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Free radical-mediated oxidation is often linked to various degenerative diseases. Biological substrates with lipids as major
components are susceptible to oxygen-derived lipid peroxidation due to their composition. Lipid peroxide products act as
biomarkers in evaluating the antioxidant potential of various plants and functional foods. The study focused on evaluation of
the antioxidant potential of two extracts (methanol and 80% methanol) of four medicinal plants, Andrographis paniculata, Costus
speciosus, Canthium parviflorum, and Abrus precatorius, against Fenton reaction-mediated oxidation of three biological lipid
substrates; cholesterol, low-density lipoprotein, and brain homogenate. The antioxidant activity of the extracts was measured by
thiobarbituric acid reactive substancesmethod.Also, the correlation between the polyphenol, flavonoid content, and the antioxidant
activity in biological substrates was analyzed. Results indicated highest antioxidant potential by 80%methanol extract of Canthium
parviflorum (97.55%), methanol extract of Andrographis paniculata (72.15%), and methanol extract of Canthium parviflorum
(49.55%) in cholesterol, low-density lipoprotein, and brain, respectively.The polyphenol and flavonoid contents ofmethanol extract
of Andrographis paniculata in cholesterol (𝑟 = 0.816) and low-density lipoprotein (𝑟 = 0.948) and Costus speciosus in brain
(𝑟 = 0.977, polyphenols, and 𝑟 = 0.949, flavonoids) correlated well with the antioxidant activity. The findings prove the antioxidant
potential of the selected medicinal plants against Fenton reaction in biological lipid substrates.

1. Introduction

Biological lipid substrates are prone to oxidation due to their
composition. Oxygen-derived free radicals such as peroxyl
radicals (ROO∙) and hydroperoxyl radicals (HOO∙) have
a role in fatty acid peroxidation and have received great
attention in connection with oxidative stress. The integrity
of cell membranes is disturbed due to peroxidation leading
to rearrangement of the membrane structure of lipid dense
sites such as the brain, low-density lipoprotein (LDL), and
cholesterol [1].

High levels of polyunsaturated fatty acids, oxygen uti-
lization, and redox metal ions and relatively poor antioxi-
dant systems make the brain tissue vulnerable to oxidative
damage. Oxidative stress in the brain is linked to degen-
erative disease such as Alzheimer’s disease (AD) wherein

presence of increased levels of oxidative stress markers
including the markers of lipid peroxidation such as acrolein,
4-hydroxy-2-trans-nonenal (HNE), and malondialdehyde
(MDA) is observed. Brains of subjects with Mild Cognitive
Impairment (MCI), arguably the earliest form of AD, show
increased levels of MDA, free HNE, protein-bound HNE,
F(2)-isoprostanes, F(4)-neuroprostanes, and acrolein. Thus,
this highly oxidative environment is a hallmark of MCI and
AD pathology [2].

The link between LDL and development of atherosclero-
sis is well known. The mechanism involves oxidation of LDL
lipids and proteins leading to loss of recognition by the LDL
receptor and a shift to recognition by scavenger receptors.
The acetyl-LDL receptors on the macrophages take up these
modified LDL and cholesterol; since the local concentration
of cholesterol does not downregulate the activity of these
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receptors, thus projecting the molecular link between LDL,
cholesterol, formation of foam cells, and development of
atherosclerosis [3, 4].

The free radical-mediated oxidation of cholesterol gives
7𝛼- and 7𝛽-hydroperoxycholesterol, 7𝛼- and 7𝛽-hydro-
cholesterol; 5𝛼, 6𝛼-, and 5𝛽,6𝛽-epoxycholesterol, and 7-
ketocholesterol as major products. Linoleates and choles-
terol are abundant lipids in vivo and their free radical-
mediated oxidation gives rise to hydroperoxy octadeca-
dienoates (HPODEs) and 7-hydroperoxycholesterol. Oxys-
terols, products of cholesterol oxidation, serve as diagnostic
biomarker of oxidative stress as intermediates in bile acid syn-
thesis, messengers of cell signaling, and cholesterol transport
[5].

