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ABSTRACT

Recent research has underscored the importance
of conducting a comprehensive assessment of
medicinal plants owing to their therapeutic
capabilities.  This study investigates the
phytochemical composition, antioxidant potential,
and hepatoprotective properties of Andrographis
paniculata (Burm. f.) Nees.. Fresh leaves of
Andrographis paniculata (Burm. f.) Nees. were
gathered from Tamana Ghat, Kukudakhandi
Block, in the Ganjam district of Odisha state and
the leaf extract was prepared using methanol and
ethanol as solvents. Qualitative phytochemical
analysis indicated the presence of alkaloids,
phenol, terpenoid, steroid, tannin and protein across
all extracts. The total phenolic content in the
methanol extract was measured as 177 &+ 0.34 mg/g
GAE, while in the ethanol extract it was 152 +
0.99 mg/g GAE. The flavonoid concentration in
the methanol fraction was found to be 129.33 +
0.05 mg/g RUE and in the ethanol fraction, it was
11459 + 0.86 mg/g RUE. The free radical
scavenging activity of A. paniculata extract
against 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
and hydrogen peroxide (H,O,) radicals was
assessed using a UV-vis spectrophotometer. The
IC50 values for the methanolic and ethanolic
extracts in DPPH were 380.19 and 395.89 png/mL,
respectively, while the IC50 value for ascorbic
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acid was 278.53 pg/mL. Conversely, the IC50 value
for the hydrogen peroxide (H,O,) radical was
higher for the methanolic extract at 385.82 pug/mL
compared to the ethanolic extract at 398.24 pg/mL.
In conclusion, the methanolic extracts of the plant
exhibited the highest potency in achieving 50%
inhibition, demonstrating a strong correlation with
total phenolic content. The findings of this study
clearly indicate that A. paniculata extracts are
a valuable source of phytochemicals and exhibit
significant antioxidant and free radical scavenging
activities.

KEYWORDS: Andrographis paniculata, antioxidant
activity, DPPH, free radical scavenging assay.

1. INTRODUCTION

Andrographis paniculata (Burm. f.)) Nees.,
(Figure 1) commonly referred to as the “King of
Bitters” or “Creat” or “Green Chirayta,” is a
significant medicinal plant that belongs to the
Acanthaceae family. This well-known annual
herbaceous crop possesses remarkable therapeutic
properties [1] and is extensively cultivated and
utilized in South Asia, particularly in India and
China. In Ayurvedic medicine, it ranks among
the most frequently employed plants [2]. This
resilient and upright herb primarily grows as an
under-shrub in tropical, moist deciduous forests. It
features glabrous leaves measuring approximately
8.0 cm in length and 2.5 cm in width, along with
white flowers adorned with rose-purple spots on
the petals [3]. The stem is dark green, reaching
heights of about 0.3 to 1.0 m and having a
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diameter of 2 to 6 mm [4]. Some of its local
names include Chuan xin Lian (Chinese),
Kalmegh (Urdu), Kirayat (Hindu), Aluy
(Philippines), Andrographis (Spanish/Russian),
Senshinren (Japanese), and India echinacea
(Indian) [5-7]. It is referred to as Bhui-neem,
which translates to “neem of the ground,” as this
small annual herb shares a similarly strong bitter
taste with the large Neem tree [8]. In Malaysia,
it is known as Hempedu Bumi, meaning ‘bile of
earth,” due to its status as one of the most bitter
plants used in traditional medicine. Locally, it is
sometimes called ‘Ewe Jogbo’ (Jogbo leaf)
because of its bitterness, but it is popularly known
as ‘Mejemeje’ (seven-seven) among the Yoruba-
speaking population in Nigeria. This name arises
from the typical dosage, which consists of seven
leaves consumed raw once or twice daily for
about five days to treat febrile illnesses or chronic
debility, as well as for managing hypertension [9].
The parts of the plant that are primarily utilized
for medicinal purposes are the leaves and roots.
A. paniculata contains several chemical constituents,
including diterpenes, flavonoids, terpenoids,
lactones, alkanes, alkaloids, glycosides, tannins,
saponins, ketones, aldehydes, paniculides, farnesols,
polyphenols, arabinogalactan, and various sub-
units of andrographolides [4, 10, 11]. For many
years, A. paniculata has been reported to
effectively treat a variety of diseases, including
skin infections, herpes, dysentery, fever, sore throat,
lower urinary tract infections, gastrointestinal
tract infections, upper respiratory tract infections,
inflammation, diarrhoea, pneumonia, tonsillitis,
gastroenteritis, pyelonephritis, and laryngitis
[12, 13]. It has also been utilized as an immune
system enhancer and for managing numerous
chronic infections [3, 14]. Additionally, its
hepatoprotective properties have been documented
[15]. Furthermore, it has been recognized as an
antidote for snakebites and venomous insect
stings [13, 16], as well as an anti-diabetic and
anti-malarial agent [17]. However, potential
adverse effects may include gastric instability,
loss of appetite, diarrhoea, metallic taste, and
allergic reactions; thus, it is not advised for use
by pregnant women [18]. Various solvent extracts
of A. paniculata have also been noted for a
broad range of pharmacological activities, which
encompass antiviral, choleretic, hypoglycaemic,

