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Abstract

The increasing resistance among virulent pathogens and the toxicity of synthetic antibiotic has led to the quest for bioactive natural products
which are safe, potent, and affordable for therapeutic purpose. This study evaluated the antibacterial activities of polar and non-polar extracts from
Andrographis paniculata leaf (80, 120, 160 and 200 mg/mL) against Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, and Salmonella
typhi. Phytochemicals screening were conducted using standard procedures while the antibacterial activity was evaluated using agar well diffusion
technique. Results revealed the presence of alkaloid, phenol, flavonoids, steroids, terpenoids, and saponins in methanol extract while the N-Hexane
extract contains alkaloids, phenols, and steroids. Cardiac glycosides and tannins were absent in both extracts. Both extracts exhibited increase
growth inhibition of S. aureus, E. coli and S. typhi with increase extract concentration. Methanol extract exhibited higher activities (3.00+0.01 and
25.00£0.01 mm) than the hexane extract (3.00+0.01 and 20.00+0.01 mm). The MIC of methanol extract were 1.60, 0.32 and 0.32 mg/mL while
hexane extract recorded MIC of 8.0, 2.60 and 2.60 mg/mL against S. aureus, E coli and S. typhi respectively. Thus, Andrographis paniculata leaf might

be a useful tool in the future for pharmaceuticals antibiotics..

Keywords: Andrographis paniculate; Antibacterial activities; Phytochemicals; Polar; Non-polar solvents

Introduction

Infectious diseases remain the primary cause of mortality
and morbidity in developing countries, resulting in substantial
economic loss and threaten the attainment of the Sustainable
Development Goals (SDGs), which highlighted healthcare as one of
the topmost challenges for 2030 [1,2]. The re-current emergence of
drug-resistant pathogens and the toxicity of conventional synthetic
antibiotics [3], further necessitate the need for the discovery of
less toxic and yet potent natural alternatives, hence the continuous
screening of plants and other natural products for therapeutic
efficacy [4,5]. Medicinal plants have grown enormously from the
use of herbal products as natural cosmetics and as self-medication
by the general public scientific for their beneficial effects [6].

@ @ This work is licensed under Creative Commons Attribution 4.0 License|APPR.MS.ID.000539.

Medicinal plants still play important role in human and animal
health care and about 60% of the world’s population (and 80% of
Africa’s population) depend on herbal medicine for their primary
health care [7]. Many of these plants have been screened for their
phytochemical constituents and antimicrobial properties with
the view to authenticate their folkloric uses and safety [8]. Plants
have various phytochemical compounds and metabolites occurring
in the stem, roots, bark, leaves and have been implicated to have
therapeutic efficacy against man’s pathogens such as fungi and
bacteria [9]. Andrographis paniculata, commonly known as “king
of bitters,” is a shrub found in many countries of Africa, Asia, and
America. It has been well documented for treating diabetes, high
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blood pressure, skin diseases, influenza, dysentery, bronchitis,
leprosy, ulcer, flatulence [10]. Extract from the plant has been
reported to contain xanthones, flavonoids, diterpenes, noriridoides,
which have demonstrated antiprotozoal, anti-inflammatory,
antioxidants, immunostimulants, anti-diabetics, anti-angiogenic,
cytotoxicity, sex hormones functions [10,11]. Evidence from
published literature recently concentrated on the aqueous and
methanol extracts of Andrographis paniculata. The lack of current
information informed this study to elucidate the effects of polar
and non-polar bioactive extracts from A. paniculata against some
clinical bacteria isolates.

Materials and Methods

Collection and identification of the plant materials

Leaves of Andrographis paniculata were collected from the
Botanical garden of Federal University of Technology, Minna,
Latitude N9039°17.32608” and Longitude E6031’39.07164.” The
collected sample was identified at the Department of Plant Biology

of the Federal University of Technology, Minna.

Bacteria strains

The bacteria pathogens used in the antimicrobial activity
screening of the methanol and n-hexane extracts of Andrographis
paniculata were E. coli, Staphylococcus aureus, Streptococcus
pyogenes and Salmonella typhi. The test organisms were obtained

from Niger State General Hospital, Minna.

Processing and extraction of plant material

Freshly collected leaves of the A. paniculata were thoroughly
rinsed with distilled water and dried at room temperature for one
week; the dried leaves were then processed into powder form
using a clean electric blender. A 40g of the powder was extracted
using the Soxhlet apparatus with solvents methanol (160 ml) and
N-hexane (150 ml). The concentration of the extracts was done
using the reflux method, as described by [12]. The crude extracts
were weighed and preserved in a sterile air-tight universal bottle
and stored at 4° C [13].

Phytochemical screening

The crude methanol and hexane extracts of were analyzed for
qualitative phytochemical composition including; Alkaloid, phenol,
flavonoids, steroids, terpenoids, saponins, cardiac glycosides and
tannins using standard procedures Poongothai et al. Hosamani et
al. [14].

