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Abstract

Garlic (Allium sativum L.) has been used as a medicinal food for preventing disease and promoting heath.
But consuming garlic to attain its therapeutic efficacy also has limitation because of the pungent smell
and indigestion. Aged Garlic Extract (AGE) is a derivative of garlic prepared by aging the garlic cloves
for twenty months. Aging of garlic converts reactive organosulfur compounds into stable compounds like
S-allyl cysteine (SAC), Diallyl disulfide (DADS), S-allyl mercapto cysteine (SAMC) etc. Newly formed
allyl compound believe to have exceptional therapeutic benefit as of the raw garlic, present study was
designed to perform a comparison between antioxidant and cardioprotective potential of raw garlic and
aged garlic extract. Phytochemical screening for raw and aged garlic extract was determined by
qualitative methods. For antioxidative activity; DPPH, ABTS, Nitric oxide, Hydrogen peroxide activity
was tested. Further, Ferric reducing antioxidant power (FRAP) assay and lipid Peroxidation activity by
FTC and TBA was also performed. To determine the cardioprotective effect, cytotoxic dose of aged and
raw garlic was optimized by MTT assay. Morphological analysis on below and above the cytotoxic dose
was also done and cell viability was observed by trypan blue assay. This study suggest that aged garlic
extract has higher antioxidative and cardioprotective activity compared to raw garlic.
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Introduction

Reactive Oxygen Species (ROS) are the by-product of cellular respiration and play a role in
cell signalling ™. However generation of excessive reactive oxygen species cause oxidative
stress involved in the development of degenerative cardiovascular disease 2 3. Along with the
free radical scavenging mechanism of body, Antioxidant phytochemicals present in food have
been believed to be responsible for antioxidative activity and to reduce the oxidative damage [,
Allium Sativum (Garlic) is a traditional medicinal food, originated from central Asia and some
parts of southern Europe, northern Africa > €. Garlic contains dietary fibres, several nutrients,
and traces of phytochemical. Also, garlic contains more than 30 organosulfur compounds
which are responsible for its physiological effect involved in human health [). Anti-microbial,
antioxidative, anti-cancer, antidiabetic, cardioprotective and antihypertensive activities are
well known benefit of garlic consumption. Though garlic has numerous health effects, but
consuming it daily in large amount to get its therapeutic benefits is also problematic because
those reactive sulfur species produce pungent smell, B indigestion I and irritation to the
gastrointestinal tract %, Studies suggested that consuming 4-5 garlic cloves daily for a long
time can cause stomach ulcer (1011,

Aged garlic extract (AGE) is a derivative of garlic prepared by soaking the garlic cloves in
aqueous solution for twenty months at room temperature. Aging converts the harsh odorous
compound into stable and odourless organosulfur compounds such as allicin converts into
antioxidant rich amino acids S-allylcysteine (SAC) 2. S-allyl mercaptocysteine (SMAC), N-
fructosyl arginine etc. The compound formed during aging does not have pungent smell and
are comparatively safer than the reactive sulfur species present in garlic 23, Also water
solubility of these compounds improves the bioavailability and therapeutic potency [,
Exempting the limitation of garlic makes aged garlic extract more preferable now a days 91,
But are the organosulfur present in aged garlic more effective then raw garlic is still a key
question and need to be explored. This study investigates the antioxidative and
cardioprotective activity of aged garlic and raw garlic. We comparative study with both the
natural compound and seek which of the garlic derivative is more preferred and to be
continued for further research.

Materials and methods
Chemicals
All the chemicals were purchased from Sigma-Aldrich, USA unless or otherwise mentioned.
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Preparation of garlic extract

259 of raw and aged garlic was placed in a thimble and
extracted with 200ml of methanol for 8 cycles in a Soxhlet
apparatus separately. After 8 cycles, extract was filtered by
whatman no.1 filter paper. Filtrates were then concentrated in
a rotatory evaporator. The concentrated garlic extract were
further kept at room temperature to dry completely for 2-3
days. Once the extracts dried, 1mg/ml solution was prepared
in distilled water. Same concentration (Img/ml) was also
prepared for aged garlic in distilled water. Both the samples
were again filtered and kept in clean bottles till further use.

