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1.1 CARDIOVASCULAR DISEASE

Cardiovascular diseases (CVDs) are the major catiskeath in India and
worldwide. In 2015, CVDs accounted for one-thirdatif deaths worldwide. CVDs
are expected to be the fastest growing chroniesies, which is increasing at the rate
of 9.2% annually, and accounting for the secondgdstr number of non-
communicable disease (NCD) after mental illnes8esiore worrying fact is that the
incidences of CVDs have gone up significantly feople between the age 25 and 69,
which means we are losing more ‘productive’ pedplehis disease (Organization,
2011; Shokeen & Aeri, 2015). The load of communieato non-communicable
disease is projected to get reversed in 2020 apa@d to its distribution in 1990.
This is primarily because large section of the pajpan has moved towards
unhealthy lifestyles with decreasing physical attjvincreasing stress levels,
increasing intake of saturated fats, consumptionobfacco and related products
(Jogsan, 2014; Shokeen & Aeri, 2015) which distuhgsfine balance between free

radicals and various endogenous antioxidants iarfaf/free radicals.

Over 300 risk factors alone or in combination hdeen associated with
CVDs like non-modifiable risk factors (advancing eagmale gender, family
history/genotype), metabolic risk factors (hypesien, hyperlipidemia, diabetes
mellitus, metabolic syndrome, obesity/overweightg, style (diet, smoking, physical
activity) and novel risk factors (elevated homoeyst level, elevated lipoprotein-A
level, small dense LDL-C, elevated inflammatory keas levels, elevated hemostatic
factors levels). Among these, lifestyle is modifealisk factor which can be improved

to prevent the further progression of CVDs (Aligskerns, 2012).
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Pathological conditions

Atherosclerosis:

The prolonged pathogenesis of atherosclerosismneked by endothelial cell
dysfunction, followed by depositioof lipid-laden macrophages and vascular smooth
muscle cell proliferation, leading tcclusion of the arterial lumen. Hypertension and
hyperlipidemia significantly contribute to the process of athelesitic plaque

formation (Singh et al., 2002).

Cardiac ischemia:

Cardaic ischemia is the cause of several risk factdich results into irreversible cell
damage. Atherosclerotic plague formation, clinisébations of angina, coronary
vasospasm, and balloon angioplasty are the redeomsyocardial ischemia, which
normally myocardium can tolerate up to 15 min buthwncrease in duration and
severity ischemia induces cardiomyocyte damage riRwez, Trayanova, & Noble,

2006).

These pathological conditions have always beenretadgto reduce deaths due to
CVDs by reducing the numerous pathophysiology aondhemical changes such as

oxidative stress, lipid peroxidation, hyperglycentigperlipidemia, etc.

Factors affecting cardiac output

Cardiac output is regulated by stroke volume aratthate. Preload (effect of
stretching), contractility and afterload are thetda involved in stroke volume
regulation. Preload regulates the blood volumeantricles, contractility defines the
strength of contraction at any given preload artdrialad prevents the opening of

semilunar valve by overcoming the right and lefbitvieular pressure. Thus, increase
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in afterload can deteriorates the normal bloodutation. Also, Heart rate plays an
important role in short term control of cardiac mutt and blood pressure.
Cardiovascular centre in medulla oblongata regsldtee heart rate by receiving
inputs from sensory receptors and from higher braenters. Propioceptor,

chemoreceptor, baroreceptor and sympathetic newamses a signal from change in
position of limbs and muscles; chemical changeloodb stretching in arteries and
veins and from cardiac accelerator nerve activfittaldrenergic receptor (AR) to
induce the necessary changes in heart rate. Theresewveral other factors like
hormones, ions, temperature, sex and age whicHategthe heart rate. Imbalance in
all these factors leads to trachycardia, bradyeamti hypertrophy (Tortora &

Derrickson, 2008).
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Figure 1.1: Schematic representation of factors imlved in progression of
cardiac disease.Flow chart represents the role of inflammation,dative stress,
RAAS activation and lifestyle in CVDs.

Clinical strategies and outcome

Coronary artery bypass grafting and percutaneousneoy intervention are
more often scrutinized for ischemia reperfusiorated abnormalities in the post-
operative recovery of the patient, showing the néadthe use of therapeutic
strategies to prevent the post-operative ischerBeveral therapeutic strategies
showed promising results in clinical studies and sbme clinical studies are in

progress to evident the therapeutic strategieapgpost-operative ischemia.
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1.2 REPORTS ON DIETARY FACTOR IMPROVING CVDs

Dietary factor play a key role in the developmemd anprovement of various
human diseases, including cardiovascular diseaswreT has been increasing
recognition that certain natural substances hatengial to reduce the detrimental
effect of cardiovascular risk factors. Epidemiotajistudies have shown that diet rich
in fruits (Jadeja et al., 2010; Lopera et al., 20b&rbs (Hsieh et al., 2014; Patel et al.,
2012; Thounaojam et al.,, 2011), spices (Padmanaldhdrince, 2006) or pure
compound from functional food (Rajadurai & Prin@)07) are associated with
reducing the risk of experimentally induced myodcardinfarction. Wherein,
improvement in plasma enzymatic and non-enzymatitodants, TBARS and
histopathology of cardiac tissue with regulatedelsvof HDL and LDL were
observed. Also, combinatorial use of traditionalirf@se herb (Cortex Moutan and
Radix Salviae) on isoproterenol induced myocardiédrction in rats reported the
enhancement of antioxidant defense system throatihating of Nrf2 signaling and
prevented apoptosis by regulation of Bax, Bcl-2 @adpase-3 activation (Li et al.,

2012).

