletal muscle structure. Number of muscle cell and morphology of muscle tissue
were examined from three fields of view each muscle sample by randomly screened
method under light microscope (ZEISS Microscope Primo Star, USA). The skeletal
muscle tissue damage was assessed semi-quantitative. The muscle cell damage was
observed number of neutrophils immigrated to surrounding the muscle cells and
muscle cells swelling (the muscle cell was bigger than normal cell compared with
surrounding muscle cells). Number of neutrophils surrounded the muscle ‘cell or
muscle cell swelling that count one muscle cell damage. After that, percentage of cells

damage in cach field was calculated the mean was accepted as the representative
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value of the sample. Histological changes were then scored from 0 to 3, the skeletal
muscle tissue damage grade O for normal histology (absent, no cells change and
damage), grade 1 (slight, less than 15% of skeletal muscle cells change and damage),
grade 2 (moderate, 15-35% of cells change and damage), and grade 3 (severe, more
than 35% of cells change and damage), (Warzechaa et al., 2004). The results were

shown score damage and the value of muscle samples were observed.

3.5 Statistical analysis

| Data on total phenolic content, ICsy values of DPPH, ABTS, and FRAP assays
were presented as mean of friplicatesﬂ:SEM. Data from in vivo study were presented
- as meantSEM. All of the experimental data were analyzed by one-way analysis of
variance (ANOVA) followed by post-hoe (Turkey) testing, using IBM SPSS Statistics
software version 20 (System Software Inc., USA). All graphs were created by
SigmaPlot software version 10 (System Software Inc., USA). The P value less than

0.05 were considered a statistically significant.



CHAPTER IV

RESULTS

4.1 In vitro study

4.1.1 The results of yield, time, and volume of concentrate pomegranate
juice

The soluble solids on degree brix of fresh TPJ was 15.53+0.77 Brix and was
concentrated to the final concentration of 60.000.00 Brix by using a rotary vacuum
evaporator and a microwave evaporator which were achieved by 21 and 11 min,
respectively. The percentage yields of concentrated TPJ by a rotary vacuum
evaporation and concentrated TPJ by microwave evaporation were 16.67+0.60% and
18.00+1.26%, respectively. The results showed that concentrated TPJ by microwave
evaporation took a shorter period of time to concentrate and give more percentage
yield than that of a rotary vacuum evaporation.

4.1.2 Chemical composition of fresh Thai pomegranate juice

Chemical analyses results and quantities of some sugars, vitamins and

minerals chemical composition of fresh Thai pomegranate juice were shown in Table

£



53

Table 3 The amount of chemical compositions of fresh TPJ.

Components Amount
Energy (Kecal)/ml 474.00+£11.60
Ash (g/L) 6.40+0.00
Protein (g/L) 4.65+0.005
Total Fat (g/L) -

Total Carbohydrate (g/L) 113.85+2.95
Sugar

Total sugar (g/L) 112.55+1.05
Glucose (g/L) 62.75+0.35
Fructose (g/L) 49.80+0.70
Sucrose (g/ml) -
Vitamin

Vitamin E (mg/100 g) 0.14+0.00
Vitamin C (mg/100 g) 5.33+0.19
Minerals

Calcium (mg/L) 17.15£0.05
Phosphorus(mg/L) 309.85+8.15
Sodium (mg/L) 90.65+2.05
Potassium (mg/L) 3056.55+63.85
Magnesium (mg/L) 61.50+2.80

Values are expressed as means+SEM. Number values of two independent.



54

4.1.3 Phytochemical screening analysis.

Phytochemical composition of fresh TPJ, concentrated TPJ by microwave
evaporation, and concentrated TPJ by rotary vacuum evaporation were screened for
the presence of protein, carbohydrate, tannin and phenols, flavonoids, saponins,
glycosides and steroids by using standard methods with some modifications
(Harborne, 1973). The phytochemical analysis showed the presence of protein, tannin
and phenols, flavonoids, saponins, glycosides and steroids in fresh TPJ, concentrated
TPJ by microwave evaporation, and concentrated TPJ by rotary vacuum evaporation
as shown in Table 4. Carbohydrate was not found in all TPJ samples by
phytochemical screening methods used in the present study, but total carbohydrate
was found in fresh TPJ in chemical composition analysis (Table 3). The
phytochemical compounds found in pomegranate juice may be used as potential

source of antioxidant in various situations.
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ienolic content by Folin-Ciocalteu method

calteu method was used to determine the total phenolic content
Fresh TPJ and concentrated TPJs were investigated in triplicate
tent using Folin-Ciocalteau's reagent. Total phenolic contents of
rotary vacuum evaporation and by microwave evaporation were
- (6606.30+432.93 and 6675.46+348.54 mg GAE/L juice,
) which were significantly higher than that of fresh TPJ (1938.41+207.86
<().05) (as shown in Table 5).

5 Antioxidant assay: 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-

I TPJs were investigated in triplicate for DPPH assay. Concentrated TPJs
vaporation and by microwave evaporation) and f‘resh TPJ showed
y against DPPH radicals with ICsy values of 4.34+0.07, 4.82+0.12,
[h/ml, respectively (as shown in Table 5). Antioxidant activities of
Vv%i;a\ﬁigmﬁcamly higher than fresh TPJ (P<0.05). Concentrated
m evaporation and by microwave evaporation) and vitamin C
| activity against DPPH radicals with ICs, values of 3.50:£0.05,
0.04 ug/ml, respectively (as shown in Tables 5). Concentrated
um evaporation and by microwavé evaporation exhibited similar
ictivity on DPPH assays, which were significantly h'igher than that

05). Radical scavenging activity on DPPH assay of a positive
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control vitamin C was significantly higher than that of both concentrated TPJs
(P<0.05) (as shown in Table 5).

4.1.6 Antioxidant assay: 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) radical-scavenging method

The 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) radical-
scavenging method was used to determine the antioxidant activity of pomegranate
juice. Fresh TPJ and concentrated TPJs were investigated in triplicate for ABTS
assay. Concentrated TPJs (by rotary vacuum evaporation 'and by microwave
evaporation) and fresh TPJ showed antiradical activity against ABTS radicals with
ICsp values of 6.33+1.09, 6.86+1.05 and 25.85£2.99 pl/ml, respectively (as shown in
Table 5). Antioxidant activities of both concentrated were significantly higher than
fresh TPJ (P<0.05). Concentrated TPJs (by rotary vacuum evaporation and by
microwave evaporation) and vitamin C expressed ICs; values of 5.1040.88,
3.20+0.80, and 0.14+0.15 pg/ml, respectively (as shown in Table S).- Concentrated
TPJs by rotary vacuum evaporation and by microwave evaporation exhibited similar
radical scavenging activity on ABTS assays, which were significantly higher than that
of fresh TPJ (P<0.05). Radical scavenging aetivity on DPPH assay of a positive
control vitamin C was significantly higher than that of both concentrated TPJs
(P<0.05) (as shown in Table 5).