Phytochemical analysis of developing and aged garlic

Raw and aged garlic was tested for the presence of bioactive
compounds like tannins, flavanoids, alkaloids etc. by
qualitative methods 61, All the experiments were repeated in
triplicates.

Detection for tannins

1% ferric chloride was drop wise added in 2 ml of raw and
aged garlic methanolic extract. Black- brown precipitation
showed the presence of tannins.

Detection for flavonoids

4 ml of diluted ammonia was added to 2 ml of both the
extracts followed by few drops of conc. sulphuric acid.
Appearance of yellow color confirmed the presence of
flavonoids.

Detection for terpenoids

1 ml of chloroform and acetic anhydride were added in 1 ml
raw and aged garlic extract, 2 ml of conc. sulphuric acid was
added. The reddish- violet color confirmed the presence of
terpenoids.

Detection of glycosides

Hydrochloric acid was added to raw and aged garlic extract in
1:1 ratio. The mixture was incubated in the water bath for 10
minutes. 1 ml of pyridine and few drops of sodium
nitroprusside solution were then added. Conversion of pink to
red color after addition of sodium hydroxide solution
confirmed the presence of glycosides.

Detection of phenols

Iml of Folin-Ciocalteu reagent and 0.5 ml of sodium
carbonate were added to 1 ml of both the extract. Appearance
of blue colour showed the presence of phenol.

Detection of alkaloids

2 ml hydrochloric acid was added to 4 ml of raw and aged
garlic extract which was then filtered. 2 ml Dragendroff’s
reagent was added to both the filtrates. Formation of an
orange or red precipitate confirmed the presence of alkaloids.

Detection of steroids

5 ml of chloroform was added to 1 ml of raw and aged garlic
extract. 5 ml conc. sulphuric acid was then added drop wise to
the mixture. Formation of the red brown ring confirmed the
presence of steroids.

Detection of saponins

Olive oil were added to 2 ml of both the extracts drop wise.
The formation of a soluble emulsion showed the presence of
saponins.
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Detection of reducing sugar

1 ml of raw and aged garlic extract was mixed with 1 ml of
Fehling’s solution (Fehling’s A and B in equal volumes).
Development of red precipitate on boiling for 5 min
confirmed the presence of reducing sugar.

Detection of reducing monosaccharides

1ml of developing and aged garlic extract was mixed with 1
ml of Barfoed’s reagent and heated for 2 min. Formation of
reddish precipitate of cuprous oxide confirmed the presence
of reducing monosaccharides.

Antioxidant activities of Raw and Aged garlic extract.
DPPH scavenging assay

Free radical scavenging activity of both the extracts was
compared by DPPH assay. Aged and raw garlic extract at
different concentration ranging from 0.2 -1 mg/ml were
mixed equally with. 135 mM DPPH prepared in methanol 7],
The mixture was incubated at room temperature in dark for 30
minutes followed by measuring the absorbance at 517 nm
using UV-VIS Spectrophotometer. Free radical scavenging
activity was calculated using the following equation.

% inhibition = OD control - OD of Sample / OD of control *
100

Where OD control is the absorbance of DPPH + methanol,
OD sample is the absorbance of DPPH radical + sample.

ABTS scavenging assay

For ABTS scavenging analysis, 7 mM ABTS solution and 2.4
mM potassium persulphate was mixed in equal proportion and
incubated for 12-16 h at 25°C in the dark. Freshly prepared
ABTS-+ solution (1 ml) was further added in the resulting
mixture. Extracts were mixed separately with the mixture in
1:1 ratio 18, After 10 min, the absorbance was measured at
734 nm. The inhibition capacity of the extracts for ABTS-+
was calculated by the equation as mentioned above.