The combinations of nutrient play synergistic rslemaintaining the healthy
lifespan of an individual. Studies with differenetiry patterns had evident that good
combination of diet will help to prevent the onsetprogression of several chronic
risk factors of CVDs (Alissa & Ferns, 2012; Flemiegal., 2013). Over the last 200
years, the “Western” diet has changed from beinghhin fiber, complex
carbohydrates and lean meats to being high in,caddgars, solid fats, fatty meats,
refined grains (Alissa & Ferns, 2012). This dietashift contributes to the

development of age-related chronic disease. Lagkowledge about healthy diet,
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continues to be a huge gap between current eattigrps of the public versus those
that are recommended. Even minor shifts from threeot diet to ones recommended

will provide additional cardioprotective benefith&n used in combination with drug

therapy.
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1.3 ANTHOCYANIN AND ITS PROPERTIES

Anthocyanin (from the Gree&nthos,a flower; andkyanos,dark blue) is well
known as the natural pigment and is responsibleh®blue, purple, violet, magenta,
red and orange colors in flower, leaf, stem, freged, and the root of plants ( Mazza
& Miniati, 1993; Delgado et al., 2000). In plantstlrocyanin play an important role

in pollination and protection from environmentakess.

History

Since 1664 vegetable pigments are under investiyats mentioned in the second
edition of ‘The Anthocyanin pigments of plantsin 1664, Robert Boyle had
mentioned only about changes in red and green emlplant pigments in acid and
alkaline solutions. Later on, in 1835 Marquat wiast fto coin the term anthocyanin
with a belief that anthocyanin is dehydration pratdof chlorophyll. While, in 1862
Wigand identified that the oxidation of colorlessnin-like chromogen lead to the
formation of anthocyanin. In 1849, Morot evidentled presence of carbon, hydrogen
and oxygen in the blue pigment from cornflower.Urmerstand the chemical process
involved in anthocyanin formation, Palladin in 19@ut forward a hypothesis that
anthocyanin is formed from a flavone by the actmnan oxidizing enzyme or
oxidase. Also, Willstatter (1913) published a wark chemistry of anthocyanin
wherein, it has been mentioned that all naturdi@mtanins are present in the form of
glucosides and its stability can be maintained thgiray neutral salts or acid to the
pigment solution. According to the Willstatter tipkenomenon of anthocyanin is due
to its quinonoid structure and tetravalent oxygehich forms stable purple oxonium
salt at neutral pH, red oxonium salt at acidic ptd &lue oxonium salt at alkaline pH

(Stafford, 1990).
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Structure

Anthocyanins are consist of an aglycone or anthaidya bound to one or more sugar
moieties at position-3 and in some, additional ssigaie present at positions-5 or 7.
The sugar moieties can be a mono or disaccharideivh the sugar molecules are
commonly glucose, rhamnose, galactose or arabidse, some anthocyanins are
acylated with a phenolic or aliphatic acid attachedthe sugar moieties. The
commonly occurring anthocyanidins in foodstuffs anganidin (Cy), delphinidin
(Dp), pelargonidin (Pg), peonidin (Pn), malvidin\yMand petunidin (Pt). Cyanidin,
delphinidin and pelargonidin are non-methylatechaayanidins and are widespread
in nature compared to the three methylated anthodiye viz. peonidon, malvidin

and petunidin.

10
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¢ Binding site of Sugar moiety: monosides or biosides or
diglucosodes

e One or more molecules of acyl acids (Sinapyl, p-coumaryl,
ferulyl) are esterified to the sugar molecule

Name (Abbreviation) R1 Ro Rs R4 Rs Rs Rz
Cyanidin (Cy) OH OH H OH OH OH H
Delphinidin (Dp) OH OH H OH OH OH OH
Pelargonidin (Pg) OH OH H OH H OH H
Peonidin (Pn) OH OH H OH | OMe | OH H
Petunidin (Pt) OH OH H OH | OMe | OH OH
Malvicin (Mv) OH OH H OH | OMe | OH | OMe

Figure 1.3: Chemical structure of anthocyanin. Arrow represents the binding s

of sugar moiety and acyl ac.