The thiobarbituric acid (TBA) assay is the most com-
monly used assay to study lipid peroxidation. Addition of
iron or copper salts to biological molecules causes site-
specific formation of oxygen-derived free radicals such as
peroxyl radical (ROO∙) and hydroperoxyl radical (HOO∙)
which can trigger lipid peroxidation chain reactions. This
reaction occurs by abstracting a hydrogen atom from a
side chain methylene carbon of polyunsaturated fatty acids
and transforms it into lipid hydroperoxides. These lipid
hydroperoxides easily decompose to secondary products,
such as aldehydes andMDAs, which can be detected by thio-
barbituric acid reactive substances (TBARS) method [1, 4].
Level of lipid peroxidation products in vivo is determined by
the balance between their formation, metabolism, secondary
reactions, and excretion. These biomarkers are useful for
evaluating the beneficial effects of antioxidant foods, spices,
beverages, supplements, and drugs [6].

Several antioxidants protect biomolecules against oxida-
tion.The protective effect of antioxidants and phytochemicals
such as ubiquinol-10, ascorbate, lycopene, 𝛽-carotene, 𝛼-
tocopherol [7, 8], flavonoids [9, 10], carotenoids, and phenolic
compounds [11] against LDL oxidation; vitamins A, B
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, C,
and E [12, 13], anthocyanins [14], and quercetin [15] against
brain oxidation; vitamin E and 𝛾-oryzanol against cholesterol
oxidation [16] has been reported.

Leaves of medicinal plants such as Albizia amara, Achy-
ranthes aspera, Cassia fistula, Cassia auriculata, and Datura
stramonium [17], bark of Crataeva nurvala [18], and root
of Curcuma longa [19] have exhibited antioxidant activity
against lipid oxidation.

In our laboratory, several medicinal plants of theWestern
Ghats, India, have been screened for their antioxidant efficacy
by incorporating them into food systems such as biscuits and
edible oil and in biological systems such as tissue substrates
[20–26]. Furthermore, selected medicinal plants such as
Andrographis paniculata, Costus speciosus, Canthium parvi-
florum, and Abrus precatorius were screened for their ability
to inhibit oxidation in red blood cells and microsomes [27].
With this background, the present research work focused on
the ex vivo antioxidant ability of the selectedmedicinal plants
in biological lipid substrates such as cholesterol, LDL, and
brain homogenate. Cholesterol is used as a model substrate
in this experiment since it is one of the primary components
of the brain and LDL.

2. Materials and Methods

2.1. Chemicals. All the chemicals used were of analytical
grade. Protein kit was purchased from Span Diagnostics
Ltd., Gujarat, India. LDL diagnostic kit was purchased from
Agappe Diagnostics Ltd., Kerala, India.

2.2. Plant Materials. The plant samples selected for the study,
Andrographis paniculata (AnP), Costus speciosus (CS), Can-
thium parviflorum (CP), and Abrus precatorius (AP), were
collected from the Western Ghats, India. The plant samples
were identified by Botanist Dr. Janardhan, Department of
Studies in Botany, University of Mysore, Mysuru, India. The
leaves were cleaned, washed, and dried in hot air oven at 55∘C
for 8–10 h. The dried leaves were ground to a fine powder
and passed through 60 mesh sieve and stored in airtight
containers until further use.

2.3. Preparation of Extracts. Two different extracts were
prepared from the dehydrated samples, that is, methanol (M)
and 80% methanol (80M). 10 g of each sample was extracted
with 100mL of the solvent in amechanical shaker for 12 hours
and filtered through Whatman No. 1 filter paper. The filtrate
obtained was evaporated to dryness in a Rotary evaporator at
50∘C (Superfit, Bangalore, India). The extracts were stored at
4∘C until further use.

2.4. Estimation of Polyphenol and Flavonoid Content in the
Extracts. Thepolyphenol andflavonoid contentwas analyzed
using Folin-Ciocalteu micromethod and pharmacopoeia
method, respectively [28, 29]. The analysis was done on all
samples of both the extracts to study the correlation between
the two phytochemicals, that is, polyphenol and flavonoid,
and their antioxidant ability in biological lipid substrates.