NO scavenging activity

NO scavenging activity was determine by mixing 2 ml of
10mM sodium nitroprusside with different concentration of
aged and raw garlic, the reaction was incubated for 2.5 hr at
25 C in dark. After incubation freshly prepared griess reagent
was added in 1:1 ratio for 30 minutes at 25°C in dark [,
Absorbance was taken at 540 nm and nitric oxide scavenging
activity was calculated using the equation 0f% inhibition.

% inhibition = OD control - OD of Sample / OD of control *
100

H20: scavenging activity

4 mM H0; solution (prepared in 0.1 M phosphate buffer, pH
~ 7.4) was mixed with different concentration of raw and
aged garlic separately in equal proportion and incubated for
10 min at 25 °C. The absorbance was measured at 230 nm 2%,
The percent inhibition of H,O, by both the extracts was
calculated using the% inhibition equation mentioned above.

Determination of reducing power potential by FRAP
assay

Different concentrations of raw and aged garlic were added to
2.5 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 2.5 ml
of 1% potassium ferricyanide solution. The mixture was
vortexed and incubated at 50 °C for 20 minutes. After the
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incubation 2.5 ml of 10% trichloroacetic acid (TCA) was
added and centrifuged at 3,000 rpm for 10 min. The
supernatant (2.5 ml) was mixed with 2.5 ml of deionised
water and 0.5 ml of 0.1% ferric chloride. Absorbance was
measured at 700 nm P4, The reducing capacity of extract
(Fe®* to Fe?") was measured by the blue color intensity.

Lipid peroxidation assays

The antioxidant activity of aged and raw garlic was
determined using ferric thiocyanate (FTC) and thiobarbituric
acid (TBA) methods. The inhibition of lipid peroxidation was
estimated by the% inhibition formula mentioned above.

FTC method

Different concentration of raw and aged garlic (.2 -1 mg/mL)
was taken, 4.1 ml of 2.5% linoleic acid in 99.5% ethanol, 4 ml
of 99.5% ethanol, 8.0 ml of 0.02 M phosphate buffer and 3.9
ml of distilled water was added to each concentartion and
incubated in dark for 30 minutes and To measure the
antioxidant activity, 9.7 ml of 75% (v/v) ethanol was added in
the reaction mixture, followed by 0.1 ml of 30% ammonium
thiocyanate and 0.1 ml of 0.02 M ferrous chloride in 3.5%
hydrochloric acid 22, After 5 min ferrous chloride was added
and the absorbance was measured at 500 nm by UV-vis
spectrophotometer.

TBA method

The similar reaction mixture used in FTC assay was taken for
TBA assay. Then 20% trichloroacetic acid and 0.67% of
thiobarbituric acid were added in similar ratio to both the
extracts. Mixture was then incubated in water bath at 100°C
for 10 minutes, followed by centrifugation at 3000 rpm for 20
minutes 231, The absorbance activity of the supernatant was
measured at 552 nm.

Cell cytotoxicity Assay

Cell metabolic activity under different concentration of raw
and aged garlic was analyzed by MTT assay. Approximately
10,000 cells were cultured in 96 well plate for 24 hr.
afterwards cell were seeded in 96 well plate and treatment of
both the extract were given. After 48 hr. of treatment 20 pl
MTT was added and incubated for 3 hr. in dark at 37 °C.
MTT absorbed in the cells and form a blue color crystal
which was then dissolved in 100 pl DMSO. Absobance of
sample was measured at 570 nm [241,

Cell viability = Absorbance of sample - Blank / Absorbance
of control — Blank

Morphological analysis

HIC2 cardiomyocytes were cultured in a six well plate for
morphological analysis. ~70% confluent cells was trypsanised
and centrifuged at 1500 RPM for 10 minutes. Cell pallet was
resuspended uniformely and added in each of the six well and
the cells were allowed to adhere for 24 hr. After 24 hr. cells
were allowed to incubate on different concentrations of raw
and aged garlic methanolic extract for 48 hr.
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Giemsa staining

To study the cellular morphology after 48 hrs of treatments
with different concentration of raw and aged garlic, cells were
fixed with 100% methanol at —20 °C. Cells were then
incubated with 20% giemsa stain diluted in 0.5% glacial
acetic acid for 15 minutes at 25 °C and observed under
inverted microscope at 40 X magnification [,

Trypan blue dye exclusion assay

Cells death was examined by collecting the media from all the
plates and incubated with 0.4% trypan blue stain in 1:1 ratio
and kept at room temperature for 5 minutes. Dead cell were
then examined and calculated using haematocytometer [*4,

Statistical analysis

All the experiments were repeated three times in triplicates.
The data was expressed as Mean + SEM and significance was
evaluated by T test and two-way ANOVA. P value was
calculated on comparing the data where p<0.05.

