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Anthocyanin rich extract from Red cabbage

(Brassica oleracea) reduces oxidative stress and

prevents apoptosis in stressed rat cardiomyocytes.
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WHAT'S KILLING INDIANS

Heart diseases are the leading cause of death in India, as it is the case in most other countries. But unlike the rest of the world, respiratory diseases are the second biggest killer in the country,
which is home to some of the most polluted cities in the world, according to recent reports. The health and family welfare ministry has projected that India will have more than 60 million people
with coronary heart diseases by 2015, and 40 million people suffering from diabetes. Meanwhile, a recent report revealed that India has emerged as the world's largest consumer of antibiotics.
The use of antibiotics in India grew 62% between 2000 and 2010. Mint reviews the top 10 killer diseases in India, and the drugs most consumed by Indians.

TOP 10 KILLER DISEASES (OVERALL)

Estimated deaths per 100,000 people

Data complled by Nikita Mehta/Mint
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Anthocyanins and Healsh ke g
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Anthocyanins are a class of pigments that occur naturally in plants. Anthocyanins are responsible ¥ S 7 j SRS e aer e,
for the rich colors in red and purple berries, purple corn, red grapes, eggplant, blood oranges and

other red, purple or violet plants. % 5 - J— ‘
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2 Recommended Dietary ' PR Eagplant  Purple Asparagus
( All RDA Id Anthocyanins are strongly suggested : e iy
owances (RDA) wou by a number of studies to improve A
be 12.5 grams every day‘. sharpness of vision. It has even been suggested )c
by researchers that they may help reduce the
risk of cataracts and macular degeneration.
Health Benefits:

Laboratory evidence has suggested that they
may be beneficial against:

B cancer

& inflammation

B heart disease

& diabetes

B bacterial infections

& age-related neurodegenerative disease
B other neurological diseases

Purple Cabbage

® Anthocyanin-rich mixtures and extracts were used in old times to treat
—=| many conditions including

& hypertension & diarrhoea & urinary tract infections 10
@ liverdisorders € urinaryproblems €@ colds \ HACK RASPRERRY
@ dysentery & kidney stones @ flu ' Vi
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....... Anthocyanins.....not only have
Imperative role In plants but are
extensively researched for their
protective role against a myriad of
human diseases.
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+ Journal home Natore 135, 722-736 (04 May 1935) | doir10,1088/125732a0

+ Advance online Chemistry of the Anthocyanins

publication
+ Current issue R. ROBINSOMN
+ Nature News THE clazsical paper of Willstatter and Everest {1913),, on the isolation « Top
of the pigment of blue cornflowers, heralded a dramatic transformation of
MALELIEE the state of our knowledge of the blue and red colouring matters of flowers
+ Supplements and blossoms, and the present position is that we not only know the

molecular structure of the more important and widespread anthocvanins.
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+ Advance online Formation of Anthocyanins in Plants
publication

+ Current issue R. Robinson

+ Mature News DISTINCT lines of investigation converge on the problem of the « Top
. formation of antho-cyanins in plants, our information being derived from

studies in plant physiology, in genetics and in the organic chemistry of the

+ Supplements pigments and related members of the flavan group. Anthocyanins are

frequently produced when photo-synthetic activity at the site of eventual
* Web focuses pigmentation is diminished through seasonal changes or various kinds of
+ Podcasts injuries to the plant {mechanical, fungus diseases, &tc.). Under such

conditions, carbohydrates and other synthetic products tend to accumulate
+ Videos as the result of interference with the translocation currents. Abundant
nutriment favours anthocyanin formation, which can, in many cases, be

* News Specials accelerated by artificial feeding with sugars.



nature

biotechnology

Letter

Nature Blotechnology 26, 1301 - 1308 (2008)
Published online: 26 October 2008 | doi:10.1038/nbt.1506

Enrichment of tomato fruit with health-
promoting anthocyanins by expression of
select transcription factors

Eugenio Butelli®, Lucilla TittaZ, Marco GiorgioZ, Hans-Peter Mock3,
Andrea Matross, Silke Peterek?, Elio G W M Schijlens, Robert D Hall2,
Arnaud G Bovyd, Jie Luo? & Cathie Martin®

Dietary consumption of anthocyanins, a class of pigments
produced by higher plants, has been associated with protection
against a broad range of human diseases. However, anthocyanin
levels in the most commonly eaten fruits and vegetables may be
inadequate to confer optimal benefits. When we expressed two
transcription factors from snapdragon in tomato, the fruit of the
plants accumulated anthocyanins at levels substantially higher
than previously reported for efforts to engineer anthocyanin
accumulation in tomato and at concentrations comparable to the
anthocyanin levels found in blackberries and blueberries.
Expression of the two transgenes enhanced the hydrophilic
antioxidant capacity of tomato fruit threefold and resulted in fruit
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A Meta-Analysis of Epidemiologic Studies