Sources

Natural source of anthocyanin inclis variety of colored fruits, vegetables, spi
and nuts. These includes berries, grapes, plunashps, pomegranate, red onion,
cabbage, egg plant, purple corn, purple sweet @otdick bean, pistachios and de
(Table 1.2)(Wu et al., 200¢. The concentration and type of anthocyanin prese

each fruit and vegetable vary considera

11



Chapter 1

In the U.S., the average daily intake of anthoaydras been estimated to be 215 mg
during the summer and 180 mg during the winter (ih 1976). The common
dietary sources include a variety of colored fraitsl vegetables as well as fruit based

processed foods and beverages like jelly, juicéesrad wine.

Figure 1.4: Different natural sources of anthocyam

12
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Table 1.2 List of different sources of anthocyaninRed color represents vegetable or fruit enrichet specific
group of anthocyanin

Anthocyanins with Different Sugar Moieties and Acyated or Nonacylated Groups in Common Foods
mg/100 g (of fresh weight or form consumed)
Acylation Sugar acylation
Food Non-acylated ACN acylated ACN ACN- . ACN-diglycosided ACN-triglycosides | Total ACN
monoglycosides
Fruits
Blackberry 231 + 56.4 (94%) 14.3 +13.9 (6%) 22891 (90%) | 25.5 +28.8 (10%, - 245 + 680
Blueberry 348 + 56.6 (96%) 16.4 + 8.9 (4%) 365 + 56.5 (100% - - 365 +56.5
Sweet cherry| 122 + 21.3 (100% - 7.6 + 3.0 (6%) 120.9 (94%) - 122 +21.3
Chokeberry 1480 (100%) - 1480 (100%) - - 1480
Cranberry | 140.0 +28.5 (1009 - 140.0 + 28.5 (104%) - - 14(01'801; /02)8'5
Black currant | 471 + 115.7 (99% 5.3 +6.7 (1%) H3.1 (24%) 363 + 83.8 (76% - 476 + 115.4
Elderberry 1375 (100%) - 742 (54%) 550 (40%) 82.6 (6%) 1375
Red Grape 20.8 + 7.1 (78%) 5.8 + 5.7 (22%) 26.091100%) - - 26.7 +10.9
Concord grapd 59.9 (50%) 60.2 (50%) 102 (85%) 1B5506) - 120
Black plum 124 + 21.4 (99%) 0.5+ 0.2 (1%) 96.7H5BL(78%) | 27.8 +4.1 (22%) - 124.5 + 21,6
Black raspberry 687 (100%) - 89.4 (13%) 440 (64%) 158 (23%) 687
Red raspberry] 92.1 +19.7 (1009 - 20.1+ 9.3 (22%) 47.8 + 9.4 (52%) 24.2 + 15.8 (26%) 92.1+197
Strawberry 21.0 + 3.4 (99%) 0.2 0.1 (1%) 19.6.2 ®3%) 1.6 0.4 (8%) - 21.1 +3.3
Vegetables
Black bean 44.5 (100%) - 36.1 (81%) 8.4 (19%) - 544.
Eggplant 85.7 (100%) - 0.6 (1%) 71.5 (83%) 13.6616 85.7
Red cabbage| 46.7 £7.3 (15%) 275 + 33.8 (85%) - T 322 + 40.8 (100%) 322+£40.8
Red leaf lettucg 2.1 +£1.5 (95%) 0.1 £0.1 (5%) 2.2+1.5(100% - - 2215
Red onion 11.0 (23%) 37.5 (77%) 33.6 (69%) 14.94B1 - 48.5
Red Raddish T 100.1 * 30.0 (100% - T 100.1 + 300D%) 100.1 + 30.4

13
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Use as a Food Colorant

Since the ban of FD&C Red Nos. 2 and 4 and Red4Ra(synthetic dyes),
natural pigments has gained an interest among omrsu Pigments from natural
sources are generally safe due to its health bWenafid display a wide range of
colors. Carotenoids from carrots, betalains froratb@nd anthocyanin from grapes,
red cabbage or any other fruits and vegetablesare of the natural colors used in

food industry (Sapers et al., 1981).

According to the numbering system used by thedex Alimentarius
Commissionanthocyanins are listed as natural colorant byEilm®pean Union (EU)
legislation as product E163. In the U.S., the FIPAdd and Drug Administration)
has a different list of natural colors that do remjuire certification, and anthocyanins

can be obtained either from fruit or vegetablegsi¢Espin et al., 2000).

During 1879, enocyanin from grape skin was usedadgral colorant in red
wine. Slowly natural colorant from other sourceeli&derberries, blueberries, cherry
plums, black currant, red raspberries and red sywettoes gained an interest. A
comparision between pigments from commercial blagky extract, enocyanin and
red sweet potato recorded stable pigments fromsveget potato than commercial
black berry extract and enocyanin (Imbert, 196d50AEspin et al., (2000) found
anthocyanin based food extract (black chokeberggksthorn and strawberry) to
have antioxidant capapcity, which was absent inmensial colorant ponceau 4R.
Hence, this suggests the use of natural coloreadsbf synthetic colors as food

colorant.

14
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pH and chemical composition of anthocyanin

In aqueous solution anthocyanin exist in equilibribbetween four species
depending on pH namely, red flavylium cation, blg@nonoidal base, colorless
carbinol pseudobase and the colorless chalconeuima, 1982; Brouillard &
Dubois, 1977).