2.5. Preparation of Substrates. Three biological lipid sub-
strates, LDL, brain and cholesterol, were chosen to analyze the
potency of methanol extracts of the plant samples in inhibit-
ing oxidation. Cholesterol was obtained from a commercial
source anddissolved in ethanol to a known concentration and
stored at 0∘C until further use.

LDL was isolated by the modified method of Schlussel
and Elstner [30]. 20mL of blood was drawn from healthy
human subjects by Laboratory Technician at University
Health Centre, University of Mysore. Samples were added
to Ethylenediaminetetraacetic acid (EDTA) vials and cen-
trifuged at 2000 rpm for 20minutes at 4∘C. 3mLof the plasma
layer was separated and pipetted into 15mL tubes. 1.5 g of KBr
was added to the tubes and rocked until the KBr dissolved.
9mL saline was added to the tubes and ultracentrifuged
(Thermo Scientific, Pune) at 43,000 rpm for 3 h at 4∘C. The
bottom layer of the fractions was separated using a Pasteur
pipette, dialyzed, and tested for LDL and protein content
using standard kits. The content was diluted with phosphate
buffered saline (PBS) to a known volume and stored in
freezer until further use. Substrate equal to 1mg protein
concentrationwas taken for the experiment. Permission from
Institutional Human Ethics Committee of the University of
Mysore was obtained for the collection of blood samples
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from healthy subjects to isolate LDL (IHEC-UOM Number
36 Res/2013-14, date: 16/4/2013).

Brain was isolated from healthy male adult rats from
Central Animal House of the University. It was washed
in PBS (0.01M, pH-7.4) and homogenized with six strokes
of a smooth-walled, glass Remi homogenizer. The brain
homogenate was stored in the freezer (4∘C) until further
use. The protein content of the homogenate was analyzed
and substrate equal to 1mg protein concentration was taken
for the experiment. Permission from Institutional Animal
Ethics Committee of the University of Mysore was obtained
to isolate brain (UOM/IAEC/04/2013, date: 28/09/2013).

2.6. Estimation of TBARS. Lipid peroxide formation was
measured by the modified method of Ohkawa et al. [31].
Substrates (cholesterol, LDL, and brain homogenate) were
taken according to their protein content. Plant extracts were
added to the substrates at different concentrations (300–
500 microlitres of 1mg/mL). Fenton’s reagent was added to
induce oxidation (500𝜇L of 20mM FeSO

4

and 250 𝜇L of
20mMH

2

O
2

) and the tubes were vortexed. The mixture was
incubated for 2 hours at 50∘C followed by addition of 1mL
of TBA (0.67%) and 1mL of TCA (10%). The test tubes were
incubated in boiling water bath for 30minutes. After cooling,
3mL of butanol was added to the tubes and vortexed. The
butanol layer was separated and centrifuged at 3000 rpm for
10min at 5∘C and the absorbance was measured at 532 nm at
room temperature:

% Inhibition of oxidation

=

[O.D of control −O.D of sample]
[O.D of control]

× 100.

(1)

3. Statistical Analysis

All the experiments were carried out in triplicates (𝑛 =
3). The correlation was determined by Pearson’s product-
moment correlation coefficient. Data was subjected to one-
way ANOVA using SPSS software, 2011 version, (𝑝 ≤ 0.05).

4. Results and Discussion

Medicinal plants have undoubtedly been nature’s fighters
against oxidative stress related diseases. Apart from endoge-
nous synthesis and production of antioxidants; supplemen-
tation of exogenous sources of antioxidants has become
vital to curb the imbalance between antioxidant status and
oxidative stress. Promoting the utilization ofmedicinal plants
in treating degenerative diseases could be a novel and safer
approach.