4.1.7 Antioxiﬂant assay: Ferric reducing antioxidant power (FRAP)
method

The Ferric reducing antioxidant power (FRAP) method was used té determine
the antioxidant activity. on the base of the iron-reducing capacity of pomegranate

Juice. Fresh TPJ and concentrated TPJs were investigated in triplicate for FRAP
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assay. Concentrated TPJs by rotary vacuum evaporation and by microwave
evaporation exhibited similar iron-reducing capacity of pomegranate juice on FRAP
assays, which were significantly higher than that of fresh TPJ (P<0.05). Concentrated

TPJs (by rotary vacuum evaporation and by microwave evaporation) and fresh TPJ

showed reducing potential (227.14+25.94, 273.74+26.06, and 61.38+6.34 mmol

rg’*’L, respectively), as shown in Table 5.
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The effects of Thai pomegranate juice on ischemia-

induced oxidative stress in skeletal muscle of male

1 biochemical assays
of serum levels of biochemical parameters (serum aspartate

(AST), alanine transaminase (ALT), and creatine phosphokinase
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4.2.2 Muscle biochemical assays

The antioxidant activity of superoxide dismutase (SOD)

The SOD activity of the skeletal muscle tissue were as follows: sham group,
18.39+0.22 U/mg protein; /R-DDD water group, 13.02+0.55 U/mg protein; I/R-1%
Tween 80 group, 14.28+0.70 U/mg protein; /R-Vitamin E group, 17.06+1.10 U/mg
protein; I/R-Low dose TPJ, 16.90+0.57 U/mg protein; I/R-Middle dose TPJ,
17.28+0.55 U/mg protein; and I/R-High dose TPJ, 16.3£0.24 U/mg protein (Figure
14). /R treatment caused significant reduction of SOD activity, compared to sham
group (P<0.05). Low dose TPJ and middle dose of TPJ significantly enhanced SOD
activities induced by I/R (P<0.05, Figure 14). The tissue SOD activities in control
groups (I/R-DDD water, I/R-1% Tween 80) were statistically lower than those in the
sham, I/R-Vitamin E, I/R-Low dose TPJ, and I/R-Middle dose TPJ but not I/R-High
dose TPJ. No significant difference was observed between the TPJ treatment groups.

The antioxidant activity of catalase (CAT)

The CAT activity of the skeletal muscle tissue were as follows: sham group,
4.00+0.43 U/mg protein I/R-DDD water group, 1.34+0.44 U/mg protein; I/R-1%
Tween 80 group, 2.25+0.07 U/mg protein; I/R-Vitamin E group, 2.87+0.17 U/mg
protein; /R-Low dose TPJ, 3.31+0.70 U/mg protein; I/R-Middle dose TPJ, 3.57+0.39
U/mg protein; and I/R-High dose TPJ, 2.72+0.17 U/mg protein (Figure 15). VR
treatment caused significant reduction of CAT activity, compared to sham group
(P<0.05).The tissue CAT activity in control groups (I/R-DDD water) was stAatistically
lower than those in the sham group (P<0.05, Figure 15). Low dose TPJ and middle
dose TPJ, but not vi.tarnin E and high dose TPJ , significantly enhanced CAT activities

induced by I/R (P<0.05, Figure 15). No significant difference was observed between
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the TPJ treatment groups. CAT activity of vitamin E and all groups of TPJ were
higher than their control group but no significant difference.

The level of glutathione (GSH)

The GSH levels of the skeletal muscle tissue were as follows: sham group,
0.49+0.02 pmol/mg protein; I/R-DDD water group, 0.42+0.01 pmol/mg protein; I/R-
1% Tween 80 group, 0.44+0.01 pmol/mg protein; I/R-Vitamin E group, 0.47+0.00
pmol/mg protein; I/R-Low dose TPJ, 0.49+0.03 pumol/mg; I/R-Middle dose TPJ,
0.48+0.02 pmol/mg protein; and I/R-High dose TPJ, 0.49+0.01 pmol/mg protein
(Figure 16). I/R treatment caused significant reduction of GSH level, compared to
sham group (P<0.05). The tissue GSH level in control group (I/R-DDD water) was
statistically lower than sham group (P<0.05, Figure 16). The GSH level of vitamin E
group was similar to its control group (I/R-1% Tween 80). GSH levels of all groups of
TPJ were significantly higher than that of their control groups (I/R-DDD water,
P<0.05).

The level of malondialdehyde (MDA)

The MDA levels of the skeletal muscle tissue were as follows: sham group,
1.03+£0.17 nmol/g; I/R-DDD water group, 2.50+0.38 nmol/g; I/R-1% Tween 80,
2.094£0.31 nmol/g; I/R-Vitamin E group, 1.18+0.11 nmol/g; /R-Low dose TPJ,
1.22+0.06 nmol/g; I/R-Middle dose TPJ, 1.13+£0.08 nmol/g; and I/R-High dose TPJ,
1.44+0.11 nmol/g (Figure 17). /R treatment caused significant increase in MDA
level, compared to sham group (P<0.05). MDA levels of all groups except high dose
of TPJ, were significantly lower than that of their control groups (P<0.05). The tissue

MDA levels in control groups. (I/R-DDD rwater and I/R-1% Tween 80) were
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statistically higher than those in the sham (P<0.05, Figure 17). No significant

difference was observed between the TPJ treatment groups.
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Figure 14 The effects of Thai pomegranate juice (TPJ) and vitamin E on the SOD
activity in ischemia/reperfusion-induced oxidative stress in the rat gastrocnemius

muscle. The different alphabets are significantly different from each other (P<0.05).
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Figure 15 The effects of Thai pomegranate juice (TPJ) and vitamin E on the CAT
activity in ischemia/reperfusion-induced oxidative stress in the rat gastrocnemius

muscle. The different alphabets are significantly different from each other (P<0.05).
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Figure 16 The effects of Thai pomegranate juice (TPJ) and vitamin E on the GSH
levels in ischemia/reperfusion-induced oxidative stress in the rat gastrocnemius

- muscle. The different alphabets are significantly different from each other (£<0.05).
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Figure 17 The effects of Thai pomegranate juice (TPJ) and vitamin E on the MDA in

i shi . . . . . .
schemia/reperfusion-induced oxidative stress in the rat gastrocnemius muscle. The

different alphabets are significantly different from each other (P<0.05).
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4.2.3 Histological changes in skeletal muscle tissue

In sham group, regular muscle fiber morphology was observed, and staining
was uniform (Figure 18). In /R-DDD water and I/R-1% Tween 80 group muscle fiber
structure was disordered, irregular muscle fiber morphology was observed, shrinkage
‘was observed and cell gaps were obviously widened (Figure 19 and 20). In I/R-
Vitamin E, I/R-Low dose TPJ, I/R-Middle dose TPJ, and I/R-High dose TPJ groups,
‘muscle fiber morphology was more regular and staining was uniform, irregular
‘muscle fiber morphology was observed, shrinkage was observed and cell gaps were
obviously widened. The score of skeletal muscle histological changes was shown in
Table 7. Histological changes of the skeletal muscle tissue following I/R were
presented as amount of cells, % Cells changes, and histological grade. Amount of.
cells, in the soleus skeletal muscle of all groups were similar. I/R treatment,
significant increase in % cell damage in the soleus muscle, compared to sham group
(P<0.05). The % Cells changes in I/R-DDD water and I/R-1% tween 80 groups are
higher than that observed in the soleus muscle of other groups. Moderate muscle cell
damage was observed in I/R-DDD water group as histological grading for soleus
skeletal muscle in this group was scored as 2. Soleus skeletal muscle damage in other
£groups were mild as histological grading were scored as 1. Vitamin E and all doses of
TPJ significantly reduced the increase of % cell damage-induced by I/R (P<0.05,

Compared to I/R-DDD water).



Table 7 Effects of different doses of TPJ and vitamin E on histological changes of the

soleus muscle following ischemia reperfusion.

