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ABSTRACT

Introduction and Aim: Plants from Anacardiaceae family are used in indigenous system of medicine for their anti-
arthritic, antibacterial and antioxidant properties. Among them, Holigarna species are widely known as toxic
members of Anacardeaceae family which are endemic to Western Ghats. It is commonly known as allergic plant
which causes contact dermatitis if contacted. However, young leaves and seeds are used against haemorrhoids,
obesity, and cancer and skin diseases. Despite the claims and the use of Holigarna ferrugenia, Holigarna nigra and
Holigarna grahamii for the management of skin diseases in traditional medicine, little is known and documented so
the aim of the study was to explore the in vitro antioxidant activity and to analyse qualitative and quantitative of
phytochemicals along with their physicochemical properties.

Materials and Methods: Physicochemical parameters such as moisture, pH, total ash, acid-insoluble ash, and
elemental values were determined. Qualitative and quantitative analysis were carried out along with different
antioxidant assays for evaluating the antioxidant activity of aqueous crude extract of H. ferrugenia, H. nigra and H.
grahamii.

Results: Physicochemical analysis revealed the presence of trace elements. Preliminary phytochemical analysis
revealed the presence of tannins, alkaloids, flavonoids, phenols, saponins and steroids in aqueous crude extract of H.
ferrugenia, H. nigra and H. grahamii. The free radical scavenging activity of all plants exhibited better antioxidant
properties.

Conclusion: The results indicated that the leaves contain an appreciable number of bioactive compounds and
presence of these phytochemicals, especially the phenols and flavonoids could be the reason behind the use of both
plants in ethno-medicine for the management of various ailments.

Keywords: Phytochemical studies; physicochemical parameters; H. ferrugeinea; antioxidant activity; DPPH;
endemic plants; H. nigra; H. grahamii

INTRODUCTION the treatment of various diseases. The importance of
alkaloids, saponins and tannins in various antibiotics
used in treating common pathogenic strains has
recently been reported by (5). Phenolic compounds,
especially flavonoids, have been investigated for their
antioxidant properties and proven to be effective (6).
Environmental factors play a crucial role in
antioxidant properties of medicinal plants like its
variety, climatic and seasonal variations, geographical
regions of growth, degree of ripeness, growing
practices, and many other factors such as postharvest
treatment and processing. In Anacardiaceae, toxic
phenols are likely a defence against pests, because
they are capable of restricting the growth of
pathogenic fungi such as Alternaria sp. These
compounds play a dual role as both toxic and
beneficial to health. At lowest or average quantity, it
exerts beneficial effects on cellular response and
immune function and at higher levels, they produce
The secondary metabolites present in the leaves, fruits, oxidative stress that can damage all cells (7). For
barks, stems and roots of medicinal plants include appropriate determination of antioxidant capacity, the
phytochemicals like flavonoids and other phenolic

compounds, which has led to their therapeutic use in

people to heal themselves and plants have been

mined for novel secondary metabolites since
1800’s. Almost all developing countries throughout
the World consider traditional systems of medicine as
important health sources (1). Since early 2020, the
concern about the front-liners who are fighting against
the coronavirus disease 2019 (COVID-19) is worrying
as this disease was rising in an alarming rate.
Medicinal plants gave a huge contribution in this
pandemic. The medicinal plant has regained its
attention although it has the perception of being hay or
woods (2). Plant based natural products are important
for pharmaceutical research as well as for drug
development as a source of therapeutic agents. About,
80% of the terrestrial floras are virtually untapped
sources of bioactive metabolites (3, 4).

Traditional herbal medicines were the source for
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extraction technique, its conditions, solvent used, and
particular assay methodology are important (8).

Plants from Anacardiaceae family are used in
indigenous system of medicine for their anti-arthritic,
antibacterial and antioxidant properties. Among them,
Holigarna species are widely known as toxic members
of Anacardiaceae family which are endemic to
Western Ghats. It is commonly known as allergic plant
which causes ‘Rhus’ — type contact dermatitis (9). The
most commonly known facts about this species is that
genus Holigarna have an acrid juice in all its parts (10)
and bark in particular, releases white milky latex
which will convert to black colour after exposing to air
and that is highly irritating to skin. Its seed is used
against haemorrhoids, obesity, and cancer and skin
diseases (11). Allergic contact dermatitis due to
various members of Anacardiaceae is a common
problem among the outdoor workers of the South
Kanara and Konkan area. Among these plants
Anacardium occidentale and Semecarpus anacardium
have been extensively studied for various purposes.
Surprisingly, Holigarna species which are widely
grown in Kodagu region and Western Ghats are not
yet explored. The only species studied to some extent
is H. anottiana while other species are untouched (12).
Retrospective researches revealed that H. arnottiana
showed the properties like antioxidant, antifeedant,
anticancer and also allergic potentials (13).