Chang Hui', Xie Qi', Zhang Qianyong', Peng Xiaoli?, Zhu Jundong'*, Mi Mantian'*
1 Research Center for Nutrition and Food Safety, Third Military Medical University, Chongging Key Laboratory of Mutrition and Food Safety, Chongging, China,

2 Department of Pub™ ~* **

Abstract

Background
epidemiolog
between flay

iver\l
risk of breas

Design: We
1% 2012, usi
or random-e

Results: Twe
studies, and
categories o
intake of flay
low intake ¢
flavanones [
(summary RI
control stud
significant re

Conclusions
flavonoids, it

Citation: Hui C, G
Studies. PLo% OME

OPEN @AccEss Freely available online

@ PLOS | one

Anthocyanin-Rich Purple Corn Extract Inhibit Diabetes-
Associated Glomerular Angiogenesis
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Blueberry and Mulberry Juice Prevent Obesity
Development in C57BL/6 Mice

Hangzhou, Zhejiang, China
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rich fruit juice, may help counteract obesity.

leptin were assessed.

Citation: Kang M-K, Lim
OME 811} e79E23. dok1

Editar: David Long, UCI

insulin, attenuated lipid accumulation and decreased the leptin secretin.
Received June 14, 201

Conclusion: These results indicate that blusberry and mulberry juice may help counteract obesity.

Objectives: To establish whether blueberry (Vaccinium ashei) and mulberry {Morus australis Poir) juice, anthocyanin

Design: And Methods: Four-week-old C5TBL/G mice were fed a high-fat diet (HFD) with or without blueberry and
mulberry juice for 12 weeks. Body weight, serum and hepatic lipids, liver and adipose tissues morphology, insulin and

Results: Mice fed HFD exhibited increased body weight, insulin resistance, serum and hepatic lipids. In comparison,
blusberry and mulberry juice inhibited body weight gain, decreased the serum cholesterol, reduced the resistance to
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BREAKING NOW: = CENSORED: Total hlackout of Fukushima truth by U.5. media; sailors suffer and die while denial rages an...

Red Cabbage Found to Contain 36 Anti-Cancer
Anthocyanins

Plantae
Angiosperms
Eudicots

Tuesday, October 14, 2008 by David Gutierrez, staff writer
Tags: red cabbage, health news, Natural News

ANTHOCYANIN RICH
RED CABBAGE (Brassica

oleracea) extract
(ARCE)
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Long-term consumption
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Preparation and characterization of ARCE

" Cytotoxicity Assay

\ Cardioprotective potential of ARCE

i Studies with stressed rat cardiomyocytes




Anthocyanin Rich red Cabbage Extract (ARCE)

e Shredded and dried at 50 deg.

e Extraction with Methanol: Water : HCL (50:50:1)
solvent system

e Evaporated till dryness in
rotatory evaporator at 40C

4 )
ANTHOCYANIN

RICH RED
CABBAGE EXTRACT
(ARCE)
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All rads @ 520 nm

wh b

A. TLC chromatogram of Anthocyanin rich extract of Red Cabbage.

B. 3D densitogram of HPTLC measured at 530 nm in CAMAG Linomat5.
First three lanes are of extract dissolved in methanol and remaining
three lanes are of extract dissolved in acidified methanol.




Voltage

HPLC fingerprinting of ARCE.
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HPLC fingerprinting of ARCE.

— CAMAHENDRA\RED CABBAGE FINGERPRINT 520
o

Concentration of monomeric anthocyanin in ARCE

considering molar extinction coefficient of Cyanidin -3,5-

diglucoside was 86.375 + 3.13
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Anthocyanins present in functional foods is member of flavonoid family are
glycosylated poly-hydroxyl and poly-methoxy derivatives of flavinium salts.

The anti-oxidant property of anthocyanin is particularly from the hydroxyl moieties of
the c-ring.

Natural electron deficiency of anthocyanins makes it reactive towards oxygen radicals.