Result

Raw and Aged garlic extract has similar phytochemical
abundance

The qualitative analysis of phytochemicals present in aged
and raw garlic indicates the presence of tannins, glycosides,
phenol, alkaloids, reducing sugar and reducing
monosaccharide (Table.1). However saponins were found to
be present in aged garlic but not in raw garlic.

Table 1: Phytochemical screening of Methanolic extract of
Developing and Aged garlic

. Developing Aged

Phytochemicals Garlri)c Garlic
Tannins ++ ++
Flavonoids ++ ++
Terpenoids -- --
Glycosides ++ ++
Phenols ++ ++
Alkaloids ++ ++
Steroids ++ --
Saponin ++ ++
Reducing Sugar ++ ++

Reducin

Monosacchagr]ides * *
Anthraquinones ++ --

EX)

[In the above table “++” indicate Presence and “—” indicate the

absence of phytochemical.]

Aged garlic extract has better free radical scavenging
potential

1,1-diphenyl-2-picrylhydrazyl ~ (DPPH)  free  radical
scavenging activity of aged garlic extract on 0.2, 0.4, 0.6, 0.8,
1 mg/ml concentration was found to be increased in
concentration dependent manner 17% +.04, 28% +.01, 33%
+.02, 39% +.01, 40 +.12 respectively (Figurel). Where
highest activity was observed at 1mg/ml concentration. While
DPPH activity of raw garlic at the same concentration was
found to be 17% +.02, 28% +.01, 28% =+.01, 28% +.02, 28%
+.01. Which is significantly lower than aged garlic extract.
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Fig 1: DPPH scavenging activity of Methanol extract of garlic and AGE, AGE has shown the highest antioxidative potential compared to
developing garlic. Values are expressed as mean of percentage inhibition of DPPH radicals (n=3) = SD. * represented the level of significance (p

ABTS activity of aged garlic was found to be 45%, 47%,
51%, 52% and 55% at 0.2, 0.4, 0.6, 0.8, 1 mg/ml respectively.

<0.05).

However for raw garlic it was 39%, 40%, 41%, 42%, 43% on
same concentration (Figure 2).

% inhibition

0%

SO

a0

0%

200%

10%

ABTS Scavenging Activity

—— 4,

% AGE

02 04 06 08 1

Concentartion mg/mi

Developing Garlk

Fig 2: ABTS Scavenging Activity: AGE has shown higher ABTS scavenging activity compared to developing garlic. Values are expressed as
mean of percentage of Reducing power potential (n=3) = SD. * represented the level of significance (p < 0.05).

Nitric oxide scavenging activity of raw garlic at different
concentration (0.2-1 mg/ml) was found to be 3% +.01, 4%
+.01, 4.3% £.02, 5.4% £.01, 6% +.02 while aged garlic had

7% +.02, 7%+.01, 8% +.02, 14%=+.02, 19% +.03 signifies
three fold higher antioxidative activity at 0.8 and 1 mg/ml
concentration (Figure 3).

NO Scavenging Activity

N AGH

S et O, Dirve doplongt ar N

._,._—-r——a——‘"""—_‘

L) 04 06 OR ]

Concentartion mg/ml

Fig 3: NO scavenging activity AGE has shown the greater NO scavenging potential compared to developing garlic. Values are expressed as
mean of percentage inhibition of nitric oxide radicals (n=3) + SD. * represented the level of significance (p < 0.05).
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Hydrogen peroxide scavenging activity of raw garlic was
found to be 2% +.04, 5% +.03, 6% +.01, 7% .02, 8% *.02.
whereas aged garlic extract was found to be 20% +.01, 40%

http://www.florajournal.com

+.02, 45% =+.02, 50% =+.02, 54% +0.4 on the same
concentration conformed the efficacy of aged garlic extract is
comparatibly better than raw garlic (Figure 4).

