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Abstract: Background: Herbal extracts have been traditionally used as antibacterial agents, and different strategies have been
proposed to enhance their antimicrobial activities. This research aimed to assess the antimicrobial potential of Andrographis
paniculata conjugated gold nanoparticle (GNP) compounds against Escherichia coli and Bacillus subtilis.

Methods: Herbal extract was conjugated with GNP through electrostatic interaction, and characterization was carried out by
Fourier-transmission infrared spectroscopy, screening electron microscopy, and transmission electron microscopy and supported
by energy-dispersive X-ray spectroscopy. Antibacterial activity of the herbal extract and GNP conjugation was evaluated by disc
diffusion assay.

Results: Chemical and morphological characterizations of the GNP and herbal extract conjugate revealed intactness of the GNP.
In disc diffusion assay, the inhibition zone formed by these compounds was measured for both microorganisms, and they were in
the range of 0.6-0.9 cm for the herbal extract. When the herbal extract conjugated with GNP, the zone was between 0.8 and 1.1 cm.

Conclusion: This study demonstrated the potentiality of GNP to carry the antibacterial compounds from the herbal extract.
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1. INTRODUCTION

Before the existence of microbes was discovered, humans
believed that plants have healing properties, reflecting the
current antimicrobial characterization principles [1,2].
Formerly, humans utilized plants to treat infectious diseases,
and the so-called “traditional medicines” are still being used for
the treatment of various illnesses [3-5]. The original plants are
the sources of natural compounds which have the antimicrobial
potential and are likely to become the new anti-infection agents.
In the previous studies, it was said that the search on novel
anti-infection or antimicrobial agents has been underway in
various fields including ethnopharmacology. Different studies

have focused on investigating the antimicrobial activity of plant
extract. With these developments, many assays are generated
involving the extracts from different parts of plant such as stem,
leave, or root of the plant [6-8].

Hempedu bumi (Andrographis paniculata) is a Ayurveda
Herb shrub that belongs to the Acanthaceae family [9,10].
A. paniculata grows predominantly in Taiwan, Sri Lanka, China,
and India. In China, this plant is used as the herbal medicine for
various illnesses. Recently, A. paniculata herb is widely used to
treat different diseases [11-14].

Nanotechnology is an emerging area of study that gains
increasing interest, and it focuses on the development
of biological and synthetic methods in nanoparticle
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engineering [15-18]. Due to the enhanced properties of
nanoparticles, their application grows rapidly on various scopes
such as biomedical, pharmaceutical, antimicrobial, and also,
drug delivery [19-22]. Metallic nanoparticles have been used
to capture the natural compounds to reveal the antimicrobial
activity attributed to the high surface area to the volume ratio of
the nanoparticles that allow accommodation of large amount of
compounds. Various metallic nanoparticles such as, platinum,
silver, and gold were focused recently because of their requisite
importance [23,24]. Among the previously mentioned metal
nanoparticles, gold nanoparticle (GNP) is more vital because
of its history in medicinal application, e.g., treatment of
cancer and arthritis with conjugated GNP and also due to their
biocompatibility [25-29]. In this research, GNP was purchased,
and compounds of A. paniculata herbal plant leaf were captured
on the GNP.

Gold is one of the metals that were widely used to produce
nanoparticles for medicinal purposes, food packaging,
and manufacturing. This forms the basis to investigate the
antimicrobial potential of herbal extract captured by the GNPs
in this study [30,31]. There are various methods for synthesizing
nanoparticles, and they have been applied in different in vitro
diagnostic utilities. The chemical compositions of plant extract
might be involved and responsible for the bioreduction of metal
ions [31-34]. Both gold and silver nanoparticles show the broad
spectrum of antimicrobial potential against human and animal
pathogens. Nanoparticles are also found to inactivate proteins
and interfere with the DNA replication. Numerous literature
have discussed the mechanisms of antimicrobial activity exerted
by the gold and silver nanoparticles [35,36].

GNPs have diameter ranging from a few to several hundreds
of nanometer, and they consist of gold core and surface coating.
Gold core defines the fundamental properties of a GNP, and
the layer surrounding the core is formed by the electrostatic
interaction of the molecules in the biological milieu. GNPs
were used for various applications such as gene delivery, drug
delivery, antitumor, antimicrobial, cancer therapy, antioxidant,
and catalytic use [23,37-39]. The present study aimed to
demonstrate that the active components in A. paniculata are
responsible for antimicrobial potential.