69

R
Groups Amount of cells % Cells damage Histological grading

-;: 81.91+8.89° 0.33£0.21° 1.0
I/R-DDD water 74.54+6.85" 20.38+4.89° 2.0
VR-1% Tween 80 78.49+7.47" 7.8240.854° 1.0
I/R-Vitamin E 79.98+7.75" 0.80+0.435° 1.0
IR-Low dose TPJ 82.29+5.07" 0.36£0.119° 1.0
I/R-Middle dose TPJ 91.03+4.72° 2.7240.30° 1.0
I/R-High dose TPJ 91.26+6.15" 2.00+0.316" 1.0

The different superscript alphabets

are significantly different from each other

(P<0.05). Histological changes were scored on a scale from 0 to 3: 0 = absence (no

cells change and damage); 1 = mild (less than 15% of skeletal muscle cells change

and damage); 2 = moderate (15-35% of cells changes and damage); 3 = severe (more

than 35% of cells change and damage).
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icrograph under light microscopy of normal skeletal muscle tissue

? staining, 40%). Regular muscle fiber morphology and staining

n group was scored as 1.

raph under light microscopy of skeletal muscle tissue in I/R-
| staining, 40x). Foci of moderate muscle fiber inflammatory

ensive necrosis (arrow) were shown. The I/R-DDD water
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Figure 22 Photomicrograph under light microscopy of skeletal muscle tissue in I/R-
Low dose TPJ group (H&E staining, 40%). The I/R-Low dose TPJ group was scored

as 1.

fl * . . . .
Figure 23 Photomicrograph under light microscopy of skeletal muscle tissue in I/R-
‘Middle dose TPJ group (H&E staining, 40x). The I/R-Middle dose TPJ group was
|

scored as 1,
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Figure 24 Photomicrograph under light microscopy of skeletal muscle tissue in I/R-
High dose TPJ group (H&E staining, 4{1‘&) The I/R-High dose TPJ group was scored

as 1.



CHAPTER V

DISCUSSION AND CONCLUSION

Polyphenols from many fruits and plants are known to possess various effect
I properties such as antioxidant activity, cardiovascular disease, and anti-cancer (Wang,
| Ho, Glackin, and Martins-Green, 2012; Fuhrman, Volkova, and Aviram, 2005). High
amount of polyphenolic compound can be found in the juice from the pomegranate
fruit (Gil et al., 2000). Pomegranate juice is a source of bioactive compounds Qith
potential health-promoting activity. The pomegranate juice has potent antioxidant
profile. Several studies revealed that the pomegranate juice is the rich source of
_'pdlyphenols (Tezcan, Giiltekin-Ozgiiven, Diken, Ozgelik, and Erim, 2009; Gil et al.,
2000; Mousavinejad, Emam-Djomeh, Rezaei, and Khodaparast, 2009). Thus, the
Ppomegranate juice may possess biological activities related to polyphenolic
compounds. The present study investigated the best concentration method for the
assay of total phenolic content and antioxidant activity of Thai pomegranate juice
(TPJ), and protective effects of TPJ on oxidative stress induced by ischemia-
Teperfusion in rat skeletal muscle by measuring changes in important oxidative stress
markers in both serum and skeletal muscle tissue. The present study demonstrated the
POmegranate juice could enhance antioxidant probably by inhibiting oxidative stress
in skeletal muscle of healthy adult male Wistar rats and possibly through an increase

antioxidant capacity of ischemic muscle tissue in rats. The results of this study



75

ed information on chemical composition, phytochemical composition, total
henol content, and antioxidant activity of TPJ. Chemical composition of fresh
was investigated in the present study which was similar to pomegranate juice
Tukey and Spain but amount of each components in TPJ were difference from
pomegranate juice obtained from Turkey and Spain (Table 8). Amounts of ash,
in E, phosphorus, sodium, potassium, and magnesium in TPJ were higher than
of pomegranate juice from Turkey and Spain. Amounts of total sugar, glucose,
se, vitamin C, and calcium were lower than those of pomegranate juice from
y and Spain. The differences in amounts of chemical compositions of
egranate juice may be results of species, landscape, temperature, and environment

each cultivated areas, and also the difference assay methods used in each
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Screening for phytochemical composition of Fresh TPJ and concentrated TPJs
revealed the presence of protein, tannins and phenols, flavonoids, saponins, glycoside,
and steroids. Carbohydrate was not found in the present screening method may be due
to the screening method is specific for starch, not for all types of carbohydrate. High
amounts of polyphenols and antioxidant activity (DPPH, ABTS, and FRAP assays) of
fruit TPJ were reported in the present study. Total phenolic content in fresh TPJ
(1938.41+207.86 mg GAE/L juice) was higher than previously study (144.00+80.00
mg GAE/L juice) in the study of Tezcan et al. (2009). Fresh TPJ expressed
15.5340.77°Brix which was not different from the juice of pomegranate fruit growing
in other regions. Li and co-workers (2015) reported that Brix values of the
pomegranate juice ranged from 13.97 to 16.30°Brix of 15 cultivars in China.

The present study provided the best concentration method from the assay for
total phenolic content and antioxidant activity of TPJ. Fresh TPJ (15.53+0.77 Brix)
was concentrated to 60.00+0.00 Brix by rotary vacuum evaporation, and microwave
evaporation (as previously desorbed by Goula and co-workers, 2014) which were
achieved within 21 and 11 min, respectively. The total phenolic contents (TPC) of
concentrated TPJs by rotary vacuum evaporation, by microwave evaporation, were
found to be similar (6606.30+432.93, and 6675.46+348.54 mg GAE/L juice,
respectively). Concentrated TPJs by rotary vacuum evaporation by microwave
evaporation and fresh TPJ showed antiradical activity agaiﬁst DPPH radicals,
antiradical activity against ABTS radicals, and the iron-reducing capacity by FRAP
assays. The ICsy values of DPPH and ABTS assays for pomegranate juice have never
been reported elsewhere. The ICsg values- of DPPH in other fruit juices were

2.500+2.88 pg/ml (fresh apple juice), 0.156+0.031 pg/ml (fresh guava), and
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0.313£0.143 pg/ml (fresh lime) (Beh, 2012). Antioxidant activity of both concentrate
TPJs were higher than other fresh fruits juices. The present FRAP value of TPJ was
higher than the study of of Tezcan ef al. (2009). The antioxidant activity of the tested
TPI] in DPPH, ABTS, and FRAP methods was correlated with the total phenolic
content that was quantified using Folin-ciocalteu test. The similarity in antioxidant
activity (by DPPH,ABTS and FRAP assays) and total phenolic quantification of both
concentration method for TPJ indicated that both concentration methods can be used
for quantitative analysis of total phenolic content and antioxidant activity of TPJ.
However, microwave evaporation may be the best choice since TPJ can be
concentrated in a short period of time and give more percentage yield. Microwave
evaporation has the advantage of heating the TPJ rapidly and uniformly.Total
phenolic content in Fresh TPJ was higher than that of Georgia pomegranate aril juice
(272.00-849 mg GAE/L juice, reported by Rajasekar and co-workers, 2012), but
lower than of Iran pomegranate juice (2376-9.304 mg GAE/L juice reported by
Mousavinejad and co-workers (2009). The previous studies showed that total phenolic
content levels of pomegranate juice vary greatly among different cultivars and
different growing regions in the world. The results of Li and co-workers (2014)
showed that polyphenol monomers (punicalagin, gallic acid, catechin, chlorogenic
acid, cafeic acid, epicatechine, ferulic acid, ellagic acid, and kaempferol) were found

in aril juice of 10 pomegranate cultivars from 4 growing regions of china (Table 9).
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Punicalagin is the most polyphenol monomers found in pomegranate aril juice,
suggesting that punicalagin was the primary polyphenol in pomegranate juice in
accordant to the findings of Gil e al. (2000). Punicalagin and hydrolyable tannins
were the richest polyphenol compounds in pomegranate aril juice. High amount of
hydrolysable tannins and anthocyanins were found in pomegranate juice indicating
high antioxidant activity of pomegranate juice (Li et al., 2015).