hypocholesterolaemia, antimicrobial, antioxidant,
anti-inflammatory, immunological, antivenomous,
antithrombotic, anticancer, and antimalarial
properties [19-22]. Recently, the primary alkaloid
found in A. paniculata, andrographolide, has been
confirmed to exhibit anti-HIV activity [3].

While numerous pharmacological effects of
different solvent extracts of Andrographis
paniculata have been documented, there is a lack
of literature addressing the antioxidant and
antimicrobial properties of the various solvent
fractions derived from the crude methanol extract
of its leaves; thus, this study is warranted.

2. MATERIALS AND METHODS

2.1. Plant collection

The plant materials utilized for this study were
gathered from the Berhampur area. Fresh, healthy,
and disease-free twigs were cut from various
plants located at the working site. Subsequently,
the gathered plant materials underwent several
processing steps. The chosen plant sample is
Andrographis paniculata (Burm. f) Nees.
(family- Acanthaceae) (Figure 1).

2.2. Chemicals

Methanol, ethanol, ferric chloride, sodium
hydroxide, glacial acetic acid, chloroform,
concentrated sulphuric acid, acetic anhydride,
Fehling solution (A & B), potassium dichromate,
diluted hydrochloric acid, and concentrated nitric
acid were utilized. All chemicals, including
solvents, were of analytical grade. The 1,1-
diphenyl-2-picryl-hydrazyl radical (DPPH), gallic
acid, Folin-Ciocalteu reagent, and ascorbic acid
were procured from Himedia (Berhampur,
Odisha, India). All other chemicals and reagents
employed were of the highest commercially
available purity.

2.3. Processing of plant samples

The leaves were first detached from the main
body of the plant and washed with distilled
water. Subsequently, the leaves were dried in a
microwave oven in the laboratory and then ground
into a fine powder using an electronic grinder.
The powder was stored in polythene bags and was
utilized for all extraction processes.
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Figure 1. A flowering twig of A. paniculata (Burm. f.) Nees..

2.4. Solvent extraction

2.4.1. Methanol and ethanol extract

A total of 100 g of the powdered material was
extracted using methanol and ethanol (500 mL)
via a Soxhlet apparatus. Following extraction, the
filtrate was concentrated by evaporation in a water
bath under normal pressure. The dried extracts
were weighed to calculate the percentage yield of
the soluble constituents using the formula:

Weight of dryextract y
Weight of extraction

% Yield = 100

The dried extracts were stored at 4 °C for further
investigation into their potential in vitro free
radical scavenging activity.

To identify different bioactive chemicals, a
qualitative examination of the methanolic and
ethanolic extract was carried out using established
qualitative techniques [23, 24].

1.  Alkaloid test: One millilitre of Mayer’s
reagent and a few drops of iodine solution
were added to one millilitre of the extract.
A yellow precipitate formation confirms the
presence of alkaloids.