Below pH 2, anthocyanin is present in red flavyligation form. Between pH
3-6, a rapid hydration of the flavylium ion at QpBsition leads to the formation of
colorless carbinol pseudobase which can further gmtverted into chalcone
pseudobase. At any pH, chalcone form is presenbvrer concentration than the
carbinol form. Also, the reversion of chalcone levylium cation upon acidification
is slower than reversion of carbinol pseudobasiéatgylium cation (Fossen, Cabrita,
& Andersen, 1998; Francis & Markakis, 1989). Atghlly acidic to neutral pH
deprotonation of the flavylium cation leads to fleemation of quinonoidal bases.
Further, between pH 6 and 7 deprotonation of theaqoidal bases takes place with
the formation of purplish resonance-stabilized qowid anions (Brouillard &
Dubois, 1977).
Effect of temperature on anthocynain

Anthocyanin undergo thermal degradation, discolonatand decline in
antioxidant activity at temperature higher than GO°Thermal degradation of
anthocyanin may lead to the formation of two enablpcts that is either aldehyde and
benzoic acid or chalcone and coumaric acid. Earipening of the pyrylium ring,
loss of the B-ring, chalcone formation and formatiof coumarin glucoside
derivatives was considered as the degradationa$tapthocyanin (Jackman & Smith,
1996; Markakis & Jurd, 1974; Markaris et al., 19F1faut et al., 1994; Tanchev &

loncheva, 1976). Later, Tanchev & loncheva, (19i&®)lated seven compounds

15



Chapter 1

following thermal degradation of anthocyanins aft®8among which quercetin,
phloroglucinaldehyde and protocatechuic acid welentified. In case of acylated
anthocyanins, acyl-glycoside moieties were firdit gff from the flavylium backbone
and finally ended up with phenolic acids and phitwoinaldehyde (Sadilova et al.,
2007).

Light induced deterioration of anthocyanin

Light is also a significant factor in acceleratiagthocyanin degradation.
Fluorescent light can initiate anthocyanin degratiaieven at lower temperature
(40°C). The degradation of anthocyanin by lightdais first order kinetics (Attoe &
Elbe, 1981). Photodegradation of anthocyanin pragewith the formation of
flavylium cationvia carbinol pseudobase to the chalcone (Maccarong,etl885),
also according to Furtado et al. (1993) direct pdegradation of flavylium cation
can occur. Acylated anthocyanins are less susdegbbdegradation by light (Giusti
& Wrolstad, 2003).

Other factors like oxygen, hydrogen peroxide, dsicaacid, and enzymes like
polyphenoloxidase and peroxidase are found to pglay role in anthocyanin
degradation. Anthocyanin with degraded productssofar like furfural and 5-
hydroxymethylfurfural greatly are also more susit#@tto pigment destruction

(Daravingas & Cain, 1968).

16
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1.4 HEALTH BENEFITS OF RED CABBAGE

Red cabbage (RC)B(assica oleraceavar. capitata f. rubra; family
Brassicaceae, order - Brassicales), is herbacéwmmial, dicotyledonous flowering
plant. Red cabbage is native to southern Europentwadays it is grown all over
Europe. This variety is plentiful year round, bastes the best when grown in cooler
climates. RC is one of those veggie super foodssgmting more vitamin C than an
orange (per serving), providing 61% of the dailyamin K needs and healthy
amounts of vitamin B5 (panthothenic acid), vitarB® (pyridoxine), and vitamin B1
(thiamin). RC is a fantastic source of antioxidapliyytochemical and contains a
plethora of minerals, including potassium, mangangsn, and magnesium. Among
phytochemicals RC was found to be enriched witth@ryanin specifically cyanidin
and delphinidin based, as found in our study anathgr groups. Anthocyanins are
having strong antioxidizing power of 150 flavonoi{dsapitsas et al., 2008; Arapitsas

& Turner, 2008; Shama et al., 2012).
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(Wiczkowski et al., 2013) - HPLC chromatogram of anthocyanin profile of red cabbage detected at 520
nm: cyanidin-3-diglucoside-5-glucoside (1), cyanidin-3-glucoside-5-glucoside (2), cyanidin-3-(sinapoyl)-
triglucoside-5-glucoside (3), cyanidin-3-(sinapoyl)-diglucoside-5-glucoside (4), cyanidin-3-(caffeoyl)(p-
coumaroyl)-diglucoside-5-glucoside (5), cyanidin-3-(feruloyl)- triglucoside-5-glucoside (6), cyanidin-3-
(sinapoyl)-triglucoside-5-glucoside  (7), cyanidin- 3-(feruloyl)(feruloyl)-triglucoside-5-glucoside  (8),
cyanidin-3-(feruloyl)-diglucoside-5- glucoside (9), cyanidin-3-(feruloyl)(sinapoyl)-triglucoside-5-glucoside
{10), cyanidin-3- (caffeoyl)-diglucoside-5-glucoside (11), cyanidin-3-{p-coumaroyl)-diglucoside-5-glucoside
(12), cyanidin-3-(caffeoyl){p-coumaroyl)-diglucoside-5-glucoside (13), cyanidin-3- (feruloyl)-diglucoside-5-
glucoside (14), cyanidin-3-(sinapoyl)-diglucoside-5-glucoside (15), cyanidin-3-(feruloyl)-glucoside-5-
glucoside (16), cyanidin-3-(sinapoyl)-glucoside- 5-glucoside (17), cyanidin-3-{feruloyl)({feruloyl)-
diglucoside-5-glucoside (18), cyanidin-3-{feruloyl){sinapoyl}-diglucoside-5-glucoside {(19), and cyanidin-3-
(sinapoyl){sinapoyl)-diglucoside-5-glucoside (20).