Serum levels of biochemical parameters such as aspartate aminotransferase
(AST), alanine transaminase (ALT), and creatine phosphokinase (CPK or CK) were
determined in I/R rats received concentrated TPJ. AST and ALT, that released into
the blood of human and animals, are enzymes moderately sensitive for indicating of
liver damage or hepatotoxicity. I/R rats intragastric injected with the 3 doses of TPJ,
DDD water, 1% tween 80, and vitamin E (positive control) for 60 min before
reperfusion of blood. The present study demonstrated that there was no statistical
significant difference in all serum biochemical parameters between all groups of /R
rats treated with different doses of TPJ and vitamin E. Serum AST levels in all
groups were higher than normal range (74-143 U/L) of clinical laboratory parameters
(Giknis and Clifford, 2008). Serum ALT levels in /R+DDD water group, IR+vitamin
E group, /R+ Low dose TPJ group, I/R+Middle dose TPJ group, and I/R+High dose
TPJ group were higher than normal range (18-45 U/L) of clinical laboratory
parameters (Giknis and Clifford, 2008). Normal skeletal muscle cell contains plenty
of CPK enzymes. The cytosolic enzyme CPK is also found pre-domainantly in
skeletal muscle and is a marker of skeletal muscle tissue damage (Carter ef al., 1998).
Serum CPK levels were within the normal Tange (162-1184 U/L) of élinical

l‘aboratory parameters (Giknis and Clifford, 2008). Serum CPK level of 1318+208.30
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was shown in ischemia-reperfusion group by 2 hours of ischemia and 24 hours
reperfusion in study of Takhtfooladi and colleagues (2014) that was statistically
higher than to sham and I/R treated groups. The results of serum CPK levels in the
present study showed no statistically significant difference between all groups of I/R
rats treated with different doses of TPJ and vitamin E. The different results showing
in the present study may be a result of the time used ischemia-reperfusion was shorter
than the study of Takhtfooladi and colleagues (2014).

Reactive oxygen species (ROS) comprise both free radical and non-free
radical oxygen intermediates (Suttajit et al., 2012). ROS are chemically reactive
molecule containing oxygen including peroxide, superoxide, hydroxyl radical,
hydroperoxide, and peroxyl radical. Free radicals are highly reactive and ready to
interact with many cell components such as lipids, proteins, carbohydrates and DNA.
Oxidative stress means an alteration in the delicate balance between ROS and the
scavenging capacity of antioxidant in the body (Frei, 1994). Oxygen free radicals are
considered to be important component involving in the physio-pathological tissue
alterations observed during ischemia-reperfusion. The previous studies, the tissues
were presented to accumulate free radical within the first few min of reperfusion
(Kloner et al., 1989) and post-ischemic endothelium is main source of free radical.
The most significant damaging effect of free radicals on tissues is lipid peroxidation
(Avci, 2012). Ischemia-reperfusion may lead to excessive free radicals productidn and
increase of lipid peroxidation level. The product of lipid peroxidation is a
malondialdehyde (MDA). A significant decrease in MDA level was observed in rats
treated with different doses of pomegranate juice (Turk et‘ al., 2008). The study of

Novelli and co-workers (1997) presented that MDA level in the skeletal muscle tissue
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(gastrocnemius muscle) significantly increased following 2 hours of ischemia and 4
hours of reperfusion. MDA levels in skeletal muscle cell decreased in vitamin E
treated patients after a period of ischemia-reperfusion. Treatment of TPJ and alpha-
tocopherol (vitamin E) decreased lipid peroxidation level and increased antioxidant
activities in skeletal muscle. The results of the present study revealed that ischemia-
reperfusion injury led to increase MDA levels in the skeletal muscle tissue.
Administration of vitamin E and 3 doses of TPJ were statistically lower than control
groups of tissue MDA levels at P<0.05. Ischemia-reperfusion caused an increase in
MDA level, since MDA levels increase in control groups (I/R-DDD water and I/R-1%
tween 80). Decreases in MDA levels were shown following administration of vitamin
E and 3 doses of TPJ. This finding suggested that TPJ could protect lipid peroxidation
by induced by ischemia reperfusion. The antioxidant SOD enzyme, CAT enzyme, and
GSH have complementary activities in the anti-oxidative defense system. The
antioxidant SOD enzyme, CAT enzyme, and GSH were assessed to investigate the
enzymatic and non-enzymatic antioxidant status in skeletal muscle after ischemia-
reperfusion (Xu ef al., 2005). A significant increase in GSH and CAT activities were
observed in rats treated with different doses of pomegranate juice (Turk et al., 2008).
Prolonged pomegranate juice ingestion on general oxidation status showed an
increase in SOD activity and a decrease in GSH in hepatic oxidative stress (Faria et
al., 2007). Vitamin E is one of the best non-enzymatic antioxidant can prevént
oxidative stress, endothelial damage, intramuscular edema, and major muscle fiber
damage in the muscle tissue. Alpha-tocopherol has a protective effect on oxidative
muscle damage after ischemia-reperfusion in humans (Novelii et al., 1997). The

present study demonstrated increases in tissue SOD and CAT activities and GSH
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sion received DDD water and 1% tween 80 groups
nd treatment (vitamin E and 3 doses of TPJ) groups.
n E and 3 doses of TPJ increased SOD, CAT activities, and
scle tissue compared with controls group. Increases of SOD,
and GSH levels in muscle tissue by TPJ indicated TPJ could
1duced by ischemia reperfusion. Moreover, we found that 3
vitamin E possessed similar potency in antioxidant activity in
ia-reperfusion. A soleus muscle was commonly used for the
hemia reperfusion in skeletal muscle model (Karpati ef al., 1974;
- 2007). A slow twitch muscle fibers with aerobic metabolism
15 selected for histological study because slow twitch muscle fibers
to ischemia fast twitch fibers (Jennische, Amundson, and Haljame,

2014). Four hours ischemia, skeletal muscle (slow-twitch fibers)

her than I/R-Middle dose TPJ and I/R-High dose TPJ groups. The
‘were similar to those findings in ischemia-reperfusion recovered
tfooladi, 2014). TPJ could protect cell damage from oxidative stress

hemia-reperfusion that was inconsistent with other results.
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The present study demonstrated protective effects of TPJ against alterations in
skeletal muscle cell metabolism in I/R model. Ischemia-reperfusion can cause ROS
and cell membrane ruptures damage, and finally cell death. TPJ possesses a protective
effect against oxidative stress and skeletal muscle cell damage induced by I/R, as
potent as vitamin E. The present, in vivo and in vitro studies revealed that protective
effect is most likely because of the free radical scavenging activity of antioxidants
found in TPJ. During the reperfusion periods, antioxidants in TPJ may protect against
reactive oxygen species (ROS) induced skeletal cell damage and ameliorate oxidative stress-
induced by I/R (Figure 25). The results of 3 doses TPJ-treated groups shown protect
oxidative stress but not all is the best doses. The results shown tend to Low and
middle dose TPJ is the best doses but High dose presented low potent more than other
doses. High dose TPJ contained high pH levels that cause low potent more than other
doses.

In conclusion, the present study indicated that TPJ is a rich source of
antioxidants and total polyphenols content that have a number of health benefits. TPJ
may have protective effects against skeletal muscle tissue injury caused by I/R that
are probably through antioxidant defense system against radical damage. Further
studies are needed to ensure the protective effects of TPJ on oxidative stress induced

by another model such as exhaustive exercise.
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Figure 25 Protective effects of TPJ against alterations in skeletal muscle cell
metabolism of ischemia and reperfusion period. During the reperfusion periods,
antioxidants in TPJ may protect against reactive oxygen species (ROS) induced
skeletal cell damage and ameliorate oxidative stress-induced by I/R. Ca; calcium, Ay;
membrane potential, Mito Ca; mitochondria calcium, Na; sodium, ATP; adenosine

triphosphate, O; oxygen, and TPJ; Thai pomegranate juice.
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APPENDIX A

ASSAY FOR TOTAL PHENOLIC CONTENT

Chemicals:

- Sodium carbonate (Na,CO3, BDH, Ltd., UK)

- Folin-Ciocalteu reagent (FCR, Merck Millipore, Germany)

- Ethanol (C;HgO, Carlo Erba Reagents, France)

- Gallic acid (C;7H4Os, sigma-Aldrich; St. Louis, USA)
Reagents:

1. Solution A: 2% Sodium carbonate solution

Dissolved 5 g of sodium carbonate in DDD water and made up to 250 ml of
final volume and stored at room temperature.