% inhibition

H20:2 Scavenging Activity

02 04 |

Conc. mg/mi

08

Fig 4: H202 scavenging activity AGE has shown highest hydrogen peroxides scavenging compared to developing garlic. Values are expressed
as mean of percentage inhibition of hydrogen peroxide (n=3) + SD. * represented the level of significance (p < 0.05).

In the next experiment, reduction potential of antioxidants
present in both the extract was determined by FRAP method.
It is a spectroscopic method and higher absorbance’s
represent higher electron donating capacity of antioxidants.

The result showed increase in absorbance with increasing
concentration (0.2-1 mg/ml) of aged garlic extract 0.131,
0.137, 0.14, 0.15, and 0.16. while the absorbance of raw garlic
was found to be 0.123, 0.129, 0.132, 0.139, 0.141 (Figure 5).

0.0, at 700 nm

Reducing Power Potential

—

Conc.mg/ml

O.D. Developing Garlix

0D AGE

Fig 5: Reducing power potential AGE has shown higher Reducing power potential compared to developing garlic. Values are expressed as mean
of percentage of Reducing power potential (n=3) + SD. * represented the level of significance (p < 0.05)

Aged garlic extract has higher lipid Peroxidation
inhibition activity as compared to raw garlic

The antioxidative activity of aged and raw garlic extract on
inhibition of lipid Peroxidation at different concentration (0.2-
1 mg/ml) was determined by ferric thiocyanate (FTC)
method. antioxidative activity of aged and raw garlic extract
has been represented as percent inhibition formula mentioned
above. The percent inhibition of aged garlic was found to be
48% (0.2mg), 55% (0.4mg), 60% (0.6mg), 65% (0.8mg), 72%
(Img), while the percent inhibition of raw garlic was 48%

(0.2mg), 50% (0.4mg), 51% (0.6mg), 53% (0.8mg), 57%
(1mg), which was lower than the aged garlic extract (Figure
6). In the next experiment we determined malondialdehyde
(MDA\) inhibition which is a marker of lipid Peroxidation by
thiobarbituric acid method (Figure 7). Aged garlic extract was
found to have 46% (0.2mg), 47% (0.4mg), 56% (0.6mg/ml),
60% (0.8mg), 62% (1mg) which was significantly higher than
the raw garlic extract 5% (0.2mg), 14% (0.4mg), 19%
(0.6mg), 35% (0.8mg), 52% (1mg).
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Fig 6: Lipid peroxides inhibition by FTC assay AGE has shown higher Lipid peroxides inhibition by FTC assay compared to developing garlic.
Values are expressed as mean of percentage inhibition lipid peroxidation (n=3) + SD. * represented the level of significance (p < 0.05)
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Fig 7: Lipid peroxides inhibition by TBA assay AGE has shown higher Lipid peroxides inhibition by TBA assay compared to developing garlic.
Values are expressed as mean of percentage inhibition of lipid peroxidation (n=3) &+ SD. * represented the level of significance (p < 0.05)

Aged garlic extract has less cytotoxicity of cardiomyocytes
as compared to raw garlic

MTT assay was carried out to determine the cytotoxicity of
raw and aged garlic extract. The results indicated that after 25
mM concentration of raw garlic cell viability start to decrease.
whereas aged garlic extract excerpt less toxicity even on
higher concentration (Figure 8). Morphological analysis of

HOC2 cells at different concentration of raw and aged garlic
showed variation in their morphology (Figure 9), which was
further validated by cell death assay for both the extract.
Percent Cell death for aged garlic at 10mM, 30Mm, 50mM
was found to be 4%, 16% and 25% respectively. While
percent cell death for raw garlic was found to be 7%, 31%,
42% (Figure 10).