Figure 1.5: HPLC chromatogram profile of RC anthocyanin.

Phytochemical study

Harborne (1964) recorded that acylated groupsattaehed to sugar moieties
(sophorosides) and Tanchev & Timberlake (1969¥inoed the presence of sinapic
acid group in red cabbage anthocyanins using pefp@matography and thin layer
chromatography. Phytochemical screening of watereR€act (powder and juice)
recorded the presence of all phytochemicals (alfalglycoside, steroid, flavonoid,
saponin, tannin, terpenoid and phytosterol) whitene of these are absent in

methanolic and petroleum ether RC extract (Chawtaat., 2016; Cruz et al., 2016).
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Among the three cultivar of cabbage RC showed pieEsef more phenolics, vitamin

C and leutine compare to white and savoy cabbadgo, AHPLC analysis of red

cabbage cultivars viz. Koda, Haco POL and Kissemd&WE recorded nine

anthocyanins with different concentration and gitgbin all three cultivars. Haco

POL cultivar showed strongest antioxidant power amate stability among other

three cultivars (Pliszka et al., 2009).

Table 1.3: Antioxidant potential of different variety of cabbage

Vegetable Cultivar ABTS* DPPH* 0,

Red cabbage Kissendrup 12.6410.21 9.1910.74 2.80£0.02
Koda 9.81+0.74 6.76+0.46 2.73+0.09

Brussels sprouts Ajax 7.04£.015 5.98+0.21 2.60£0.05
Filemon 5.85+0.24 3.9040.23 2.31+0.14

White cabbage Almanag 1.81+0.12 1.00£0.04 4.35+0.21
Tikana 1.4610.03 0.7740.05 10.07£0.92
Vestri 1.34+0.07 0.90+0.07 7.40+0.35

Savoy cabbage Langedijker 3.7440.10 1.68+0.02 6.25+0.21
60F/100 2.89+0.06 1.38+0.02 5.55+0.11

The values are expressed as mean + SD, n23. (Podsedek et al., 2014)

HPLC analysis of RC showed cyanidin-3-diglucosidghicoside and

cyanidin-3-glucoside derivatives with various atgth (sinapic acid, coumaric acid

and ferulic acid) groups connected to the glucositediglucoside as major

anthocyanins (Figure 1.5). Als@hysico-chemical evaluation of RC showed the

presence of polar compounds (Shama et al., 2018) hmve good antioxidant

potential attributed to the presence of diacylatghidin then monoacylated cyanidin

(Wiczkowski et al., 2013). RC anthocyanins showiggh b andAmax in methanol than

buffered solution at pH 1 while between pH 3-@ecreases and again increases at pH

19
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7-8. Further, monoacylated and diacylated anthdogarecorded different physico-
chemical characteristics. Wherein, monoacylatedraocyanins had more tendency to
undergo degradation compare to diacylated anthaeyaas pH increases from 3-8,
while at pH 1 minimal degradation was observedoAlmonoacylated anthocyanins
showed different hue then diacylated anthocyantndifeerent pH range (pH: 1-8).
Thus, these observations throw a light on nutritisie of RC, its health promoting
factor and use as a food colorant. RC anthocyamiedound to be thermostable at
<80°C wherein, blanching and boiling resulted ilos of nutritional potential of RC
while steaming showed no significant changes (Molég al., 2008). Also, RC
anthocyanin showed less photodegradation quantyshl-&t and are colored at wide
range of pH (pH-3 Pink; pH-5 Violet; pH-7 Blue) thanthocyanin from grape skin,
black current and elder berry, thus can be a nlatdternative to synthetic hue and
relatively cheap source of pigment (Bridle & Timlade, 1997; Giusti & Wrolstad,
2003; McDougall et al., 2007). According to the daiglia and team, RC is more
preferable then berries due to its higher yieldrergiable acylated anthocyanins and
color. Also fertilizers have little or no effect oshaping the composition of

anthocyanin (Piccaglia et al., 2002).