2. Solution B: 10% Ethanol solution

Dissolved 2 ml of ethanol in DDD water and made up to 20 ml of final volume
and stored at room temperature.

3. Solution C: Folin-Ciocalteu (FC) solution

Dissolved 1.5 ml of Folin-Ciocalteu in solution B and made up to 3 ml of final
volume and stored at room temperature.

4, Solution D: Gallic acid solution

Dissolved 0.01 g of gallic acid in DDD water and made up to 10 ml of final
volume and stored at room temperature.

5. Solution E: Diluted fresh Thai pomegranate juice (1:11)
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Dissolved 100 ml of fresh Thai pomegranate juice in 10% ethanol and made
up to 1100 pl of final volume and stored at 4o

6. Solution F: Diluted concentrated Thai pomegranate juice by rotary vacuum
evaporation (1:11)

Dissolved 100 ml of concentrated Thai pomegranate juice in DDD water and
made up to 1100 pl of final volume and stored at 4C.

7. Solution G: Diluted concentrated Thai pomegranate juice by microwave
evaporation (1:11)

Dissolved 100 ml of concentrated Thai pomegranate juice in DDD water and
made up to 1100 pl of final volume and stored at ie
Procedure:

Pipetted the solution into each well as followed:

Sample (pl) Standard (ul) Blank (pl)
DDD water - - 100
Standard - 100 -
Sample 100 & -
Folin—Ciocalteu reagent 100 100 100
Sodium carbonate solution 2000 2000 2000

- Pipetted 100 pl of diluted sample (fresh TPJ, concentrated TPJ by
microwave evaporation, and concentrated TPJ by rotary vacuum evaporation) and 100
ml of Folin—Ciocalteu in the tube.

- 2 ml of sodium carbonate solution was added to the mixture and then

allowed to stand for 30 min at room temperature.
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- The absorbance was measured at 750 nm using spectrophotometer (CECIL
1011, England).

- Gallic acid was used as standard for the calibration curve. Results were
expressed as mg of gallic acid equivalents (GAE) in a liter of fruit juice (mg GAE/L
of juice).

- Determinations were performed in triplicate and the mean values were

calculated.



APPENDIX B
ASSAY FOR ANTIOXIDANT: 1,1-DIPHENYL-2-

PICRYLHYDRAZYL (DPPH) RADICAL-SCAVENGING

Chemicals:

- 1,1-diphenyl-2-picrylhydrazyl (DPPH)(C;sH2N5O4, Sigma-Aldrich; St.
Louis, USA)

- Methanol (CH ;0H, Carlo Erba Reagents, France)

- Vitamin C (C¢HsOg, Carlo Erba Reagents, France)
Reagents:

1. Solution A: 25 mg/L 1,1-diphenyl-2-picrylhydrazyl (DPPH) solution

Dissolved 0.007 g of l,l-dipheny]-2~picry1hydrazyl_in absolute methanol and
made up to 280 ml of final volume and stored at room temperature.

2. Solution B: Vitamin C solution

- Dissolved 0.005 g of vitamin C with 5 ml of DDD water and stored at room

temperature.

- Vitamin C solution was then diluted with DDD water to make serial
concentration of 0.001 g/ml, 0.003 g/ml, 0.005 g/ml, 0.010 g/ml, 0.020 g/ml, 0.030
g/ml, 0.040 g/ml, and 0.050 g/ml, respectively.

3. Solution E: Fresh Thai pomegranate juice solution
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- Dissolved 2,000 Ml of fresh Thai pomegranate juice in DDD water and made
up to 1,000 ul of final volume and stored at 4°C.

- Fresh Thai pomegranate juice was then diluted with DDD water to make
serial concentrations of 0.00 pl/ml, 0.20 pl/ml, 0.40 pl/ml, 0.78 pl/ml, 1.56 pl/ml,
3.13 pl/ml, 6.25 pl/ml, 12.50 pl/ml, and 25.00 pl/ml, respectively.

4. Solution F: Concentrated Thai pomegranate juice by rotary vacuum
evaporation

- Dissolved 640 pl of concentrated Thai pomegranate juice in DDD water and
made up to 2,000 pl of final volume and stored at 4°C.

- Concentrated Thai pomegranate juice was then diluted with DDD water to
make serial concentrations of 0.00 pl/ml, 0.06 pl/ml, 0.13 pl/ml, 0.25 pl/ml, 0.50
pl/ml, 1.00 pl/ml, 2.00 pl/ml, 4.00 pl/ml, and 8.00 pl/ml, respectively.

7. Solution G: Concentrated Thai pomegranate juice by microwave
evaporation

- Dissolved 640 M1 of concentrated Thai pomegranate juice in DDD water and
made up to 2,000 pl of final volume and stored at 4°C.

- Concentrated Thai pomegranate juice was then diluted with DDD water to
make serial concentrations of 0.00 pul/ml, 0.06 pl/ml, 0.13 pl/ml, 0.25 pl/ml, 0.50

pl/ml, 1.00 pl/ml, 2.00 pl/ml, 4.00 pl/ml, and 8.00 pl/ml, respectively.
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Procedure:

Pipetted the solution into each well as followed:

Sample (ul) Standard (ul) Blank (pl)

DDD water - - 50
Standard - 50 -
Sample 50 - -
DPPH working solution 1950 1950 1950

- Pipetted 50 ul of diluted TPJ samples (fresh TPJ, concentrated TPJ by
microwave evaporation, and concentrated TPJ by rotary vacuum evaporation) and
vitamin C (positive control, 0.001 g/ml) into test tube.

- Pipetted 1950 pl of DPPH solution (25 mg/L) in methanol in to test tube.

- The mixture was incubated at room temperature for 30 min in the dark.

- All solutions were freshly prepared and protected from light.

- The absorbance of the mixture was then measured at 515 nm using a
microplate reader (BioRad-Benchmark Plus microplate reader, USA).

- All détenninations were performed in triplicate.

- Distilled water (50 pl) mixed with 1950 ul of the DPPH working solution
was used as the control and absolute methanol was used as sample blank.

- Radical scavenging activity was defined as the inhibition percentage. The
scavenging capacity (SC) for DPPH assay was calculated by using the following
equation:

% (SC) = [(Abs control — Abs sample) / Abs control] *100
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- Results were expressed as ICsy concentration where 50% inhibition of the
DPPH scavenging capacity is obtained. GraphPad Prism software (version 6,

GraphPad Software Inc, California, USA) was used to calculate ICsq values.



APPENDIX C
ASSAY FOR ANTIOXIDANT: 2,2’-AZINO-BIS-3-
ETHYLBENZTHIAZOLINE-6-SULPHONIC ACID

(ABTS) RADICAL-SCAVENGING

Chemicals:

- 2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS)
(C1sH18N4O¢S4, Sigma-Aldrich; St. Louis, USA)

- Methanol (CH ;0H, Carlo Erba Reagents, France)

- Potassium persulfate (K;S;0s, Sigma-Aldrich; St. Louis, USA)

- Ethanol (C;HgO, Carlo Erba Reagents, France)

- Vitamin C (C¢HgOg, Carlo Erba Reagents, France)
Reagents:

1. Solution A: 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid solution

Dissolved 0.0179 g of 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
in DDD water and made up to 5 ml and stored at room temperature.