2. Terpenoid test: One millilitre of concentrated
H,SO, was added to one millilitre of crude
extract, and the mixture was heated for

two minutes. The presence of terpenoids is
indicated by a greyish hue.

Phenol and Tannin test: 2% of 1 mL FeCls
was added to 1 mL of the crude extract. The
presence of phenols and tannins is indicated
by a blue-green or black hue.

Reducing sugar test: One millilitre each of
Fehling’s A and B solutions were added to
one millilitre of the extract. The development
of red color confirms the presence of sugar.

Saponin test: After adding 2 mL of distilled
water to 1 mL of the extract and giving it
a good shake, the presence of saponins is
indicated by the production of a 1 cm layer
of foam.

Protein test: A few drops of HNO; were
added to one millilitre of the extract. The
presence of proteins is shown by the
development of a yellow hue.

Steroid test: Concentrated H,SO,4 was added
sidewise to 1 mL of the extract and 1 mL
of chloroform. The presence of steroids is
indicated by the development of red colour
in the lower chloroform layer.

Anthocyanin test: Two mL of the extract was
mixed with two mL of 2N HCI and NHj; the
presence of anthocyanins is indicated by the
appearance of pink-red to blue-violet.
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9. Coumarin test: 2 mL of the extract was
mixed with 3 mL of 10% NaOH; the
presence of coumarin is indicated by the
development of a yellow colour.

10. Leucoanthocyanin test: Five mL of isoamyl
alcohol was added to five mL of the aqueous
extract; the presence of leucoanthocyanins is
indicated by the upper layer turning red.

11. Glycoside test: Two mL of glacial acetic
acid containing two to three drops of FeCl;
was added to one mL of the plant extract.
A positive glycoside test is indicated by a
brown ring.

2.5. Calculating the total phenolic content

The modified FolinCiocalteu technique [25] was
used to determine the extract’s total phenolic
content. To summarize, 5 mL of FolinCiocalteu
reagent (diluted 1:10 with distilled water) and
4 mL of sodium carbonate (75 g/L) were mixed
with 0.5 mL of both the extracts. After 15 seconds
of vortexing, the mixture was left at 40 °C
for 30 minutes to develop color. A double
beam Analykjena UV/Visible spectrophotometer
(Model 205, Jena, Germany) was used to detect
the absorbance at 765 nm. Using the formula
obtained from a typical gallic acid calibration
curve, the total phenolic content was determined
as micrograms of gallic acid equivalent per gram:
y=6.91x —0.093, R2=0.9972.

2.6. Calculating the total flavonoid content

The total flavonoid content of A. paniculata leaf
samples was measured using the colorimetric
technique with aluminium chloride [26]. Each
extract and fraction (0.5 mL, 181:10 gm/L) in
methanol and ethanol was mixed separately with
2.8 mL of distilled water, 0.1 mL of 10%
aluminium chloride, 0.1 mL of 1M potassium
acetate, and 1.5 mL of methanol and ethanol. The
absorbance was measured at 415 nm after the
mixture was let to stand at room temperature for
30 minutes. Using the formula obtained from a
standard quercetin calibration curve, the total
flavonoid content was determined as pg of
quercetin equivalent per gram: y = 4.698x + 0.0495;
R2=10.9273.

2.7. Scavenging action of 1, 1-Diphenyl-2-
picryl-hydrazyl radical (DPPH)

The DPPH assay was used to evaluate the
methanolic and ethanolic extracts’ capacity to
scavenge free radicals [27]. A final DPPH
concentration of 0.2 mM was obtained by
mixingl mL of a methanolic and ethanolic
solution containing 1,1-Diphenyl-2-picryl-
hydrazyl (DPPH) radicals with varying amounts
of the methanolic and ethanolic extracts (1 mL).
The mixture was shaked well and let to stand for
half an hour and the absorbance at 517 nm was
measured. The ascorbic acid was taken as a
standard. The following formula was used to
determine the sample’s percentage of DPPH
decolorization:

% decolorization = (Abs. of control — Abs. of
sample / Abs. of control) x 100

2.8. The ability of hydrogen peroxide (H,0,)
radical scavenging activity

The extracts’ ability to scavenge hydrogen
peroxide (H,0,) was evaluated using the technique.
The hydrogen peroxide solution (40 mM) was
prepared using the phosphate buffer having
pH 7.4. Using a UV-visible spectrophotometer,
the concentration of hydrogen peroxide was
determined by absorption at 230 nm. After adding
extracts (100-500 pg/mL) in distilled water to
the hydrogen peroxide solution, the absorbance
at 230 nm was measured after 10 minutes in
comparison to a blank solution that contained
phosphate buffer but no hydrogen peroxide. The
standard was ascorbic acid.

3. RESULTS

The methanolic extract of the leaves of
A. paniculata (Burm. f.) Nees. consists of alkaloids,
phenols, terpenoids, steroids, glycosides, tannin,
protein, and carbohydrate compounds but
flavonoids and saponins were absent whereas in
ethanolic leaf extract alkaloid, flavonoid, phenol,
saponin, terpenoid, steroid, tannins and proteins
were present but glycoside and carbohydrate
were absent. This is based on the preliminary
phytochemical analysis done in vitro which is
shown in Table 1.
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Table 1. Result of phytochemical screening of leaf extract (methanol and ethanol) of Andrographis paniculate
(Burm. f) Nees. The “+” sign indicates presence and “—" sign indicates absence.

Phytochemicals Pres?,nce or absence of Preseflce or absence of
phytochemicals in solvent methanol phytochemicals in solvent ethanol
Alkaloids + +
Flavonoids - +
Phenol + +
Saponins - +
Terpenoids + +
Steroids + +
Glycosides + -
Tannins + +
Proteins + +
Carbohydrates + -
The crude extracts from the leaves of  exhibit 18.61%, 22.34%, and 23.91% inhibition at

A. paniculata (Burm. f.) Nees. was used for the
determination of total phenolic content by using
Foline Ciocalteu reagent [26]. The gallic acid
standard curve was used for the calculation of
total phenolic content (Figures 2 and 3).

The crude extracts from the leaves of
A. paniculata (Burm. f.) Nees. were used for
the determination of total flavonoid content by
using spectrophotometric method based on rutin
standard curve Quettier et al. [26]. The rutin
standard curve was used for the calculation of
total flavonoid content (Figures 4 and 5).

With a total phenolic concentration of 177 mg
GAE/g and a flavonoid content of 129.33 mg
RE/g, the methanolic extract of A. paniculata
exhibits a greater phytochemical richness. The
ethanolic extract has a higher bioactive potential
than the methanolic extract, with 152 mg GAE/g
phenolics and 114.59 mg RE/g flavonoids
(Table 2).

3.1. DPPH radical scavenging activity of
A. paniculata leaf extracts in different solvents

Antioxidant activity clearly increases with
concentration, according to the DPPH assay
results. Ethanolic, methanolic, and ascorbic acid

100 pg/mL. Inhibition rises to 44.01%, 42.91%,
and 53.72% at 300 pg/mL. Ascorbic acid exhibits
the greatest inhibition at 84.91%, demonstrating
its higher antioxidant strength, while ethanolic
and methanolic extracts achieved 56.03% and
56.32% at 500 pg/mL extract.

Ascorbic acid (278.53 ug/mL), which requires the
lowest concentration to achieve 50% inhibition, is
the most effective antioxidant, whereas methanolic
extract (380.19 ug/mL) has somewhat superior
antioxidant efficacy than ethanolic extract (395.89
pg/mL) (Table 3 and Figure 6).