2. MATERIALS AND METHODS

2.1. Reagents and Biomolecules

GNP was selected to study the effectiveness of bactericidal
agent against Gram-positive (Bacillus subtilis) and Gram-
negative (Escherichia coli)bacteria. These bacterial species were
provided by the School of Bioprocess Engineering, Universiti
Malaysia Perlis. The main material used in the experiment to
evaluate the inhibitory effects of compounds in 4. paniculata
leaves which were purchased from Ethno Resources Sdn. Bhd.
in Selangor, Malaysia. GNP which was used to capture the herbal
compounds was purchased from Sigma Aldrich, USA. Two
samples namely, 4. paniculata herbal extract and 4. paniculata
conjugated GNP were used in this experiment. Other materials
used were nutrient agar, nutrient broth, and ampicillin which
were purchased from Sigma-Aldrich, USA.
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2.2. Extraction of A. paniculata and Conjugation of Herbal
Extract with GNP

Five grams of A. paniculata powder was weighed, added
to 50 mL of sterile distilled water, and allowed to suspend
overnight. The collected pure herbal extract was then heated on
a hot plate at 55°C for 10 min. The extracted solution was cooled
and filtered using the filter paper. The extracted solution was also
subject to fine contamination removal by filtration using syringe
filter. Finally, sterile Falcon tube was used to store the herbal
extract solution and it was kept at 4°C for further use [10].

To conjugate, the obtained herbal extract was mixed
with the purchased GNP. After incubation for 30 min, the
herbal extract conjugated GNP was centrifuged. Collected
pellet was washed thrice with plenty of water and used for
further characterization [10].

2.3. Characterization of A. paniculata Conjugated GNP

2.3.1. Morphological Observation

Scanning electron microscopy (SEM) (Hitachi, S-4300
SE, Japan) and transmission electron microscopy (TEM) were
used for characterizing the morphology of the nanoparticles.
Experiments were conducted with different magnifications
to determine the shape, size, and distribution of the particles.
In this experiment, herbal extract conjugated GNP was
characterized by TEM (JEM-2100F; JEOL Ltd., Japan). The
presence of GNP was confirmed using energy-dispersive X-ray
(EDX) spectroscopy. Sample preparation for TEM was done
by depositing on a copper grid, and the samples were analyzed
after evaporating the liquid portion [2,10].

2.3.2. Fourier-Transform Infrared (Ftir) Spectroscopy

The FTIR spectroscopy was performed to analyze both
dissolved leaf sample and the conjugated GNP. The analyzed
samples include 4. paniculata herbal extract, GNP, and
A. paniculata herbal extract conjugated GNP. The samples were
analyzed using Shimadzu 8400 s within a spectral range of
400-4000 cm™'. The purpose of this method was to predict the
chemical functional groups of the samples [2,10].

2.4. Evaluation of Antimicrobial Activity

2.4.1. Preparation of Bacillus Spp. And E. Coli

First, a pinpoint of inoculum of each microorganism was
taken from the basic culture, and they were grown independently
in the sterile culture tube containing 3 mL of sterilized broth.
The bacterium inoculated broth was grown overnight, and
then, the number of colonies with 107 cells was used for the
disc diffusion assay in nutrient agar plate. All the materials used
were sterile and have been autoclaved at 121°C for 15 min [10].

2.4.2. Preparation of Nutrient Agar Plate

A 14 g of nutrient agar powder was weighed and suspended
in 1 L of distilled water. The solution was sterilized in autoclave,
and the nutrient agar solution was left to cool until reaching
50°C. It was then transferred into the sterile Petri dishes
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under the sterile condition to prevent contamination. The Petri
dishes were sealed and covered using Parafilm™ and stored in
refrigerator until the next usage to avoid contamination.

2.4.3. Disc Diffusion Assay

Disc diffusion assay is one of the methods that can be used
to evaluate antimicrobial activity. Filter paper was used to
absorb the solution on the surface of nutrient agar plate [10].
The filter paper was punched into small circles and sterilized
by autoclaving. The sterilized filter paper discs were kept in a
sealed container for further use. Experiments were performed
in triplicates.