2. Solution B: 140 mM potassium persulfate solution

Dissolved 3.7849 of potassium persulfate in DDD water and made up to 100

ml and stored at room temperature.
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3. Solution C: 7 mmol/L 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid

(ABTS) working solution
- Solution A 5 ml
- Solution C 88 ul

Solution A was mixed with solution B and incubated at room temperature. The
solution was protected from light for 16 h.

4. Solution D: Vitamin C solution

- Vitamin C (0.005 g) was dissolved in 5 ml of DDD water and stored at room
temperature.

- Vitamin C solution was then diluted with DDD water to make serial
concentrations of 0.001 g/ml, 0.003 001 g/ml, 0.005 g/ml, 0.010 g/ml, 0.020 g/ml,
0.030 g/ml, 0.040 g/ml, and 0.050 g/ml, respectively.

5. Solution E: Diluted fresh Thai pomegranate juice

- Dissolved 2000 M1 of fresh Thai pomegranate juice in DDD water and made
up to 1,000 pl of final volume and stored at 4°C.

- Fresh Thai pomegranate juice was then diluted with DDD water to make
serial concentrations of 0.00 pl/ml, 0.20 pl/ml, 0.40 pl/ml, 0.78 ul/ml, 1.56 ul/ml,
3.13 pl/ml, 6.25 pl/ml, 12.50 pl/ml, and 25.00 pl/ml, respectively.

6. Solution F: Diluted concentrated Thai pomegranate juice by rotary vacuum
evaporation.

- Dissolved 640 pl of concentrated Thai pomegranate juice in DDD water and

made up to 2,000 pl of final volume and stored at 4°C.
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- Concentrated Thai pomegranate juice was then diluted with DDD water to
make serial concentrations of 0.00 pl/ml, 0.06 pl/ml, 0.13 ul/ml, 0.25 pl/ml, 0.50
pl/ml, 1.00 ul/ml, 2.00 pl/ml, 4.00 pl/ml, and 8.00 pl/ml, respectively.

7. Solution G: Diluted concentrated Thai pomegranate juice by microwave
evaporation.

- Dissolved 640 ul of concentrated Thai pomegranate juice in DDD water and
made up to 2,000 pl of final volume and stored at 4°C.

- Concentrated Thai pomegranate juice was then diluted with DDD water to
make serial concentrations of 0.00 pl/ml, 0.06 pl/ml, 0.13 pl/ml, 0.25 pl/ml, 0.50
ul/ml, 1.00 ul/ml, 2.00 pl/ml, 4.00 pl/ml, and 8.00 pl/ml, respectively.
Procedure:

Pipetted the solution into each well as followed:

Sample (ul) Standard (ul) Blank (ul)
DDD water - - 25
Standard - 28 -
Sample 23 - -
ABTS working
2,000 2,000 2,000
solution

- Pipetted 25 pl of diluted TPJ samples (fresh TPJ, concentrated TPJ by
microwave evaporation, and concentrated TPJ by rotary vacuum evaporation) and
vitamin C (positive control) into microplate.

- Pipetted 2,000 pl ABTS working solution (5 ml of 7 mmol/L ABTS solution

reacted with 88 pl of 140 mmol/L potassium persulfate solution and then the reaction
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solution was diluted with ethanol to make the absorbance of 0.700+£0.005 at 734 nm)
into microplate. All solutions were freshly prepared and protected from light.

- The mixture was then incubated at room temperature for 10 min in the dark.

- The absorbance of the mixture was then measured at 734 nm using a
microplate reader (BioRad-Benchmark Plus microplate reader, USA).

- All determinations were performed in triplicate. Distilled water (25 pl)
mixed with 2,000 pl of ABTS working solution was used as the control and absolute
ethanol was used as sample blank.

- Radical scavenging activity was defined as the inhibition percentage.

- The scavenging capacity (SC) for ABTS assay was calculated by using the
following equation:

% (SC) = [(Abs control — Abs sample) / Abs control]*100

- Results were expressed as ICsp concentration where 50% inhibition of the

ABTS scavenging capacity is obtained. GraphPad Prism software (version 6,

GraphPad Software Inc, California, USA) was used to calculate ICs, values.



APPENDIX D
ASSAY FOR ANTIOXIDANT: FERRIC REDUCING

ANTIOXIDANT POWER (FRAP)

Chemicals:

- 2,4,6-tripyridyl-s-triazine (TPTZ) (Sigma-Aldrich; St. Louis, USlA)

- Hydrochloric acid (HCI, Sigma-Aldrich; St. Louis, USA)

- Glacial acetic acid (CH3;COOH, Sigma-Aldrich; St. Louis, USA)

- Sodium acetate (CH3;COONa, Sigma-Aldrich; St. Louis, USA)

- Ferric chloride (FeCl;.6H,0, Sigma-Aldrich; St. Louis, USA)

- Ferrous sulfate (FeSQO4.7H>0, Sigma-Aldrich; St. Louis, USA)

- Vitamin C (Carlo Erba Reagents, France)
Reagents:

1. Solution A: 40 mM hydrochloric acid (HCI) solution

Dissolved 0.08 ml of hydrochloric acid in DDD water and made up to 20 ml of
final volume and stored at room temperature.

2. Solution B: 10 mM 2.,4,6-tripyridyl-s-triazine (TPTZ) solution

Dissolved 0.0324 g of 2.4,6-tripyridyl-s-triazine (TPTZ) in solution A and
made up to 10 ml of final volume at 37 C.

3. Solution C: 20 mM ferric chloride solution
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Dissolved 0.0324 g of ferric chloride in DDD water and made up to 10 ml of final
volume and stored at room temperature.

4. Solution D: 300 mM acetate buffer at pH 3.6

- Sodium acetate 082 g
- Glacial acetic acid 8.11 ml

Dissolved all chemicals in DDD water and made up to 500 ml of final volume
and stored at room temperature. The solution was adjusted pH with sodium
hydroxide.

5. Solution E: Ferrous sulfate solution

Dissolved 0.667 g of ferrous sulfate in DDD water and made up to 1 ml of
final volume and stored at room temperature.

- Ferrous sulfate was diluted with DDD water to make serial concentrations of
0 pmol/ml, 58.59 pmol/ml, 117.19 pmol/ml, 234.38 pumol/ml, 468.75 pmol/ml, and
937.50 umol/ml, respectively.

6. Solution F: Diluted fresh Thai pomegranate juice (1:11)

Dissolved 100 pl of fresh Thai pomegranate juice in 10% ethanol and made up
to 1,100 pl of final volume and stored at 4°C.

7. Solution G: Diluted concentrated Thai pomegranate juice by rotary vacuum
evaporation (1:11)

Dissolved 100 pl of concentrated Thai pomegranate juice in DDD water and
made up to 1100 pl of final volume and stored at 4 C.

8. Solution H: Dissolved concentrated Thai pomegranate juice by microwave

evaporation (1:11).
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Dissolved 100 ul of concentrated Thai pomegranate juice in DDD water and
made up to 1,100 pul of final volume and stored at 4°C.
Procedure:

Pipetted the solution into each well as followed:

Sample (pl) Standard (pl) Blank (ul)
DDD water - - 40
Standard - 40 -
Sample 40 - -
DDD water 200 200 200
FRAP solution 1,800 1,800 1,800

- Pipetted 40 pl of diluted TPJ samples (fresh TPJ, concentrated TPJ by
microwave evaporation, and concentrated TPJ by rotary vacuum evaporation) and
quercetin (positive control, 0.025 g/ml) into test tube.

- Pipetted 200 ul of DDD water into test tube.

- Pipetted 1,800 pl FRAP solution into test tube. FRAP solution containing 2.5
ml of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) solution in 40 mM HCI 2.5 ml of 20
mM FeCls.6H,0, and 25 ml of 0.3 mM acetate buffer (pH 3.6), was freshly prepared
and warmed to 37 C prior to use.