Selected anthocyanidins and their substitutions
Basic structure Anthocyanidin Ry Ry Ry | R;  Rs Rg = Ry

ALrantinidin -H —-OH —-H -OH| -0OH | -OH | -0OH
Cyanidin -OH | -OH —-H —-OH | -0OH -H —H
Crelphinidin -OoH | -OH -OH | -0OH] -OH -H —JH

Eurapinidin ~0OCH, -OH -0OH | -0OH ~OCH, -H —-2JH

Felargonidin -H —-2H -H -oH | -0OH -H —-2H
Fdalidin ~OCH, -JH ~0CH, -0R | -0H -H -JH
Feonidin ~0OCH, -JH -H -0R | -0OH -H -JH
Fetunidin -OH | -0OH ~OCH, -0OH | -0OH -H -JH
Fosinidin ~0OCH, -JH -H -0H | -0H -H ~0OCH,



Acute oral toxicity in mice

Limit test procedure as per the OECD test guidelines. Experimental protocol
was executed according to CPCSEA India guidelines and approved by the animal
ethical committee of the Department of Zoology, The M.S. University of Baroda,
Vadodara (Approval No.827/ac/04/CPCSEA)

*Thirty two Swiss albino mice of either sex were divided into four
groups (n=8) and were orally administered with a single dose of
1000, 2000, 3000, 4000 or 5000 mg/kg body weight of ARCE
extract.

*Animals were observed for possible behavioral changes such as

» Tremors

» Convulsions

> Sleep

» Altered feeding

» Salivation

» Diarrhoea till 72 hr post treatment

18



Acute toxicity studies

*No mortality was recorded In acute toxicity study
with ARCE extract up to a dose of 5000mg/kg
body weight till 72 h.

No abnormalities in behavior could be monitored
on extract administration .

19



Sub chronic oral toxicity In mice

*The sub chronic oral toxicity study was conducted according to OECD Test 407
(OECD, 1995). Experimental protocol was executed according to CPCSEA India
guidelines and approved by the animal ethical committee of the Department of
Zoology, The M.S. University of Baroda, VVadodara (Approval
No0.827/ac/04/CPCSEA)

*Thirty two Swiss albino mice of either sex were divided into four
groups (n=8) and maintained for 28 days for this experiment.

*Group | was orally fed with carboxy methyl cellulose (CMC; 0.5 %)
that served as control whereas, Groups 2, 3 and 4 were orally
administered with 1000, 2000 and 3000 mg/kg of ARCE extract

respectively.

«After 28 days of treatment, blood was collected from overnight
fasted mice. 20



LD., of ARCE extract

Since no mortality was recorded even after administration of
5000mg/kg of ARCE extract the LD., of ARCE extract could
not be established.

*The present observations indicates that, the LD, of ARCE
extract is likely to be higher than 5000mg/kg BW.

21



Subchronic administration of ARCE in Swiss albino mice and plasma metabolic
Indices
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Subchronic (28 days) administration of ARCE on plasma markers of cardiac and
renal function in Swiss albino mice.

Markers of Cardiac Damage
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Subchronic administration of ARCE on plasma indices of hepatic function in Swiss

albino mice.
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mifday

Food intake
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Results are expressed as Mean £ S.E.M for n=8. *p<0.05
compared to CON.
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Photomicrographs of Heart,
liver and kidney of control (1)
and 1000, 2000 and 3000mg/kg
ARCE treated mice (2, 3, 4)




* Significant reduction in bodyweight gain, food intake, red blood

cell count and hemoglobin content along with higher alkaline
phosphatase, billirubin and urea levels were observed in mice treated

with 3000 mg/kg bodyweight after 28 days.

*NOAEL of the ARCE extract was found to be 2000mg/kg BW.
Hence, consumption of ARCE extract for various medicinal purposes

Is safe.
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.si  Safety Evaluations on Ethanolic Extract of Red g
cell  Cabbage (Brassica oleracea L.) in Mice

p h O Menaka C. Thounaogam, Ravirajsinh N. Jadeja, Jayanta M. Sankhan, Ranjitsinh V. Devkar, and AV. Ramachandran
witl

ated

Abstract The present study has carmed out safety evaluations on an cthanolic extract of red cabbage (RC) Jeaves

in terms of acute and subchronic oral toxiaty tests as per Ongamsation for Economic Cooperation and Develop-

ment (OECD) guidehnes in Swas albino mice. Single-dose administration of RC extract (1000, 2000, 3000, 4000, or
oS“’ 5000 mg/kg body waight) to Swass dbmo mice did not mamifest toxiaaty or any sgmificant adverse behavioral aterations.

Chronic adminsstration of RC extract (1000, 2000, and 3000 mg/kg body waght) for 28 d ako did not regaster any
bod significant alterations in fluid intake, organ weights, plasma lipid profile, plasma creatine kinase-MB, actate dchydroge- (]
nasc, aspartate tranaminase, Alanine transaminase, creatimine, clectrolytes, and calaum levels, and the total blood count
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and hemoglobin content along with higher alkaline phosphatase, bilirubin, and urea levels was observed in mice treated
with 3000 mg/kg body weight for 28 d. Since there was no mortality up to 2 dose of 5000 mg/kg body waghe, 50%
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Assessment of anti-atherosclerotic and
cardioprotective potentials

*Male Sprague Dawley rats weighing 300 + 20 (Obtained from
Sun pharmaceutical advanced research centre, Vadodara, India .