4.1. Antioxidant Activity of Medicinal Plants in Different
Biological Substrates. The antioxidant activity of the samples
in cholesterol is given in Figure 1. It is evident that the
extracts of the plant samples have shown varied inhibitory
activity; that is, the activity did not increase with increasing
concentrations. It was observed that both M and 80M of CP
showed significantly higher activity compared to other plant
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Figure 1: Inhibition of cholesterol oxidation by different plant
extracts. AnP: Andrographis paniculata; CS: Costus speciosus; CP:
Canthium parviflorum; AP: Abrus precatorius; M: methanol; 80M:
80% methanol; a, b, c,. . . represents significance of methanol
extracts, l, m, n,. . . represents significance of 80%methanol extracts
(𝑝 ≤ 0.05). Values are the mean of triplicates (𝑛 = 3).

samples (𝑝 ≤ 0.05). Also, maximum activity was exhibited
by both the extracts of CP at lower concentration at 400 𝜇g
than at 500𝜇g (80M: 97.55% and M: 79.2% at 400 𝜇g and
80M: 88.07% and M: 74.31% at 500 𝜇g, resp.). The oxidation
inhibitory potential of CSM, APM, and AnP 80M decreased
with increasing concentration and AP showed significantly
the least activity among the sample extracts (𝑝 ≤ 0.05). The
antioxidant activity of CP could be due to the presence of
lipid soluble phytochemicals such as 𝛼-tocopherol (164.6 ±
22.10mg/100 g dry basis) and 𝛽-carotene (1060±0.6 𝜇g/100 g
dry basis) in higher amounts [27]. The protective effect of
tocopherols against cholesterol oxidation is well known and
reported in several studies [16, 32]. CP has also exhibited
good antioxidant activity against oxidation of biological
substrates such as microsomes and RBC [24, 27]. Decrease
in antioxidant activity with increasing concentrations could
be due to the prooxidant activity of some phytochemicals at
higher concentrations [33].

The antioxidant activity of the samples in LDL is given in
Figure 2.Most of the plant extracts exhibited a varied trend in
LDL as observed in the figure, that is, the inhibitory activity
did not follow an increasing trend. However, AnPM (72.15%)
showed significantly higher antioxidant potential than other
extracts (𝑝 ≤ 0.05). A decreasing trendwas observed inCPM
and AP M with the lowest antioxidant activity. All four 80M
extracts showed close values of antioxidant potential ranging
between 44 and 59% and there was no significant difference
observed between the extracts (𝑝 ≥ 0.05). AnP is a rich
source of polyphenol (3.21 ± 0.10 g/100 g), flavonoid (1.50 ±
0.16mg/100 g), and glutathione (824 ± 28.84mmol/100 g)
[27]. Also, the polyphenol and flavonoid content of AnP
M showed good correlation with the antioxidant activity
compared to other extracts (𝑟 = 0.948, 𝑝 ≤ 0.01). The
protective effect of polyphenols, flavonoids, and tocopherol
against oxidation of LDL has been reported [34–36].

The antioxidant activity of the samples in brain
homogenate is given in Figure 3. Methanol extracts of
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Figure 2: Inhibition of LDL oxidation by different plant extracts.
AnP: Andrographis paniculata, CS: Costus speciosus, CP: Canthium
parviflorum, AP: Abrus precatorius; M: Methanol, 80M: 80%
Methanol; a, b, c,. . . represent significance of methanol extracts; l,
m, n,. . . represent significance of 80% methanol extracts (𝑝 ≤ 0.05).
Values are the mean of triplicates (𝑛 = 3).
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Figure 3: Inhibition of lipid oxidation in brain homogenate by
different plant extracts. AnP: Andrographis paniculata; CS: Costus
speciosus; CP: Canthium parviflorum; AP: Abrus precatorius; M:
methanol; 80M: 80% methanol; a, b, c,. . . represent significance of
methanol extracts; l, m, n,. . . represent significance of 80%methanol
extracts (𝑝 ≤ 0.05). Values are the mean of triplicates (𝑛 = 3).