- The mixture was then incubated at 37°C in water bath for 30 min in the dark.

- All soiutions were freshly prepared and protected from light.

- The absorbance of the mixture was then measured at 593 nm using

spectrophotometer (CECIL 1011, England).
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- Distilled water (40 pl) mixed with 1,800 pl of FRAP solution was used as the
sample blank.

- Quercetin was used as positive control.

- The results were calculated from the standard curve constructed of by
different concentrations of Iron (II) sulfate solution.

- The results were expressed in mmol Fe*'/L. All the measurements were

taken in triplicate and the mean values were calculated.



APPENDIX E

PREPARATION OF TISSUE HOMOGENATE

Chemicals:
- Triz-base acid (Sigma-Aldrich; St. Louis, USA)
- Hydrochloric acid (HCI, Carlo Erba Reagents, France)
Reagents:
1. Solution A: 50 mM Triz-base solution
Dissolved 12.12 g of triz-base in DDD water and made up to 2,000 ml of final
volume and stored at room temperature.
2. Solution B: 50 mM hydrochloric acid (HCI) solution
Dissolved 2.475 ml of hydrochloric acid in DDD water and made up to 250 ml
of final volume and storage at room temperature.
3. Solution C: 50 mM Triz-HCI solution
- Solution A 500 ml
- Solution B 403 ml
Solution A was mixed with solution B was kept at 2-4 C. This solution was

used as homogenization buffer and should be ice cold at the time of use.



APPENDIX F

ASSAY FOR PROTEIN

Chemicals:
- Copper sulfate (CuSO4.5H,0, Sigma-Aldrich; St. Louis, USA)
- Sodium tartate (Na;HsH40¢.H2O, Sigma-Aldrich; St. Louis, USA )
- Sodium azide (BD, Ltd., UK)
- Sodium hydroxide (NaOH.5H,0, Sigma-Aldrich; St. Louis, USA)
- Sodium carbonate (Na,COjs, Sigma-Aldrich; St. Louis, USA)
- Sodium dodecyl sulfate (SDS: Cy,H25Na04S, BDH, Ltd., UK)
- Folin-Ciocatteau reagent (Merck Millipore, Germany)
- Bovine Serum albumin (Sigma-Aldrich; St. Louis, USA)
- Hydrochoric acid (HC], Carlo Erba Reagents, France)
- Trizma base (Sigma-Aldrich; St. Louis, USA)
Reagents:

1. Solution A

- Copper sulfate 015 g
- Sodium tartate 030 g
- Sodium azide 005 g

All chemicals were dissolved in DDD water and made up to 250 ml of final
volume stored at room temperature.

2. Solution B
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- Sodium hydroxide 20 g
- Sodium carbonate 80 g
- Sodium dodecyl sulfate 1.0 g

All chemicals were dissolved in DDD water and made up to 250 ml of final
volume stored at room temperature.

3. Solution C

Freshly mixed solution A and solution B (1:3)

4. Solution D

2 N of diluted Folin-Ciocatteau reagent was mixed with DDD water (1:20) and
stored at room temperature.

5. Solution E (Standard protein)

Dissolved bovine serum albumin (BSA) in DDD water to make serial
concentrations of 0 pg/ml, 62.5 pg/ml, 125 pg/ml, 250 pg/ml, 500 pg/ml, 1,000

pg/ml, 2,000 pg/ml, respectively.

Procedure:

Pipetted the solution into each well as followed:

Sample (pl) Standard (pl) Blank (ul)
DDD water - - 30
Standard - 30 -
Sample 30 - -
Solution C 100 100 100

Solution D 150 150 150
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- Pipette 30 pl of the sample and standard protein into 96 well plates.

- Pipetted 100 pl of solution C into 96 well plates, and then incubated for 60
min at room temperature.

- Pipette 150 pl of the solution D into 96 well plates.

- All solutions were mixed and incubated for 30 min at room temperature.

- The absorbance of the mixture was then measured at 650 nm using a

microplate reader (BioRad-Benchmark Plus microplate reader, USA).

Calculation:
AADbSsandard = ADbSsiandard - ADSblank
Plotted the AAbSgandara againt protein concentration on the standard graph.
AADbSgample = AbSsample = AbSplank

The results determined the mg protein from the standard curve.



APPENDIX G

ASSAY FOR SUPEROXIDE DISMUTASE ENZYME

ACTIVITY

Chemicals:
- Thiobabituric acid (TBA, Sigma-Aldrich; St. Louis, USA)
- Thiochloroacetic acid (TCA, Sigma-Aldrich; St. Louis, USA)
- Hydrochoric acid (HCI, Carlo Erba Reagents, France)
- 1,1,3,3-tetramethoxy propane (TMP, Sigma-Aldrich; St. Louis, USA)
- Trizma base (Sigma-Aldrich; St. Louis, USA)
Reagents:
1. Water-soluble tetrazolium salt (WST) working solution
Diluted 1 ml of WST solution with 19 ml of buffer solution.
2. Enzyme working solution

Pipetted 15 pl of enzyme solution with 2.5 ml of dilution buffer.
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Procedure:

Pipetted the solution into each well as followed:

Sample (pl) Control (ul)
Sample 20 -
Tris-HCL - 20
WST working solution 200 200
Enzyme working solution 20 20

- Added 20 pl of sample solution into each well.

- Added 200 pl of WST working solution into each well, and mixed.

- Added 20 pl of enzyme working solution into each well, mixed thoroughly,
and the mixture was then incubated at 37 C for 20 min.

- The absorbance of the mixture was measured at 450 nm using a microplate
reader (BioRad-Benchmark Plus microplate reader, USA).

- The SOD activity (inhibition rate %) was calculated using the following
equation:

SOD activity (inhibition rate % = [(Abs control — Abs sample) / Abs control)]*100



APPENDIX H

ASSAY FOR CATALASE ENZYME ACTIVITY

Chemicals:

- Hydrogen Peroxide (H,O, Merck Millipore, Germany)

- Potassium permanganate (KMnO4 BDH, Ltd., UK)

- Sulfulic acid (H,SO4, Sigma-Aldrich; St. Louis, USA)

- Disodium phosphate or Disodium hydrogen phosphate (Na;HPOj, Sigma-
Aldrich; St. Louis, USA)

- Standard Catalase enzyme solution (Sigma-Aldrich; St. Louis, USA)

- Hydrochoric acid (HCI, Carlo Erba Reagents, France)

- Trizma base (Sigma-Aldrich; St. Louis, USA)
Reagents:

1. 0.01 N of Hydrogen Peroxide (H,O;) solution

Dissolved 0.0568 ml of hydrogen peroxide 30% (w/w) in 50 miM potassium
phosphate buffer, pH 7 at 25 C, made up the final volume to 100 ml.

2. 0.005 N Potassium permanganate (KMnOy) solution

Dissolved 0.016 g of potassium permanganate in 100 ml of DDD water at
room temperature.

3. 5 N of sulfulic acid (H,SO4)solution

Dissolved 3.507 ml of sulfulic acid in DDD water and made up to 25 ml of

final volume and stored at room temperature.
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4. 50 mM Potassium phosphate buffer solution, pH 7 at 25°C

Dissolved 6.80 g of potassium phosphate in 1,000 ml DDD water and stored at
25 C temperature.

5. Standard catalase enzyme solution

Immediately before use, serial concentrations of standard catalase enzyme
solution were prepared in Triz-HCI buffer solution: 0 unit/ml, 1.56 unit/ml, 3.13
unit/ml, 6.25 unit/ml, 12.50 unit/ml, 25.00 unit/ml, respectively.
Procedure:

Pipetted the solution into each well as followed:

Sample (ul) Standard (pl)  Blank (ul)

Tris-HCL - - 10
Standard CAT enzyme - 10 -
Sample 10 - -
H,0; 50 50 50
H,S04 0 25 25
KMnOy 150 150 150

- Pipetted 10 P of the sample and standard enzyme into 96 well platés.