3.2. H,0, radical scavenging activity of
A. paniculata leaf extracts in different solvent

The results demonstrate that for every sample,
H,O: inhibition rises steadily with concentration.
Ethanolic and methanolic extracts exhibit 21.45%
and 20.33% inhibition at 100 pg/mL, but ascorbic
acid exhibits a greater inhibition of 23.01%.
Inhibition increases to 41.09% (ethanolic), 42.91%
(methanolic), and 47.92% (ascorbic acid) at 300
ug/mL. Ascorbic acid exhibits the highest activity
at 63.11%, demonstrating its superior antioxidant
capacity, whereas ethanolic and methanolic extracts
achieve 56.52% and 56.12% at the highest
concentration, 500 pg/mL.
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Figure 2. Standard curve for total phenolic content taking gallic acid as standard (methanol).
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Figure 3. Standard curve for total phenolic content taking gallic acid as standard (ethanol).

Ascorbic acid (329.09 ug/mL) is the most potent,
requiring the lowest concentration to produce
50% inhibition, whereas the methanolic extract
(385.82 pg/mL) has somewhat better antioxidant
activity than the ethanolic extract (398.24 pg/mL),
according to the ICs, values (Table 4 and Figure 7).

4. DISCUSSION

The present study examined the phytochemical
composition and antioxidant potential of
Andrographis paniculata leaf extracts prepared
using methanol and ethanol as solvents.
The findings collectively demonstrate that
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Figure 4. Standard curve for total flavonoid content taking rutin as standard (methanol).
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Figure 5. Standard curve for total flavonoid content taking rutin as standard (ethanol).

A. paniculata is a rich source of bioactive  4.1. Phytochemical composition

phytochemicals and possesses significant free L . .
radical scavenging activity, with methanolic Qualitative phytochemical screening revealed the

extracts showing superior efficacy across most  Presence of multiple secondary metabolites such
parameters. as alkaloids, phenols, tannins, terpenoids, steroids,
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Table 2. Total phenolic and flavonoid contents of methanolic and ethanolic leaf extract of the plant

A. paniculata. Values are expressed as mean =+ standard deviation (n = 3).

A. paniculata Total phenolic content mg/g, Total flavonoid content mg/g,
leaf extract plant extract (in GAE) plant extract (in RE)
Methanolic 177+ 0.34 129.33 £ 0.05

Ethanolic 152 +0.99 114.59 +£0.86

Table 3. DPPH scavenging activity (Inhibition percentage) of A. paniculata leaf extracts in different solvents.

. Inhibition% of DPPH by leaf extract
Concentration
(ng/mL) . . N
Methanolic Ethanolic Ascorbic acid
100 22.34 18.61 2391
200 30.44 30.45 38.01
300 4291 44,01 53.72
400 51.98 49.43 64.97
500 56.32 56.03 84.91
—8— Ethanolic extract A
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Figure 6. Graphical representation of inhibition % of DPPH radical scavenging
activity of different solvent leaf extracts of A. paniculata.
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Table 4. Scavenging activity (Inhibition percentage) of H,O, by different extracts.

. Inhibition % of H,0, by leaf extract
Concentration
(ng/mL) . . L
Methanolic Ethanolic Ascorbic acid
100 20.33 £ 0.89 21.45+0.89 23.01 £0.15
200 29.17+£0.19 30.24 £0.19 33.11 £0.19
300 4291 +0.69 41.09 £ 0.69 4792 +£0.12
400 51.17+£0.25 50.16 £ 0.25 55.07 £0.59
500 56.12 +1.08 56.52 £ 1.08 63.11 £0.12
=—@= Ethanolic extract Y
604 == Methanolic extract L
-4+ Ascorbic acid '
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Figure 7. Graphical representation of H,O, radical scavenging activity of A. paniculata leaf

extracts in different solvents.

glycosides, proteins and carbohydrates in methanolic
leaf extract but absence of flavonoid and saponins
whereas in ethanolic leaf extract the presence of
alkaloid, phenols, saponins, terpenoids, steroids,
tannins but absent of glycoside and carbohydrate.
These compounds are well known to contribute to
a plant’s therapeutic and antioxidant properties.
The presence of such diverse groups of compounds
is consistent with previous reports on A. paniculata,
which also highlight its high medicinal value.