CP (49.55%) and AnP (45.17%) showed significantly high
inhibition of oxidation in brain homogenate (𝑝 ≤ 0.05).
The trend of inhibition of oxidation in brain homogenate
was highly comparable to that of cholesterol wherein
both the extracts of CP showed higher inhibition of
oxidation than other extracts. CS 80M and AP 80M showed
significantly the least activity in brain (𝑝 ≤ 0.05). All extracts
showed an increase in antioxidant activity with increasing
concentrations except AnP 80M and AP M. There are no
reported studies on the protective effect of CP on brain
homogenate; however, CP has been reported to inhibit
oxidation of RBC and microsomes [27]. In a study, the
protective effect of methanol extract of AnP leaves was
evident by decreased tissue malondialdehyde (MDA) levels
and increased SOD levels owing to its antioxidant and

cerebroprotective activity against cerebral infarction in Type
II diabetic animal model [37].

4.2. Correlation between the Polyphenol, Flavonoid Content,
and Antioxidant Activity. Thepolyphenol and flavonoid con-
tent of all the extractswere analyzed. It was observed thatAnP
and AP had a higher polyphenol and flavonoid content in the
methanol extract than CS and CP, whereas AP and CS had
higher polyphenol content; CP and AP had higher flavonoid
content in 80% methanol extract.

Antioxidant activity of an extract can be correlated to
its phytochemical constituents by Pearson’s product-moment
correlation coefficient. Accordingly, the polyphenol and
flavonoid content were correlated with antioxidant activity in
all three substrates (Tables 1–3).

In cholesterol, AnPMhad the highest polyphenol content
and exhibited good correlation (0.816, 𝑝 ≤ 0.01) compared
to other extracts. This effect could be due to the presence
of polyphenols (3.21 ± 0.10 g/100 g dry basis) and flavonoids
(1.50 ± 0.16mg/100 g dry basis) in higher concentration in
AnP than other medicinal plants. The presence of higher
amounts of Glutathione (824 ± 28.84mmol/100 g dry basis)
and saponins in AnP M might have contributed to the total
antioxidant activity [27]. Extracts of AnP M, CS 80M, and
AP 80M showed a positive correlation. Although CP M
showed higher inhibition of oxidation, correlation between
the flavonoid and polyphenol content did not reach statistical
significance (𝑝 ≥ 0.01), suggesting the role of other phy-
tochemicals. The presence of flavonoids, polyphenols, and
andrographolide diterpenoids in AnP has been reported [38].

In LDL, as a substrate, extracts of AnP M (𝑟 = 0.948,
𝑝 ≤ 0.01), AP 80M (𝑟 = 0.840, 𝑝 ≤ 0.01), and CP 80M
(𝑟 = 0.776, polyphenols, and 𝑟 = 0.800, flavonoids, 𝑝 ≤
0.01) showed a higher correlation than other extracts. AnP
M showed better correlation in LDL than other substrates.
This could be due to the compositional differences between
the substrates. AP 80Mhad the highest amount of polyphenol
and flavonoid content (120 ± 0mg/g and 1.69 ± 0.02mg/g,
resp.) among all extracts and the antioxidant activity (48.65–
58.67%) correlated well with the presence of these phyto-
chemicals in greater amount. Methanol extracts of AnP and
CS and 80%methanol extracts of CP and AP showed positive
correlation in LDL.

Highest correlation was observed between flavonoid,
polyphenol content, and the antioxidant activity by CS M
(𝑟 = 0.977, polyphenols and 𝑟 = 0.949, flavonoids, 𝑝 ≤
0.01) in brain homogenate compared to other substrates
and extracts. CS M showed a significant increasing trend in
antioxidant activity and good correlation at very low con-
centration of polyphenols (51.66 ± 2.35mg/g) and flavonoids
(0.04 ± 0mg/g) compared to other extracts. As observed in
cholesterol, though CP M showed the highest antioxidant
activity, there was no correlation observed between the
antioxidant activity and its flavonoid and polyphenol content
signifying contribution towards the antioxidant activity by
other phytochemicals. The presence of phenolic compounds
in CS has been reported [39]. Though AnP and AP had
a higher polyphenol and flavonoid content than CS, the
correlation did not reach statistical significance (𝑝 ≥ 0.01).
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Table 1: Correlation between the antioxidant activity of plant
extracts against cholesterol oxidation and the content of polyphenol
and flavonoid in the extracts.