- Pipetted 50 pI of hydrogen peroxide solution into 96 well plates.

- Added 25 pI of the sulfulic acid solution (5 N) into 96 well plates.

- Pipetted 150 M1 of potassium permanganate solution into 96 well plate and all
solutions was mixed.

- The absorbance was then measured at 490 nm using a microplate reader

(BioRad- Benchmark Plus microplate reader, USA).
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- The distilled water mixed of hydrogen peroxide solution, sulfulic acid
solution and potassium permanganate solution was used as the control.

- Hydrogen peroxide solution, sulfulic acid solution and potassium
permanganate solution was used as blank.

- All determinations were performed in triplicate.

- Catalase enzyme activity was expressed as unit/mg protein.
Calculation:

AAbSsandard = AbSsiandard = AbSblank

Plotted the AAbsyg standard againt catalase enzyme concentration on the

standard graph.
AADbSsample = AbSsampie - AbSplank

Determined the catalase enzyme activity from the standard curve.



APPENDIX I

ASSAY FOR GLUTATHIONE

Chemicals:

Potassium phosphate (K304P, Sigma-Aldrich; St. Louis, USA)

Ethylene diamine tetraacetic acid (EDTA, Sigma-Aldrich; St. Louis, USA)

Glutathione Reductase (Sigma-Aldrich; St. Louis, USA)

Glutathione Reduced (Sigma-Aldrich; St. Louis, USA)

- Ammonium sulfate ((NH4),SO4, Sigma-Aldrich; St. Louis, USA)

Dithiothreitol (C4Hp0,S,, Sigma-Aldrich; St. Louis, USA)

- 5,5’-Dithiobis(2-nitrobenzoic acid) (Cj4HgN,OsS,;DTNB, Sigma-Aldrich; St.
Louis, USA)

- Nicotinamide adenine dinucleotide phosphate (C; Hy9N;O7P3, Sigma-
Aldrich; St. Louis; USA)

- Dimethyl Sulfoxide ((CH3),SO, Sigma-Aldrich; St. Louis, USA)

- Triz-base (Sigma-Aldrich; St. Louis, USA)

- Hydrochloric acid (HCI, Sigma-Aldrich; St. Louis, USA)
Reagents:

1. 5,5’-Dithiobis(2-nitrobenzoic acid) (DTNB) solution

Dissolved 8 mg of 5,5’-Dithiobis(2-nitrobenzoic acid) (DTNB) in 5.33 ml of

dimethyl sulfoxide (DMSO) to make a 1.5 mg/ml solution.
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2. Nicotinamide adenine dinucleotide phosphate (NADPH) solution (0.16
mg/ml)

Diluted 42 pl of NADPH stock solution (40 mg/ml) in dilution assay buffer
and made up to 10,500 pl of final volume.

3. Assay buffer solution

- Assay buffer included 500 mM of potassium phosphate and 5 mM of EDTA
at 30 ml of total volume.

- Diluted 8.58 ml of assay buffer in 34.32 ml of water and stored at 2-4°C
temperature.

4. Enzyme solution (6 unit /ml)

Diluted 13.68 pl of glutathione reductase (400 unit /ml) in dilution assay
buffer and made up to 900 pl of final volume.

5. Working mixture

- Enzyme solution 897.75 ul
- DTNB solution 897.75 ul

Dissolved all solutions in 31.5 ml of assay buffer solution and stored at 2-4 C.

6. Glutathione (GSH) standard solution (10 mM)

Dissolved 0.3 mg of GSH in 0.1 ml of DDD water and stored at 2 to 4 C. GSH
standard solution were diluted with Triz-HCI solution to make serial concentrations of
250 pmol/10pl, 125.00 pmol/10pl, 62.50 pmol/10ul, 31.25 pmol/10ul, 15.63
umol/10ul, 7.81 pmol/10pl, and 0.00 pmol/10ul, respectively.

Procedure:
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Pipetted the solution into each well as followed:

Sample (pl) Standard (pl) Blank (ul)
Tris-HCL = - 10
Standard - 10 -
Sample 10 - -
Working mixture 150 150 150

Mix and incubate 5 min

NADPH 50 50 50

1. Added 10 pl samples and standard into each well of microplate.
2. Added 150 pl of the working mixture into each well with a multichannel
pipette. Mixed by pipetting up and down.
3. The mixture was then incubate 5 min at room temperature.
4. Added 50 pl of the diluted NADPH solution into each well with a
multichannel pipette and mixed b)lf pipetting up and down.
5. The absorbance of the mixture was then measured at 412 nm using a
microplate reader (BioRad- Benchmark Plus microplate reader, USA).
6. The GSH levels were calculated using the following equation:
Calculation:
AAbSstandard = AbSstandard = AbSplank
Plotted the AAbSgandara Standard against GSH concentration on the standard
graph.
AAbSsample = AbSsampie ~ AbSlank

The GSH levels were determined as pmol/mg protein from the standard curve.



APPENDIX J

ASSAY FOR MALONDIALDEHYDE

Chemicals:

- Thiobabituric acid (C;H4N,0,S, Sigma-Aldrich; St. Louis, USA)

- Triochloroacetic acid (Cl3CCOOH, Sigma-Aldrich; St. Louis, USA)

- Hydrochoric acid (HCI, Carlo Erba Reagents, France)

- 1,1,3,3-tetramethoxypropane ((CH3;0),CHCH,CH(OCHj3),, Sigma-Aldrich;
St. Louis, USA)

Solution:

1. Solution A: TCA-TBA-HCI solution

- 0.375 % (w/v) Thiobabituric acid (TBA) 0375 g
- 15% (w/v) Triochloroacetic acid (TCA) 15 g
- 0.25 N Hydrochoric acid (HCI) 2475 ml

All chemicals were dissolved in 100 ml DDD water and made up to 100 ml of
final volume.

2. Solution B: 1,1,3,3-tetramethoxy propane (TMP)

Dissolved 10 pl of 1,1,3,3-tetramethoxy propane (TMP) in DDD water and
made up to 990 ml of final volume and stored at room temperature. TMP was diluted
with DDD water to make serial concentrations of 0 nmol/ml, 0.46 nmol/ml,0.93

nmol/ml, 1.85 nmol/ml, 3.71 nmol/ml, 7.41 nmol/ml, 14.82 nmol/ml, 29.65 nmol/ml,

and 59.30 nmol/ml, respectively.
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Procedure:

Pipetted the solution into each well as followed:

Sample (ul) Standard (pl) Blank (ul)
Tris-HCL - 100
Standard TMP = 100 -
Sample 100 - -
TCA-TBA-HCI 200 200 200

solution

- Pipetted 100 pl of the salﬁple and standard enzyme into tube.

- Pipetted 200 pl of TCA-TBA-HCL reagent into each tube, mixed well.

- The mixture was heated with a boiling water bath (IOOBC) for 15 min.

- After cooling, the mixture was centrifuged at 1,000 g for 10 min.

- The absorbance of the mixture (supernatant) was then measured at 535 nm
using microplate reader (BioRad- Benchmark Plus microplate reader, USA).

- DDD water mixed with TCA-TBA-HCL reagent was used as the control and
TCA-TBA-HCL reagent was used blank. All determinations were performed in
triplicate. The TMP concentrations were calculated using following equation:
Calculation:

AADSstandard = AbSsuandard = AbShlank

Plotted the AAbSgandara Standard against TMP concentration on the standard

graph.
AAbSgample = AbSgample = AbSplank
The TMP (equivalence with MDA) level was determined as nmol/mg tissue

weight from the standard curve.
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