Despite the claims and the use of H. ferrugenia, H.
nigra and H. grahamii for the management of skin
diseases in traditional medicine, little is known and
documented regarding total phenolic content, total
flavonoid content, total alkaloid content, total saponin
content and antioxidant activity of these medicinally
valuable toxic plant species. In the light of this, the
present study is intended to explore the in vitro
antioxidant activity and to analyse qualitative and
quantitative of phytochemicals along with their
physicochemical properties contained in H.
ferrugenia, H. grahamii and H. nigra.

MATERIALS AND METHODS
Selection and identification of plants

The plant samples of H. ferrugeinea was collected
from Dakshina Kannada district, Karnataka whereas
H. grahamii and H. nigra were collected from Kodagu
district, Karnataka, India. The plant materials were
identified and authenticated by Dr. H. S. Shenoy,
Principal ~ Scientist, Pilikula Nisarga Dhama
Herbarium, Mangalore, Karnataka, India vide letter
no. SKPND:CR: 113: Herbarium Collection/19-20.
The herbarium is kept at PND Herbarium, Mangalore
H. ferrugeinea (accession no. 377), H. grahamii
(accession no. 2366) and H. nigra (accession no. 5107)
for further reference.

Preparation of plant extracts for physicochemical
and elemental analysis
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Plant leaves were washed in running tap water to
remove the dirt, followed by distilled water, and dried
under shade. The dried leaves were grinded into a fine
powder using electric blender.

Evaluation of physicochemical characteristics

Physicochemical properties namely pH, moisture,
total ash, acid-insoluble ash content, and elemental
studies of leaves of Holigarna ferrugenia, Holigarna
grahamii and Holigarna nigra were determined using
standard protocols.

Determination of moisture content

The moisture content of leaf powder of the plants was
determined by the weight difference method as
mentioned in the protocol of (14). A known quantity
of the powdered leaf material (10 g) was spread
uniformly in a pre-weighed weighing dish and was
heated in an oven at about 105°C. Till the constant
weight is formed. The weighing dish was cooled and
weighed again. The content of moisture (%) was
calculated using the following formula:

Loss of weight

Moisture (%) = X100

Weight of sample
Determination of total ash content

A known quantity of the powdered leaf material (1 g)
was placed in a pre-weighed silica crucible and was
ignited to constant weight by gradually raising the
temperature to about 750°C - 760 °C until leaf material
turns to white colour which indicates the absence of
carbon (14). The crucible was cooled and weighed.
The content of total ash (%) was calculated using the
formula:

Weight of ash

0 =
Total ash (%) Weight of sample

X100

Determination of acid-insoluble ash content

To the crucible containing total ash, 25 ml of 2N HCI
was added, covered with a watch glass, and gently
boiled for 5 minutes. The crucible was cooled and the
acid-insoluble content of the ash was collected on ash
less filter paper. The filter paper was washed
repeatedly with hot water until the filtrate is neutral in
reaction. The filter paper with acid insoluble material
was taken in a pre-weighed crucible, dried on a hot
plate, ignited to a constant weight, cooled, and
weighed (14, 15). The acid insoluble ash (%) content
was calculated using the formula:

Weight of ash

cid insoluble ash (%) Weight of sample

X100

Determination of pH

A 5 % w/v aqueous solution of leaf materials was
prepared and the pH of solutions was determined using
a calibrated digital pH meter by following the method
described by AOAC (16). The pH meter was
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calibrated using pH 4, 7, and 9 standard solutions
before determination of pH of the sample.