Bioavailibility of anthocyanin from RC

Not all nutrients taken by us are readily absorbeditilized by our body in
same form; hence bioavailability study will providsk, safety and metabolic fates of
nutrients. Structure of anthocyanin plays an imgdrtrole in bioavailability and
further intracellular activity. The number and angation of phenyl groups,
availability of electron donating, electron withdiag groups and positive charge on
ring are responsible for preventing the formatiénntracellular highly reactive free

radicals and further oxidative stress. Yi et aDQ6) had observed that anthocyanin
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with more hydroxyl groups and less O€group have less bioavailability. Also,
anthocyanin with glucose moiety showed more trarisgificiency then anthocyanin
with galactose moiety, thus sugar moiety attacloednthocyanin play a mechanistic

role in transportation across the cell and regohedif intracellular homeostasis.

HPLC analysis of plasma and urine; vitro gastrointestinal digestion and
incubation with human microflora gave an informatiegarding bioavailability of
anthocyanin rich RC extract. Bioavailability remoron human subjected to RC
anthocyanin recorded 3 nonacetylated, 8 acetyl@eglucourinated and methylated
anthocyanin in urine samples after 24 h consumptioRC (Charron et al., 2007;
Kolodziejczyk et al., 2011; McDougall et al., 200Bimilarly, Wiczkowski et al.
(2016) also studied the bioavailability of anthaayafrom fresh RC and fermented
RC on human subjects. This comparison recordediriti@l easy absorption of
anthocyanin from fermented RC then fresh RC dusofo matrix of fermented RC.
However, Gax Of fresh RC anthocyanin (86.39 + 3.51) was moenthnthocyanin
from fermented RC (64.02 + 4.87) in plasma. DPP$hgsand trolox assay of plasma
recorded the highest antioxidant power at 2 h aftrisumption of RC. Where,
anthocyanins from fresh RC showed more antioxigawer than fermented RC.
Thus, both studies clearly depicts that some aytions are absorbed in native form
and some are converted into metabolites (methylajedourinated and sufated).
Interestingly, n vitro gastrointestinal digestion assay showed increasdofial
phenolic content during digestion with decreaseamthocyanin concentration and
antioxidant capacity after pancreatic-bile digesti®®odgdek et al., 2014). Also,
incubation with human fecal microflora caused fartecline in anthocyanin content.

Thus, intact anthocyanin in gastric and productghefr decomposition in small and
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large intestine may be responsible for the ant@xidactivity and other physiological
effects after consumption of RC.

Toxicity evaluation

Toxicokinetic study provides information regardingk and safety related to
test compounds. Swiss albino mice administered With extract (1000 mg/kg and
2000 mg/kg body weight) for 28 days recorded noeesk effect on physiology and
metabolic fates. While, mice fed with RC extradd@ mg/kg body weight) showed
decrease in food intake, body weight gain, RBC taamd hemoglobin content.
However, mice administered with single dose of R@aet (1000 mg/kg, 2000
mg/kg, 3000 mg/kg, 4000 mg/kg and 5000 mg/kg boayght) were live and no
adverse behavioral changes were observed. Hertas ibeen extrapolation from this
data that consumption of 4041 gm RC by 65 kg humasafe and devoid of side

effects as per NOAEL (Thounaojam et al., 2011).

Antibacterial and antifungal activity

30 KDa protein isolated from red cabbage seed stioamtifungal and
antibacterial. Protein inhibited mycelia growth Mycosphaerella arachidicold5
M), Setospaeria turcigaBipolaris maydisandCandida albicangrowth (96 uM) at
different concentrations. Also, 53 pM of isolatedotein was potent against
Pseudomonas aeruginogmly; among other gram positive and one gram magat
bacteria Bacillus cereus, B. megaterium, B. subtilis, Preteuulgaris, and

Mycobacterium phlei respectivglgye et al., 2011).
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Antioxidant and free radical scavenging activity

Anthocyanin is well known for its antioxidant prapeand this counterpart
has been well studied also with anthocyanin from. B€veral studies had been
proposed taking this into consideration in ordeiséek an answer the mechanistic
approach of RC anthocyanins against pathologicaatdies. These studies evidenced
that beside its antioxidant property it can alsoreéase the intracellular antioxidants
and regulate the intracellular homeostasis. A studith ROS induced
hyperthyroidism had evidenced thanthocyanin rich RC extract is potent in
regulating the hyperthyroidism condition by inciegsthe levels of intracellular
antioxidants capacity, thyroid stimulating hormom@d reducing the level of
thyroxine, triiodothyronine and malonaldehyde irruse (Majeed & Al-Azzawie,
2012). Similarly, a study with paraquat which isolam for the production of highly
reactive superoxides and hydrogen peroxide throungtacellular redox cycling
reaction, evidenced the protective role of acylasethocyanin from RC against
paraquat induced liver pathogenesis and cholesteetdbolism. Wherein, increase in
liver mitochondrial antioxidants (superoxide disasé and catalase) with improved
food uptake, serum cholesterol level, lung andrliveight were recorded (lgarashi et

al., 2000).