Culture and standardization of the bacteria strain

The clinical isolates of the test organism were plated out
on nutrient agar by streaking method, a loopful of the test
microorganisms were then transferred into 5ml of nutrient broth;
this was later incubated for 24 hours at 37°C. After incubation, 0.2
ml of the culture was transferred into 20ml of nutrient brought and
incubated for 3-5 hours to standardize the culture to 106 cfu/ml
Babayi et al.
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Antibacterial assay

The following bacteria: S. pyogenes, Salmonella typhi,
Staphylococcus aureus and Escherichia coli were the species
used for the experiments. Organisms were isolated by standard
methods, maintained on agar plates and refrigerated until further
use. The antibacterial activity of the methanol and hexane extract
of Andrographis paniculata at various concentrations (80, 120,
160 and 200 mg/ml) was carried out using agar-well diffusion
method according to the method of [15] as described by [16] For
comparison, Ampicillin and tween 80 oil were used as positive
and negative control respectively. Zones of inhibition obtained
were measured with meter rule in millimeter; 5 mm which is the
diameter of the used cork borer was subtracted from each measured
inhibition zones, the final result is taken as the zones of inhibition
[17]. A broth micro-dilution method [18] was used to determine

the minimum inhibitory concentration (MIC) of the extracts.

Data analysis

Data generated were analyzed using statistical package for
social science (SPSS) version 21. Differences between groups were
compared by analysis of variance (ANOVA) followed by Duncan'’s

Multiple Range Test. The significance level was considered P<0.05.
Result

Phytochemical composition andrographis paniculata

The phytochemical constituents of the methanol and N-Hexane
extract of A. panicaulata is presented in Table 1 Methanol extract
of Andrographis paniculata was found to contain alkaloid, phenol,
flavonoids, steroids, terpenoids, and saponins while the N-Hexane
extract contains alkaloids, phenols, and steroids. Cardiac glycosides
and tannins were absent in both extracts (Table 1).

Table 1: Phytochemical composition of the methanol and n-hexane
extract of Andrographis panculata.

Alkaloids + +
Cardiac Glycosides - -
Phenols + +
Tannins - -
Flavonoids + -
Steroids + +
Terpenoids + -
Saponins + -

Keys: + = Present, - = Absent.

Antibacterial activity

The zone of inhibition of m ethanol and N-hexane extracts of A.
paniculata on the tested organism is shown in Table 2,3 respectively.
Methanol extract of Andrographis paniculate inhibited the growth of
S. aureus, E. coli and S. typhi with inhibition zone range of 3.00+0.01
and 25.00%£0.01 mm. However, the extract was completely in active
against S. pyogenes. The inhibition zone of the extract against the

organism increase with increase extract concentration from 80 to
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200 mg/mL. the extract was more active against E. coli (6.00+0.01
mm to 25.00£0.01 mm), followed by S. typhi (10.00£0.00 mm and
22.00£0.03 mm) while the least activity was recorded against S.
qureus (3.00£0.01 mm and 18.00£0.02 mm) Table 2. Similarly,
hexane extract was in active against S. pyogenes but the inhibition
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zones (3.00#0.01 and 20.00+0.01 mm) caused by the extract
against S. aureus, E. coli and S. typhi increase with increase extract
concentration from 80 to 200 mg/mL. The extract was more active
against E. coli and less active against S. aureus (Table 2,3).

Table 2: Zone of inhibition (mm) of the Methanol extract of Andrographis paniculata against the organism.

S. aureus 3.00+0.01° 9.80+0.01° 12.40+0.01° 18.00+0.02° 25.00+0.01° 0.00+0.00°
E. coli 6.00+0.01¢ 10.20£0.02¢ 11.50+0.01° 25.00+0.01¢ 28.00+0.02¢ 0.00+0.00°

S. typhi 10.00£0.00¢ 12.0+0.01¢ 15.00£0.03¢ 22.00£0.03¢ 23.00+0.01* 0.00£0.007
S. pyogenes 0.00£0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 26.00£0.02¢ 0.00+0.00°

Values are presented in mean + standard error of two determinations. Values followed with the same superscripts alphabets on the same column are

not significantly different at p>0.05

Table 3: Zone of inhibition (mm) of the n-Hexane extract of Andrographis paniculata against the organism.

S.aureus 7.00+0.02¢ 7.50+0.01°¢ 11.0+£0.30¢ 15.0+0.02¢ 25.00+0.01° 0.00+0.00°
E coli 3.00+0.01° 5.00+0.02° 8.00£0.01b 12.00+0.03° 28.00+0.02¢ 0.00+0.00°

S. typhi 6.00+0.01¢ 9.00+0.01¢ 11.00+0.02¢ 20.00£0.01¢ 23.00£0.032 0.00+0.00°
S.pyogenes 0.00£0.0° 0.00+0.00° 0.00£0.00° 0.00+0.00° 26.00£0.01°¢ 0.00£0.0°

Values are presented in mean + standard error of two determinations. Values followed with the same superscripts alphabets on the same column are

not significantly different at p>0.05

Table 4: Minimum Inhibitory Concentration of Methanol and hexane
Extract of Andrographis paniculate.