M 𝑟-value 80M 𝑟-value
Polyphenol
(mg/g)

AnP 88.33 ± 2.35 0.816 41.66 ± 2.35 −0.617
CS 51.66 ± 2.35 −0.459 63.33 ± 2.35 0.652
CP 46.66 ± 4.71 −0.040 55.00 ± 0 −0.040
AP 83.33 ± 9.42 −0.968 120.00 ± 0 0.508

Flavonoid
(mg/g)

AnP 1.87 ± 0.07 0.816 0.96 ± 0.11 −0.617
CS 0.04 ± 0 −0.439 0.40 ± 0.06 0.655
CP 0.59 ± 0.01 −0.02 1.09 ± 0.01 −0.000
AP 2.58 ± 0.10 −0.973 1.69 ± 0.02 0.508

Values are mean of triplicates (𝑛 = 3); M: methanol extract; 80M: 80%
methanol extract; 𝑟-value: 𝑝 ≤ 0.01; AnP: Andrographis paniculata; CS:
Costus speciosus; CP: Canthium parviflorum; AP: Abrus precatorius.

Table 2: Correlation between the antioxidant activity of plant
extracts against oxidation of LDL and the content of polyphenol and
flavonoid in the extracts.

M 𝑟-value 80M 𝑟-value
Polyphenol
(mg/g)

AnP 88.33 ± 2.35 0.948 41.66 ± 2.35 −0.761
CS 51.66 ± 2.35 0.414 63.33 ± 2.35 −0.034
CP 46.66 ± 4.71 −0.958 55.00 ± 0 0.776
AP 83.33 ± 9.42 −0.934 120.00 ± 0 0.840

Flavonoid
(mg/g)

AnP 1.87 ± 0.07 0.948 0.96 ± 0.11 −0.761
CS 0.04 ± 0 0.501 0.40 ± 0.06 −0.076
CP 0.59 ± 0.01 −0.957 1.09 ± 0.01 0.800
AP 2.58 ± 0.10 −0.940 1.69 ± 0.02 0.840

Values are mean of triplicates (𝑛 = 3); M: methanol extract; 80M: 80%
methanol extract; 𝑟-value: 𝑝 ≤ 0.01; AnP: Andrographis paniculata; CS:
Costus speciosus; CP: Canthium parviflorum; AP: Abrus precatorius.

5. Conclusion

This research paper is the first comparative ex vivo study
reporting the antioxidant potency of Andrographis panic-
ulata, Canthium parviflorum, Costus speciosus, and Abrus
precatorius in biological lipid substrates. Among the four
samples studied, Canthium parviflorum and Andrographis
paniculata exhibited high antioxidant potential against the
three biological lipid substrates owing to the presence of
phytochemicals such as polyphenols, flavonoids, glutathione,
𝛼-tocopherol, and 𝛽-carotene. Further studies are needed to
confirm these observations using in vivo models simulating
pathophysiology of neurodegenerative and atherogenic dis-
eases.

Table 3: Correlation between the antioxidant activity of plant
extracts against lipid oxidation in brain homogenate and the content
of polyphenol and flavonoid in the extracts.

M 𝑟-value 80M 𝑟-value
Polyphenol
(mg/g)
AnP 88.33 ± 2.35 0.041 41.66 ± 2.35 0.718
CS 51.66 ± 2.35 0.977 63.33 ± 2.35 0.706
CP 46.66 ± 4.71 0.584 55.00 ± 0 0.591
AP 83.33 ± 9.42 0.700 120.00 ± 0 0.720

Flavonoid
(mg/g)
AnP 1.87 ± 0.07 0.041 0.96 ± 0.11 0.718
CS 0.04 ± 0 0.949 0.40 ± 0.06 0.701
CP 0.59 ± 0.01 0.566 1.09 ± 0.01 0.608
AP 2.58 ± 0.10 0.683 1.69 ± 0.02 0.720

Values are mean of triplicates (𝑛 = 3); M: methanol extract; 80M: 80%
methanol extract; 𝑟-value: 𝑝 ≤ 0.01; AnP: Andrographis paniculata; CS:
Costus speciosus; CP: Canthium parviflorum; AP: Abrus precatorius.
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