Determination of the elemental constituent of H.
ferrugenia, H. grahamii, and H. nigra

The standard calibration curve method was used to
determine the elemental contents (17, 18). 5 g of air-
dried sample in an evaporating dish was placed in an
oven at 80°C and dried to a constant weight. The
sample was placed in a weighing crucible and ignited
at 500°C in a hot spot furnace for three hours. The ash
material was prepared for the determination of trace
element. A portion of 5gm of the ash sample was
digested by heating for two min with a mixture of 10
mL each of nitric acid (HNO3), HCI and a perchloric
acid in a 500 mL flask. The aliquot obtained was
mixed with 10 mL of 2M HNO; and 30 mL of
deionised water in a 100 mL volumetric flask. The
volume was made up to zero mark with distilled water.
Similar procedure was followed for blank sample and
standard solution for the various elements. All samples
placed in a plastic container and stored in a refrigerator
maintained at 4 °C prior to analysis. Flame emission
spectrometer (Systronics "Model 128) was used to
determine sodium (Na) and potassium (K)
concentrations. Other elements, iron (Fe), Chromium
(Cr), lead (Pb), zinc (Zn), and were determined by
atomic absorption spectrometry with (GBC Avanta) at
the appropriate wave-length, temperature and lamp
current for each element (19).

Preparation of aqueous extracts of H. ferrugenia,
H. grahamii, and H. nigra for phytochemical
screening and anti-oxidant activity

Plant leaves of H. ferrugenia, H. grahamii, and H.
nigra were washed thoroughly in running tap water
followed by distilled water to remove the dirt, and
dried under shade. The shade dried materials were
grinded into a fine powder using electric blender. The
50 grams of powder was mixed with 500ml of water
and kept in a shaker incubator for 24 hrs. Temperature
was maintained at 37°C and the incubator was set to
150 rpm. The extract was filtered using a muslin cloth
followed by Whatman no. 1 filter paper. The filtrate
was evaporated in hot air oven at 50°C till dryness and
residue was scrapped and stored at 4°C until further
use.

Phytochemical screening

The aqueous extracts of H. ferrugenia, H. grahamii,
and H. nigra were subjected to preliminary
phytochemical screening following standard methods
in order to find out the presence of following
constituents (20-23).

Total phenolic content assay

The total phenolic content (TPC) of each extract was
determined by Folin-Ciocalteu’s colorimetric method
as described earlier (24). Total phenolic contents were
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expressed as mg of gallic acid equivalents per mg of
the extract.

Total flavonoids content assay

The total flavonoid contents of the extracts were
determined using the aluminium chloride assay (25).
Total flavonoid contents were expressed as mg of
quercetin equivalents per mg of the extract (QUE)/mg
extract.

Total alkaloids content assay

The total alkaloid content of the extracts was
determined using Harborne (1973) method (20). The
alkaloid content was calculated in percentage.

Total saponin content assay

The total saponin content of the extracts were
determined according to Nahapetian and Bassiri
protocol (26). The saponin content was calculated in
percentage.

Assessment of in vitro antioxidant activity

e Ferric ion reducing antioxidant power (FRAP)
assay

The FRAP assay was conducted according to Benzie
and Strain method with slight medications (27). Plant
extract of test material in different concentrations
ranging from 100pg to 500pg /ml were mixed with 2.5
mL of 0.2 mM phosphate buffer (pH 7.4) and 2.5 mL
of potassium ferricyanide [1% weight/volume (W/V)].
The resulting mixture is incubated at 50°C for 20
minutes, followed by the addition of 2.5 mL of
trichloroacetic acid (10% W/V) and centrifuged at
3000 rpm for 10 minutes. Then, 2.5 mL of distilled
water was added and later 0.5 mL of ferrous chloride
(0.1% WI/V). Finally, the absorbance was measured at
700 nm. Ascorbic acid was used as positive reference
standard.

e Phosphomolybdenum (PM) assay

The total antioxidant activity was estimated by
phosphomolybdenum (PM) assay using the standard
procedure of (28). Plant extract of test material in
different concentration ranging from 100ug to
500ug/ml were added to each test tube individually
containing 3 mL of distilled water and 1 mL of
molybdate reagent solution. These tubes were kept
incubated at 95°C for 90 minutes. After incubation,
they were kept at room temperature for 20-30 minutes
and the absorbance were measured at 695 nm.
Ascorbic acid was used as the reference standard.

o 2 2-Diphenyl-1-picrylhydrazyl
scavenging ability (DPPH) assay

radical

Free radical scavenging effect of plant extract was
determined using the 2-diphenyl- 1picrylhydrazyl
(DPPH) with slight medications of the method
described by (29). Briefly, the concentrations (100-
500ug/ml) of extracts were prepared. DPPH solution
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(0.004%) was prepared in ethanol and 1 ml of this
solution was mixed with the same volume of aqueous
leaf extracts and standard ascorbic acid solution
separately. The mixture was kept for incubation for 30
minutes in the dark under room temperature and the
optical density was measured at 517 nm. The level of
DPPH purple decolorization to DPPH yellow
confirmed the scavenging efficiency of the extract.
Lower absorbance of the reaction mixture indicated
higher free radical-scavenging activity.