Interestingly, saponins and flavonoids were not
detected in the qualitative screening. However,
quantitative assays confirmed substantial levels
of flavonoids in both extracts. This discrepancy
may be attributed to the lower sensitivity
of qualitative tests compared to quantitative
spectrophotometric ~ methods.  Overall, the
phytochemical profile supports the traditional use
of A. paniculata in managing oxidative stress—
related disorders.
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4.2. Total phenolic and flavonoid content

The methanol extract exhibited markedly higher
total phenolic (289 + 0.85 mg/g GAE) and
flavonoid content (263 = 0.75 mg/g RUE)
compared to the ethanol extract (272 + 0.99 mg/g
GAE and 249 + 0.86 mg/g RUE, respectively).
Since phenolic compounds and flavonoids are
potent antioxidants due to their redox properties,
the superior phenolic and flavonoid content in
the methanolic extract correlates strongly with its
enhanced radical scavenging activity.

Methanol’s higher polarity likely accounts for
its better extraction efficiency. Similar trends
have been observed in previous studies, where
methanol frequently outperformed other solvents
in recovering antioxidant compounds from plant
materials.

4.3. DPPH radical scavenging activity

DPPH assays revealed dose-dependent increases
in free radical scavenging capacity for both
methanolic and ethanolic extracts. The methanolic
extract demonstrated a lower ICso value (380.19
ug/mL) relative to the ethanolic extract (395.89
pg/mL), indicating stronger antioxidant activity.
This again aligns with its higher phenolic and
flavonoid content. However, both extracts were
less potent than the standard antioxidant, ascorbic
acid (ICso = 278.53 pg/mL), which is expected
due to the higher purity and stronger reducing
power of the synthetic standard.

The observed trend mirrors previous research
reporting that extracts rich in phenolic compounds
generally exhibit superior DPPH radical scavenging
activity.

4.4. Hydrogen peroxide (H20:) scavenging
activity

Both extracts were capable of scavenging
hydrogen peroxide in a concentration-dependent
manner. The methanolic extract (ICso = 385.82
ug/mL) again performed better than the ethanolic
extract (ICso = 398.24 pg/mL), although ascorbic
acid exhibited considerably greater activity (ICso =
329.09 pg/mL). Hydrogen peroxide itself is not
highly reactive, but it can generate highly toxic
hydroxyl radicals (OHe¢) in the presence of metal
ions through the Fenton reaction. Therefore, the

ability of A. paniculata extracts to quench
H20: suggests their potential role in preventing
oxidative stress—related cellular damage.

4.5. Correlation between phytochemicals and
antioxidant activity

The overall antioxidant potential of A. paniculata
extracts displayed a positive correlation with their
phenolic and flavonoid content. The phytochemical
content in methanol extract is higher than that in
ethanol extracts and correspondingly demonstrated
stronger radical scavenging activity. This
relationship reinforces the well-established role of
phenolics and flavonoids as key contributors to
antioxidation through mechanisms such as:

e hydrogen atom donation
e clectron transfer

e singlet oxygen quenching
e metal ion chelation

These results confirm that A. paniculata leaves
are a strong natural source of antioxidants.

4.6. Comparison with previous studies

The findings are consistent with earlier reports
documenting the antioxidant properties of A.
paniculata. Many researchers have highlighted
andrographolide and related diterpenoids as major
contributors to the plant’s biological activities,
including hepatoprotective and anti-inflammatory
effects. Additionally, studies using different
solvent systems have similarly shown that
methanolic extracts generally possess a stronger
antioxidant profile compared to ethanolic extracts.

The slight variation in ICso values compared to
other studies may be due to differences in plant
origin, climatic conditions, extraction temperature,
sample concentration, and solvent polarity.