Cardio protective potential

Increase in death burden due to cardiovasculataskse (CVDs) tends the
research fraternity towards finding more healthywaimprove the condition instead
of harmful side effects of CVD drugs. Several stsdhave been performed with
natural compounds and factors causing CVDs to ojpenew way to treat or prevent

and reduce the burden of deaths due to C\Adghocyanin rich red cabbage extract
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(ARCE) showed cardioprotection againsiCd and High fat diet induced damage.
Wherein, ARCE was found potent to reduce oxidasitress in H9c2 cells (Devkar et
al., 2012). Also, high fat diet/atherogenic dietdmaed reduction in intracellular
antioxidant status, increase in lipid peroxidatimmd further cardiac damage was
improved by supplementation of ARCE (100 mg/kg bodgight) along with

atherogenic diet (Sankhari et al., 2012).

Nephro protective activity and Anti-diabetic activity

Nephropathy is condition usually found in case ddbdtic patients, due to
overproduction of ROS. A study hypothesized basethe antioxidative property of
anthocyanin evidenced that RC extract not only leggd hyperglycemic condition
but also prevented nephropathy. Wherein, daily iogéstion of 1 g/Kg of RC extract
for 60 days reduced blood glucose level and loswerght gain of streptozotocin
(STZ)-diabetic rats. Whereas, untreated STZ-dialkrtis showed increase in weight
loss and blood glucose level. Also, increase im&ydweight; increase in urea and
creatinine content in serum and decrease in rartaxadant status was restored by

giving pretreatment of RC extract to STZ-diabetitsr(Kataya & Hamza, 2008).

Anti-inflammatory and Analgesic Activity

Different bioactive components of red cabbage sldodiéferential immune-
modulatory properties. Lin & Li (2010) had showntlieir previous investigation that
extract rich in phenolics and flavonoids increadd® (anti-inflammatory cytokine)
and decreases IL6 (pro-inflammatory cytokine), wttthe protein rich red cabbage
extract resulted increase in IL20 (anti-inflammatoytokine) and decrease in TNF-
with no significant change in LPS induced IL6 s&ore Also, ethanolic extract of

RC showed improvement in dextran sulfate sodium SP&nd trinitrobenzene
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sulfonic acid (TNBS) model of inflammatory disordéar gastrointestinal tract
(Zielinska et al., 2015). Wherein, ethanolic RC extracs watent in improving the
acute TNBS model of colitis completely by reducinffammatory markers (ILf1
and TNFe), immune cell infiltration, ulcer score, MPO adtyy colon length and
colon thickness; while in chronic TNBS model etHanBC extract was not potent to
improve the colon thickness; and in DSS model tty amproved the ulcer score,
immune cell infiltration and myeloperoxidase adiviHence, this study represents
the potent anti-inflammatory activity not antioxidaactivity of ethanolic RC extract

in improving the condition of inflammatory diseaseuse model.

Red cabbage showed more inhibitory activity aga@®X-1 and less inhibitory
activity against COX-2 than purple carrot (richmonoacylated anthocyanins) and
standard cyanidin 8-coumaroyl-sambubioside-BGglucoside. Wherein, the
inhibitory activity against COX-2 is due to the ianflammatory or antitumoregenic
effect of an extract and specifically attributechtonoacylated anthocyanins as purple
carrot is rich in monoacylated anthocyanins (Mizgtal., 2016). Also, Mizgier et al.
(2016) have mentioned about synergistic or antagierapproach of anthocyanin and
phenolic acid found in extract and standard antaoity used by them showed less

inhibitory activity then extract.

Anticancer activity

2-amino-1-methyl-6-phenylimidazo (4,5-b) pyridinBHiP) is carcinogenic
agent usually found in cooked food like meat andkdn; PHIP formation depends
on duration and temperature of cooking. 1,2-Dimketiydrazine (DMH), is a well
known carcinogenic agent to induce colon canceenaiven with PHiP influenced

the carcinogenesis. After giving DMH to rats follesv by RC color with PHIP
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showed preventive effect of RC color against thecinagenesis with Decrease in
hyperplasia and adenocarcinoma. Also, Hagiwarataadh recorded that RC color
reduced the formation of aberrant crypt foci in caton induced by PHIP alone.
Hence, RC color was potent in reducing carcinogenaeduced by alone PHIP or by

combination of DMH and PHIiP (Hagiwara et al., 2002)

Chemo protective activity

Later on, a study with RC extract and IrinotecaPT€L1l) evidenced that
anthocyanin rich RC extract can provide health fiEnagainst mucositis (a loss of
mucus producing goblet cells) which is main sideaffound during chemotheraphy
of colorectal cancer. CPT-11 is widely used tottleag, gastric, cervical, ovarian
cancer and recommended as first and second lingpyréor colon cancer. In addition
to anticancer activity, CPT-11 has high prevaleocgut toxicity with less effective
therapeutic available against it. Anthocyanin i@ extract (50 and 100 mg/kg for 7
days) not only prevented the loss of goblet celid diarrhea; also reversed the
adverse effect of CPT-11 on autophagosomes in dependent manner. Wherein,
anthocyanin rich RC extract also preserved heightilb, epithelial cell surfaces,
intestinal tight junction (ZO-1) and transepithklielectric resistance in small
intestine, colon and Caco2 cells more efficienthart loperamide which is well

known medicine to cure only symptoms not the cadigskarrhea (Tong et al., 2017).