DPPH scavenging activity (%) = AC-AT/ACx 100

Where AC- is the absorbance of the control reaction (1
ml of ethanol with 1 ml of DPPH solution), AT - is the
absorbance of the test sample. The results were
analysed in triplicate. The ICsy value is the
concentration of sample required to inhibit 50% of the
DPPH free radical.

Statistical analysis

All experiments were performed in triplicate and the
results were shown as mean + SD. The statistical
significance for the biological activity assays was

.. plant species of Western Ghats

evaluated using an ANOVA test with Tukey’s
Multiple Comparison by GraphPad Prism 5 program
(ANOVA, p-values less than 0.05).

RESULTS
Qualitative and quantitative phytochemical
analysis
The results of qualitative and quantitative

phytochemical screening tests obtained from aqueous
extracts of H. ferrugenia, H. grahamii, and H. nigra
showed the presence of flavonoids, alkaloids, saponins
and phenolic compounds (Table 1 and 2). The highest
phenolic contents appeared in the aqueous crude
extract of H. nigra followed by H. ferrugenia and H.
grahamii extract. It was found that H. ferrugenia and
H. nigra species contain higher amounts of flavonoids
than H. grahamii species. All 3 species of Holigarna
exhibited saponin content. It was also determined that
H. ferrugenia species contained highest saponin
compounds followed by H. nigra and H. grahamii
whereas highest alkaloid content was seen in H. nigra
when compared to H. ferrugenia and H. grahamii.

Table 1: Preliminary phytochemical analysis of aqueous extracts of H. ferrugenia, H. grahamii, and H. nigra

Phytochemical tests H. ferrugenia H. grahamii H. nigra
Tannins + + +
Saponins + + +

Flavonoids + + +
Alkaloids + + +
Glycosides - + +

Cardiac glycosides + + +

Terpinoids - + +
Steroids + + +
Phenols + + +
Resin - - -

+ = positive test; - = negative tests.

Table 2: Quantitative analysis of aqueous extracts of H. ferrugenia, H. grahamii, and H. nigra

HN HF HG
Total alkaloid (mg/g) 15.033+£0.208 | 5.306+0.136 5.8+1.2
Total saponin (mg/g) 10+2 25.466+0.702 3.8+0.6
Total Phenol (mg GAE/g extract) 0.526+0.011 0.410+£0.014 | 0.233+0.009
Total Flavonoid (mg QE/g extract) 0.109+0.038 0.125+0.025 | 0.105+0.027

Values are mean of triplicate determination (n =3) + standard deviation; GAE—Gallic acid equivalents; QE- Quercetin

equivalents.

Physicochemical investigation revealed that moisture
and total ash content was highest in H. grahamii
whereas pH was found to be abundant in H. nigra
while H. ferrugenia showed better acid insoluble ash
property when compared with other species of same
genus Holigarna. Similarly, elemental studies
displayed the presence of various micro and macro

elements present in H. ferrugenia, H. nigra and H.
grahamii. It was commonly seen in all plants that
potassium was found in huge concentration compared
to other elements while chromium, nickel and lead
were below detectable level in all plants (Table 3 and
4).

Table 3: Physicochemical properties of H. ferrugenia, H. grahamii, and H. nigra

HN HF HG
Moisture (%) 6.73+0.489 | 5.566+0.126 | 6.79+0.290
pH 4.70+£0.210 | 4.476+0.251 | 4.56+0.383
Total Ash 6.09+0.290 | 6.433+0.351 | 6.75+0.317
Acid insoluble ash 0.466+0.061 | 0.513+0.015 | 1.47+0.226
Each value is presented as Mean £SEM (n=3)
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Table 4: Estimation of micro and macro elements of H. ferrugenia, H. grahamii, and H. nigra

HN HF HG
Sodium (mg/L) 6.826+0.338 6.650+0.595 3.45+0.0462
Potassium (mg/L) 74.67+3.486 62.706+1.311 59.24+0.2.35
Zinc (mg/L) 0.074+0.008 0.117+0.006 0.085+0.005
Iron (mg/L) 0.356+0.015 0.480+0.013 0.52+0.046
Chromium (mg/L) BDL BDL BDL
Lead (mg/L) BDL BDL BDL
Nickel (mg/L) BDL BDL BDL

Each value is presented as mean+SEM (n=3); BDL — Below detectable level.