Cell cytotoxicity assay
1.20%
100% ‘ 1 ‘ L ‘
sON 1 i 4 b I
5 1
r B Developng garii
40 AGE
20N
o » - - — — - -
St 10mM 15 20mM 25ent 30 3SemMt DM ASem SO
Conc. mM

Fig 8: MTT assay, dose optimization of developing garlic and AGE showed AGE has higher viability compared to developing garlic. Values are
expressed as mean of percentage cell viability (n=3) £ SD. * represented the level of significance (p < 0.05)
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AGE 50mM

Fig 9: Morphological analysis of HIC2 cells at different concentration of Raw and Aged garlic

Discussion

There is a considerable interest in association of reactive
oxygen species with cardiovascular diseases now days. Once
the homeostasis between Reactive oxygen species and
antioxidant start to fail, oxidative stress become apparent and
leads to cellular damage 1?1, Besides this free radicals are
involve in several signaling pathways in balanced state and
overproduction of these free radical unstable these pathways
(281 In recent time antioxidants obtained from plant have gain
a substantial interest because of their potential therapeutic
value and garlic through their antioxidative activity have
extensively been reported to provide defense against free
radical damage in body. But due to some limitation like
bioavailability and bed odor its consumption to attain its
therapeutic potential is limited. However aged garlic extract
modifies the antioxidative property of garlic by stabilizing
highly unstable compound to stable water soluble
organosulfur molecule. And in this study we found that aged
garlic extract has higher antioxidative activity and lower cell
toxicity.

Phytochemicals like flavanoids, phenols and alkaloids are
extensively reported to have antioxidative effect and provide
health benefits through cell signaling pathway. However
tannins and glycosides are reported to have physiological
effect in cardiovascular system like accelerate blood clotting
and lowering the blood pressure. In this study, phytochemical
analysis of both raw aged garlic methanolic extract showed
the presence of several phytochemical except saponin which
were present in aged garlic extract abundantly but not present
in raw garlic. High level of saponine contributes to the
antioxidative activity of aged garlic extract they have also
been reported to have lowering blood glucose response
making aged garlic a natural antiglycative agent [2°1,

The antioxidative activity of raw and aged garlic extract was
determined by the ability to scavenge DPPH, which is a violet
colored compound and a free radical method to determine the
hydrogen atom donating capacity of natural compounds and
measure by the extent of colorless complex produced after
reaction causing the decreased absorbance. The DPPH

~ 15~

scavenging activity of aged garlic extract was found to be
three fold higher than raw garlic (Figurel). Which is due the
presence of stable organosulfur compounds and their redox
property? Garlic has also shown DPPH scavenging activity,
which is might be because of the phytochemicals present in it
(301 But the ability to reduce was much more lesser then aged
garlic extract and these results were in agreement with those
of previous work reported. While DPPH assay is conducted in
organic solvents. ABTS assay is conducted in aqueous
condition. The method is based on the ability of antioxidants
to scavenge radical cation produced by reacting ABTS
solution with a strong oxidizing agent, which is reduced by
hydrogen donating antioxidants compounds. The hydrogen
donating capacity of raw and aged garlic was evaluated by
decrease in the absorbance of blue green color ABTS radical
reaction. The ability of garlic and aged garlic to scavenge
ABTS was compared with ascorbic acid. The highest ABTS
scavenging activity of aged garlic extract was found to be
56.3% at 1mg/ml concentration while the activity of raw
garlic was 43% at the same concentration (Figure 2). These
results indicate that aged garlic extract has better reduction
potential in organic as well as aqueous phase.