S. aureus 1.6 8
E coli 0.32 2.6
S. typhi 0.32 2.6

Minimum Inhibitory concentration (MIC)

The minimum inhibitory concentration of methanol and hexane
extracts of Andrographis paniculate is shown in Table 4. The MIC
of methanol extract of Andrographis paniculate were 1.60, 0.32
and 0.32 mg/mL against S. aureus, E coli and S. typhi respectively.
Hexane extract however, recorded MIC of 8.0, 2.60 and 2.60 mg/mL
against S. aureus, E coli and S. typhi respectively (Table 4).

Discussion

Medicinal plants have gained high attention as alternative to
conventional therapy. Studies on the medicinal potentials of plants
as reported by [19,20] revealed that extraction solvents such as
n-hexane, ethyl acetate, methanol and water have different affinities
for phytochemical compounds. In the present study, methanol
extract of Andrographis paniculata was found to contain alkaloid,
phenol, flavonoids, steroids, terpenoids, and saponins while the
N-Hexane extract contains alkaloids, phenols, and steroids. In
agreement with the present study [21], demonstrated the presence
of Alkaloids, Phenols, and Terpenoids and Saponin in the methanol
extracts of A. paniculata. While the study of [22] revealed the
presence of Alkaloids and Terpenoids in the N-Hexane extract
of A. paniculata. The presence of these bio-active metabolites

such as Alkaloids, phenols, and steroids is an indication that the
plant will possess therapeutic activities [5] Alkaloids, phenols
and flavonoids, for instance, have been previously identified as
antimicrobial compounds [23,24]. They have been extensively
used in disinfection and remained the standard with which other
bactericides are compared [25]. Also, alkaloids and flavonoids are
used as basic medicinal agents for their bactericidal, analgesic
and antispasmodic effects [26,24]. These phytochemicals may be
acting singly or synergistically with each other to bring about a
cidal or static effect on the microorganisms [27]. The discrepancy
in the phytochemical compositions of the two extract and also the
absence of Cardiac glycosides and tannins in both extracts could
be attributed to the differences in the polarity of the solvent used.
Previous study has reported that not all phytochemicals are present
in all plants and also that phytochemical composition of medicinal
plants can be rationalized in terms of the organ of the plant used as
well as the solvent used in the extraction process [28].

In the present study, the plant extract showed dose-dependent
antibacterial activities against E. coli, S. typhi, and S. aureus. These
could be as a result of an increase in extract concentration which
gives a resultant increase in bioactive compound constituent and
efficacy. According to [29], dose-dependent potency is common to
bioactive compounds from plants. The methanol extract showed
higher antibacterial potency than the N-Hexane extract. This could
be attributed to the higher qualitative phytochemical composition
of the methanol extract than the hexane extract. The observation
may be correlated to the nature of bioactive compounds whose
activity can be increased in the presence of more polar solvents.
According to [30], polar solvents have a higher ability to extract
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more bioactive compounds than non-polar solvents. The tested
microorganisms were inhibited at a very low concentration of
the Methanol and N-hexane extract of Andrographis paniculata.
E. coli and Salmonella were the most susceptible to having a zone
of inhibition of 25 mm and 20 mm, respectively. The MIC values
0.32 mg/ml, obtained for the tested pathogens for the methanol
extract in both the E. coli and S. typhi, is an indication of a strong
therapeutic potency at low concentrations. This result is similar to
that obtained by [31], who discovered that the methanol extract of
A. paniculata has high antibacterial activity against Salmonella and
E. coli than on Gram-positive bacteria. However [32,33], showed
contradicting results to the present study [32]. reported that the
methanol extracts of A. paniculata have stronger antibacterial
activity against gram positive bacteria than on Gram Negative
bacteria. From his study, Staphylococcus aureus has an inhibitory
zone of (21mm) at 25ul of methanol extract of the plant, at this
same concentration, E. coli was not inhibited. [33] also reported
that the methanol and the hexane extract of A. paniculata have no
inhibitory effect on E. coli even at a high concentration of 200 pg/
ml. The variation in results may be due to the differences in the
nature of the phytochemical constituents available in the extracts,
which are primarily determined by the method of extractions
[14]. Also, difference in geographical location of the plant material
could also cause variation in the quality as well as the quantity of
bioactive metabolite in the plant, thus contributing to the variation
in biological activitie [34].

Conclusion

The currentstudy revealed the presence of bioactive metabolites
in both methanol and N-Hexane extracts of A. paniculata. The
methanol and the N-Hexane extracts from the leaf of A. paniculata
showed significant antibacterial activity against Salmonella typhi,
E. coli, S. aureus. Methanol extract however, demonstrated higher
activities than the Hexane extract. Thus, it might be a useful tool
in the future for pharmaceuticals antibiotics. It will be of utmost
benefit to study the antiviral potency of this leaf against debilitating
viral infections such as Rabies, Dengue, Hepatitis, etc.
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