*Experimental protocol was executed according to CPCSEA India
guidelines and approved by the animal ethical committee of the
Department of Zoology, The M.S. University of Baroda, Vadodara
(Approval No.827/ac/04/CPCSEA)
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A total of thirty two rats were divided into 4 groups of 8
animals each.

*Group | served as control (CON) and was fed with standard

laboratory chow and orally administered with 0.5 % CMC for 8
weeks.

*Group Il (ATH)
as per Cail et al., 2005 — Briefly, Vit D3 + HCD.

*Group Il (ATH+ARCE) was orally administered with 100 mg/kg

while, group 1l received equal volume of vehicle (0.5% carboxy
methyl cellulose).

30



Plasma lipid profile
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Thoracic aorta of control, ATH, ATH+ARCE rats stained with HXE.

CON ATH

ATH+ARCE
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Thoracic aorta of control, ATH, ATH+ARCE stained with von kossa

CON ATH
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Thoracic aorta of control, ATH, ATH+ARCE stained with Weigert’s stain.

CON ATH

ATH+ARCE
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Photomicrographs of heart of control (A), HCD (B) and
HCD+ARCE (C) rats stained with hematoxyline and eosin
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ARCE supplementation resulted in significant prevention of
atheromatous plague formation, calcium deposition and
elastin derangements.

ARCE was able to prevent HCD induced depletion in the
cardiac antioxidants and related damages.

Possibly high content of cyanidin class of anthocyanins eg.
cyanidin-3-glucoside.
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Racoivad: 5 April 2011 Rawisoct 1 Bagest 3011 Koropitad: 24 Ociober 2011 Publishid oniline i Wiy Oniling Library: & lanuany 2012

a-th e (wileyonlinelibrary.com) DO 10.1002/)5f3.5532

elast Anthocyanin-rich red cabbage (Brassica

oleracea L.) extract attenuates cardiac
*Thé¢ and hepatic oxidative stress in rats fed
ATF an atherogenic diet

el | M Jayanta M Sankhari, Menaka C Thounaojam, Ravirajsinh N Jadeja,
Ranjitsinh V Devkar* and A V Ramachandran

Abstract

BACKGROUND: (rddative stress induced by reactive oxygen spedes plays an important role in the aeticlogy of several
diseases inchuding atherosderosis and coronary heart disease. Anthocyanin-rich extracts have been shown to possess a
wariety of therapeutic roles, induding antiocddant, ardioprotective and hepatoprotective properties. The present inventory
was undertaken to evaluate the protective role of anthocyanin-rich red cabbage extract (ARCE) on an atherogenic [ATH)
diet-induced hyperdhol esterol semia and related cardiac and, hepatic oxidative stress in rats.

RESULTS: ARCE {100 mg kg body weight) treatment of rats fed the ATH diet significantly prevented elevation in seram and
tissue lipids, circulating levels of cardiac and hepatic damage markers, and resulted in excretion of lipids through faeces.
Also, the ARCE extract significantly attenuated alierations in the cardiac and hepatic antioxidants and lipid peroxidation, and
histopathodogical changes in cardiac and hepatic tissue.

COMCLUSION: Thus, the present study provides the first scientific evidence for a protedtive role of ARCE against ATH diet-induced
hypercholesterolaemia and cardiac and hepatic oxddative stress.
() 2012 Society of Chemical iIndustry

Eeywords: Srassica oleraced L; hypercholesteclaemila; oxldative stress; histopathology
__________________________________________________________________________________________________________________________________|
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Anthocyanin rich Red Cabbage
extract
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Cav-3, the muscle-specific isoform, mediates interactions with cytoskeletal elements and is
responsible for caveolae formation in cardiac cells.

Cardiac Cav-3 expression has been reported to decrease in cases of myocardial infarction,
cardiac hypertrophy, heart failure, and chronic hypoxia .
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In @ Nutshell

*Functional foods draw considerable interest due to their
effectiveness against a myriad of human diseases and hence,
anthocyanins and their therapeutic potentials continue to fascinate
the research fraternity.

Hence, novel sources of anthocyanins are subjected to scientific
scrutiny through innovative research models and protocols to seek
answers pertaining to their therapeutic targets in metabolic

pathways.