Antioxidant activity of plants

In this study, DPPH, FRAP and PM methods were
used to analyse the antioxidant activity of H.
ferrugenia, H. grahamii, and H. nigra. It was found
that the aqueous crude extracts of Holigarna grahamii
showed stronger FRAP activity compared to H. nigra
and H. ferrugenia (Fig. 1). When the radical
scavenging activities of the three plants were

E&A AHN

Absorbance

compared, H. nigra species was found to have higher
DPPH (ICso valuce: 128.8ug/mL) followed by H.
ferrugenia (1Cso value: 213.1 pg/mL) and H. grahamii
(ICso value: 422.7 pug/mL) in this study (Fig. 2). PM
activity showed good result for H. nigra as well
followed by H. ferrugenia and H. grahamii (Fig. 3). In
addition, ascorbic acid was used as standard in this
study.

FRAP Assay
E3 AHF

B AHG oo AS

il

)

Concentration p1 g/mL

Fig. 1: FRAP activity of aqueous extract of root H. ferrugenia, H. nigra and H. grahamii. Each value is expressed as means + standard
deviation.

DPPH Assay
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Fig. 2: DPPH scavenging activity of aqueous extract of root H. ferrugenia,H. nigra and H. grahamii. Each value is expressed as means +
standard deviation. Concentration (pg/ml) taken on x-axis and % inhibition taken on y-axis.
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Phosphomolybdenum assay
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Fig. 3: PM activity of aqueous extract of root H. ferrugenia, H. nigra and H. grahamii. Each value

DISCUSSION
In recent years, herbal medicines have received large
attention due to the presence of various

phytoconstituents with multiple pharmacological
properties. In the present study, Holigarna species
showed the physicochemical and elemental properties.
The secondary metabolites such as phenolic
compounds, flavonoids, alkaloids act as antioxidants
and scavenge free radicals as well as protect against
oxidative degenerative diseases.

Oxidative stress is caused by an imbalance between
free radical production and antioxidant defence and
also plays a role in a variety of chronic diseases.
Studies have shown that bioactive compounds provide
protective effects against oxidative stress (30-32). The
antioxidant activity of aqueous extract was evaluated
by DPPH radical scavenging assay. The experimental
data showed that all 3 species of Holigarna have good
radical scavenging property and higher antioxidant
capacity was found in H. nigra. The potential DPPH
radical scavenging activity observed in this study may
be due to the presence of these secondary metabolites
in the extracts. These findings may mediate through
any of the above signalling pathways (33). Our
observation is in agreement with the studies of
Izuegbuna et al., (34). In a study by Johora et al., the
antioxidant activity of methanolic extract of F.
racemosa was studied. They reported that the
scavenging activity of F. racemosa from leaves and
bark extracts was 48.54701% and 73.46154%,
respectively (35). Antioxidant compounds originating
from plants can reduce the formation of free radicals
and can lessen the diseases initiated by oxidative stress
(36). From the above results, it is observed that
aqueous extracts of all 3 Holigarna species have good
antioxidant properties. The flavonoids, alkaloids and
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is expressed as Mean + standard

phenolics compounds obtained from remedial herbs
might be responsible for antioxidative property of
plants.

CONCLUSION

The plant screened for phytochemical constituents
seemed to have the potential to act as a source of useful
drugs and also to improve the health status of the
consumers as a result of the presence of various
compounds that are vital for good health. Despite
being tagged as toxic plant species, Holigarna species
possesses a good quality of phytochemicals which
directly or indirectly help in the health maintenance of
living beings. In this study, the assessment of
antioxidant activity indicates that wild leafy plants
with higher phenolic and flavonoid contents could be
a significant source of natural antioxidants. Although
the parameters used in this study were not disease-
specific, the quantification of antioxidant properties
can serve as a guide for the use of these plants for
ROS-related diseases. The selected plants with high
antioxidant activity might be proposed for impeding
toxic oxidation in nutraceuticals or drugs for the
treatment of coronary diseases. Their anti-oxidant
activity may be due to the phytochemicals present in
the plants. Further work is required to fully elucidate
the phytochemicals responsible for this action so that
isolation and identification of responsible bioactive
components will help in understanding their
mechanisms of action, for future herbal drug
formulations.
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