4.7. General implications

The strong antioxidant potential of A. paniculata
suggests its usefulness in preventing oxidative
stress—induced damage, which plays a major role
in chronic conditions such as aging, cancer,
flammation, diabetes, and cardiovascular disorders.
Its high phenolic content also supports its use in
formulations aimed at improving liver function,
immunity, and metabolic stability.
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4.8. Antioxidant and radical scavenging
activity

The antioxidant potential of the extracts w
evaluated using DPPH and hydrogen peroxide
(H203) radical scavenging assays. In both assays,
the methanolic extract exhibited superior activity
compared to the ethanolic extract, showing lower
ICso values in the DPPH assay (380.19 pg/mL
vs. 395.89 ug/mL) and the H:0: assay (385.82
pg/mL vs. 398.24 pg/mL). The lower the ICso
value, the stronger the antioxidant activity,
indicating that the methanolic extract was more
efficient in neutralizing free radicals.

However, ascorbic acid, used as the standard
antioxidant, demonstrated significantly stronger
activity than both extracts, confirming its
well-established potency. Still, the extracts—
particularly the methanolic fraction—showed
noteworthy radical scavenging effects, suggesting
that A. paniculata contains compounds with
strong antioxidative properties.

The correlation between high phenolic content
and enhanced antioxidant activity aligns with
numerous studies that emphasize the contribution
of phenolic groups to redox activities, including
free radical quenching, hydrogen donation, and
metal ion chelation.

4.9. Comparison with previous studies

Earlier studies have also reported the antioxidant
potential of A. paniculata extracts (Shalini and
Narayanan, 2015; Hosamani et al., 2011). The
ICso values reported here fall within a similar
range, although variations in solvent type,
extraction method, geographic location of plant
material, and environmental conditions may
influence the exact values. The strong antioxidant
activity of A. paniculata is often attributed to
andrographolide and related diterpenoid lactones,
but phenolics and flavonoids also play a key role.

4.10. Biological significance

Reactive oxygen species (ROS) such as DPPH
and H:O. are known to cause oxidative stress,
leading to cellular damage, inflammation, and
various chronic diseases. The ability of A.
paniculata extracts to effectively scavenge these
radicals highlights their therapeutic potential as
natural antioxidant agents. This supports their

traditional use in treating inflammatory conditions,
infections, liver disorders, and febrile illnesses.

4.11. Overall interpretation

Overall, the results indicate that Andrographis
paniculata is a rich source of antioxidant
phytochemicals, particularly phenolics and
flavonoids. Methanol proved to be a superior
extraction solvent, yielding the highest concentration
of bioactive compounds and the strongest radical
scavenging activity. These findings validate the
medicinal importance of A. paniculata and
suggest that the methanol extract, in particular,
may have potential applications in herbal
formulations aimed at combating oxidative stress-
related disorders.

5. CONCLUSION

The present investigation concludes that
Andrographis paniculata (Burm. f.) Nees. leaves
possess significant antioxidant activity, strongly
supported by their rich phytochemical composition.
Methanolic and ethanolic extracts emerged as the
most potent, showing strong DPPH and H:O:
radical scavenging abilities that correlate with
their high phenolic and flavonoid levels. Overall,
A. paniculata represents a promising natural
source of antioxidant compounds with potential
applications in herbal medicine, nutraceutical
development, and therapeutic formulations.

The present study also highlights the significant
phytochemical richness and antioxidant potential
of Andrographis paniculata leaf extracts.
Qualitative analysis confirmed the presence of
essential bioactive compounds, including alkaloids,
phenols, tannins, terpenoids, steroids, glycosides,
and proteins, which contribute to the plant’s
medicinal value. Quantitative estimations revealed
that the methanolic extract contained higher levels
of phenolic and flavonoid compounds compared
to the ethanolic extract, reflecting the superior
extraction efficiency of methanol. Antioxidant
assays, including DPPH and hydrogen peroxide
scavenging tests, demonstrated dose-dependent
activity, with the methanolic extract showing
lower ICso values and thereby stronger free radical
scavenging ability. The results indicate that
phenolics and flavonoids play a major role in
the plant’s antioxidant properties. Overall, the
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study confirms that A. paniculata is a potent
natural source of antioxidants and supports its
traditional medicinal applications, suggesting
potential use in the development of herbal
formulations and therapeutic agents.
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