RC extract or RC seed protein showed anticancevitgcton cervix
adenocarcinoma (HelLa), hepatocellular carcinomap@2 and nasopharyngeal
cancer (NE-1) (Hafidh et al., 2013; Ye et al., 20HC extract induced cytotoxicity
in HeLa and HepG2 cells (23.38 and 28.66 mg/ml eetsypely) at very low

concentration compare to human peripheral bloodanodear cells (normal cells;
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251.28 mg/ml), while protein from RC seed supprddbe proliferation of NE-1 and
HepG2 at 50 and 90 uM after 48 h. RC extract indut&Fo expression in a dose
dependent manner, also increased apoptotic indexdose dependent manner and
time dependent manner at particular dose with maximapoptosis at 48h. However,
cell cycle analysis showed that RC treatment inceartells induces apoptosis by
increasing the cyclin-cdk inhibitors (P27 at 1221 and P53 at 16 h) and decreasing
the levels of cyclin D and E only after 16h witHl@ycle arrest at 16 h. Also increase
in bax/bcl-2 ratio (16 h), caspase 9 (12 h) ancdass 7 (16 h in HeLa; 12 h in
HepG2) shows the differential anticancer activiy RC extract may be due to

presence of other phenolic components in crudeeixtr

Since long time, sulforaphane is a known for itsticamcer activity.
Sulforaphane is present in crucifer vegetables clmip, brussels sprout, green
cabbage, red cabbage, Chinese kale and turnipn@these vegetables sulfarophane
was found in less concentration from red cabbaged lade. Thus, red cabbage
recorded only 27% of cytotoxicity against A549 délarag & Motaal, 2010). While
sulfarophane extracted from red cabbage showedaaer activity against human
epithelial carcinoma cell line HEp-2 at 58.96 pg/odncentration and crude RC
extract showed anticancer activity at 113 pg/mMiBe Thangam, 2012). Hence, this

records the importance of sulfarophane presergdrcabbage as an anticancer agent.
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1.5 RATIONALE OF THE STUDY

There are series of studies showing protectivenpiaieof RC extract against several
risk factors. Also, Protein from RC seed was foundhave antibacterial and
antifungal activity as described in this chapten &ddition, potential of
hydromethanolic RC extract against hypercholest@aowvas observed by our team.
After the discovery of SOD in 1969, exponentialwgtio in free radical research has
been observed. Reports over last several yearsdtwen the role of oxidative stress
in progression of CVDs, as diverse as heart failis&hemia reperfusion, endothelial
dysfunction, hypertension, and atherosclerosisatiment with antioxidants or with
natural source of antioxidant or with superoxidenaitase has been shown to be
effective in reducing markers of oxidative stresd anproving functional parameters
such as intracellular antioxidant status, relaxatid endothelium and prevention of
LV remodeling. HO, and isoproterenol (ISO) induced oxidative stressdeh is
widely used to study the role of free radicals athpgenesis of CVDs. Hence, this
study was designed to determine the role of antimoyrich red cabbage extract
(ARCE) pretreatment in improving intracellular harstasis and preventing cellular

damage in presence of oxidative stressors.
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1.6 HYPOTHESIS OF THE STUDY

Brassica oleracea L.
var. capitate f. rubra

H,0,
100 uM

@ Methanolic

@ extraction @ or24h

Cell viability
| niiigsisiiciion I Intracellular enzymatic antioxidants
Potential of ARCE ??? M Intracellular ROS
l Myocardial injury and apoptosis

Pretreatment with ARCE

' —_—
w . for28 days

Anthocyanin rich cabbage
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Figure 1.6: Schematic representation of proposed Ippthesis.Present study was
focused on the role of ARCE pretreatment in modudgthe intracellular homeostasis

of cardiomyocytes and preventing cellular damager@sence of oxidative stressors.

Based upon the proposed hypothesis following aredtobjectives for this study:

1. Profiling of
anthocyanins present in
red cabbage extract.

A 4
= e i ] \
2. Deciphering the Y ‘ e
mechanism of ARCE / — . 3.Ev aluatmg‘ the effects
o T Anduced | yjectives of the ; _ of AR(JElon
2o \ isoproterenol induced

. resent stud) /
damage in H9¢2 presen ¥ ocardial infarcti
cardiomyocytes. myocardial infarction.
\ LA / { )
L / A

4. Deciphering the
interaction between
anthocyanin and beta-
adrenergic receptor using
Insilco molecular docking
approach. /
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1.7 SIGNIFICANCE OF THIS STUDY

This study will provide an impact on role of digtaitavonoids in regulating the
intracellular homeostasis and protecting cells frtme forthcoming free radical
stressors. This study will be helpful to pharmaustdy and food industry to involve
anthocyanin for health benefits. In addition, efiation of B1AR and anthocyanin
interaction can be helpful to understand the mesharof anthocyanin mediated

prevention of myocardial infarction (Ml).
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