Among the reactive oxygen species associated with
cardiovascular disease nitric oxide and hydrogen peroxide are
considered to be chemically more stable than other ROS like
superoxide etc B high level of these species in blood increase
the contribution to wvascular pathophysiology. Increased
concentration of NO is highly reactive which cause oxidative
stress and tissue damage. In this study we found that aged
garlic extract have five fold higher NO scavenging activity
than raw garlic which is mainly due to the stable organosulfur
compound present in aged garlic extract (Figure 3). Also
H>0,, which is a non free radical species have high toxicity in
presence of metal ions 32 aged garlic extract scavenges
hydrogen peroxide by 57% at 1 mg/ml concentration which is
approximately ten times higher than raw garlic extract (5%)
on same concentration (Figure 4). Therefore a high NO and
H.O,, scavenging activity of aged garlic extract might be
useful for protection against oxidative toxicity.
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In the Ferric reducing antioxidant power potential (FRAP)
which is a widely used colorimetric assay to determine the
electron donating capacity of antioxidant rather than the
hydrogen atom transfer. The FRAP reaction is conducted at
low pH decreases the ionization potential that drives hydrogen
atom transfer and increase the redox potential. The reduction
of Fe** to Fe* occurs in the presence antioxidants
accompanied by the formation of blue colored complex
(Absorbance at 593 nm) which is related to the degree of
hydroxylation [, Higher absorbance indicates higher
electron donating capacity of antioxidant. Unexpectedly, aged
garlic extract and raw garlic showed similar electron donating
capacity which indicates that the metal chelating ability of
aged and raw garlic extract depends on the phytochemicals
especially phenolic compounds rather than organosulfur
compounds (Figure 5). Though the result indicated that aged
garlic extract has a slightly higher side of FRAP activity
which showed that the phenolic content in it is also high.
Lipid Peroxidation and its association with cardiovascular
disease like atherosclerosis is a major cause of morbidity [34].
The ability of garlic and aged garlic to reduce lipid
Peroxidation was determined by two methods. The Ferric
thiocyanate (FTC) method was used to determine the amount
peroxide produced at the beginning of lipid Peroxidation. In
this method peroxides reacts with ferrous chloride to form
ferric ion the ferric ion is then combined with ammonium
thiocynate and produce ferric thiocyanate which is red in
color. Production of peroxide at the beginning of reaction is
inversely proportional to the antioxidative activity of sample.
Aged garlic extract was recorded to have highest activity
(70%) at 1 mg/ml concentration while the highest activity of
raw garlic was found to be 53% at same concentration (Figure
6). Subsequently at the later stage of lipid oxidation, peroxide
decomposes to malondialdehyde (MDA) which is an end
product of lipid Peroxidation measured by thiobarbituric acid
or TBA method, a highly sensitive method based on reactivity
of free MDA with thiobarbituric acid. Which was found to be
relatively higher in aged garlic extract compared to raw garlic
extract (Figure 7). The lipid Peroxidation activity of raw
garlic was decreased at the second stage unexpectedly which
represent that aged garlic extract is more stables and exhibits
high antioxidative property on both the stages of lipid
Peroxidation.

Furthermore, cell cytotoxic dose of both the extract was
determined by MTT assay and the dose optimized for raw
garlic was found to be 25 mM while for aged garlic it was
35mM. Also after 25mM to 50mM concentration percent
viability was reduced by 20% with raw garlic and by 5% with
aged garlic extract (Figure 8). The results were further
validated by analyzing the cells morphologically (Figure 9)
and trypan blue assay also showed the similar result (Figure
10). With these results we can conclude that aged garlic
extract is a safer derivative of raw garlic because of the
stability of compounds present in it.

Conclusion

The aging of garlic converts reactive organosulfur compounds
into stable water soluble compounds like SAC, SAMC. Aging
of garlic may modify its antioxidative activity. The high
antioxidative activity of aged garlic extract might be due to
the antioxidant compound other than phenolic compound. The
study demonstrates that both protect against oxidative stress,
but the scavenging activity of aged garlic extract is
significantly higher than the raw garlic, Also aged garlic
extract has found to be a safer derivative for cardiovascular
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disease. Our findings together with previous data suggest that
consuming aged garlic as a dietary supplement might be
beneficial for preventing cardiovascular disease. It is
important to identify all the organosulfur compound present in
aged garlic and their beneficial role. Further research is
needed to elucidate whether aged garlic extract attenuate the
oxidative stress in vivo.
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