2.4.4. Preparation of Dilutions

Dilutions were made and tested to get the minimum
inhibition concentration by the microbial activity using disc
diffusion method. The ratio of the sterile distilled water:A.
paniculata herbal extract solution was 1:1. Initially, 500 pL of 4.
paniculata herbal extract solution was transferred into the first
test tube (1) using micropipette. Then, 250 pL of A. paniculata
herbal extract solution from test tube (1) was transferred into
test tube (2), and 250 pL of the sterile distilled water was added.
These steps were repeated for following test tubes (3-5). The
dilutions were made using micropipette with sterile tip to
prevent contamination.

2.4.5. Disc Diffusion Method and Determination of Minimum
Inhibitory Concentration (Mic)

Initially, 100 uL of B. subtilis. (107 cells) was pipetted onto
the agar plate then spread well. Using forceps, sterile filter
paper discs were transferred onto the surface of the agar plate
carefully. The filter paper discs were labeled properly, and each
filter paper disc was loaded with different amounts of solutions
(20, 25, 30, 35, 40, and 45 pL) from the dilutions made.
Then, the agar plates were placed in the incubator set at 37°C
overnight and monitored on the next day. Different dilutions
containing 20, 25, 30, 35, 40, and 45 pg of compounds from
the plant extract were tested to determine the MIC. These steps
for the disc diffusion method were repeated for E. coli as well
to find the MIC. A clear zone of inhibition formed at the end of
the incubation and diameter was measured using a ruler [10].
The experiment was repeated using conjugated GNP sample.
Experiments were performed in triplicates.

3. RESULTS AND DISCUSSION

In this study, compounds of 4. paniculata leaf extract were
collected and conjugated with GNP. The complex compounds
were characterized morphologically and chemically by SEM,
TEM, and FTIR. Furthermore, the antimicrobial potential of
the conjugated GNP and herbal extract was tested separately

(Fig. 1).
3.1. SEM

SEM analysis was performed to determine the size of the
particles consisted in the complex of herbal extract and GNPs
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(Fig. 2A and B). This study confirmed the intactness and sizes
of GNPs, indicating that the GNP nanoparticles can be used for
this study. The mechanism of the properly sized GNP entry into
the cell wall is unclear. However, a few hypotheses have been
proposed to give some ideas on the antimicrobial effect of GNPs
at nanolevel. The bactericidal activity of GNP greatly relies on
the particle size. Thus, these SEM results clearly indicated that
GNPs were intact with the compounds from the herbal extract.

3.2. TEM

TEM was utilized to determine the size and shape of the
purchased GNPs. It has been found that used particles were
polydispersed and spherical in shape. The size of molecules
of the purchased GNPs with herbal extract conjugate was
approximately 20 nm as shown in Fig. 3. In addition, EDX
spectrum clearly confirmed the presence of gold elements.

3.3. FTIR Spectroscopy

Measurement using FTIR spectroscopy was carried out
to identify the possible molecules from A. paniculata herbal
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Fig. (1). Diagrammatic representation of extraction and
conjugation. Extract of Andrographis paniculata is conjugated
with gold nanoparticle for the assessment of antibacterial activity.

Fig. (2). Scanning electron microscopy observation on herbal
extract conjugated gold nanoparticle. (A) Image with 2.5 pm
scale; (B) image with 500 nm scale.
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extract and 4. paniculata herbal extract conjugated GNP
that exhibit efficient antimicrobial properties. FTIR has been
performed with three samples such as the herbal extract,
GNP, and herbal extract conjugated GNP. The spectrum
of A. paniculata herbal extract displayed a broadband at
3364.99 cm™!, which represented the stretching of O-H
functional group while the weak band at 1640.12 cm™' was
corresponding to the asymmetric stretching of C=O group
(Fig. 4A). The spectrum with a broadband of GNP molecule
was at 3372.44 cm™', and the weak band was at 1638.60 cm™'

2 K
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Fig. (3). Transmission electron microscopy observation on herbal
extract conjugated gold nanoparticle. Images with 20 and 100
nm scales are shown. Energy-dispersive X-rayspectrum clearly
indicates the presence of gold.
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Fig. (4). (A-C) Fourier-transform infrared spectroscopy has
been done with three samples, namely the herbal extract, gold
nanoparticle (GNP), and herbal extract conjugated GNP. The
scanning is from 500 to 4000 nm.The significant peaks other
than hydroxyl phase are indicated by the red stars.
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(Fig. 4B). FTIR spectrum confirmed the presence of hydroxyl
and carbonyl group in A. paniculata herbal extract. In addition,
the broadband and weak band stretching for GNP indicated the
presence of C=0 stretching. Different reports have revealed
the role of hydroxyl and carbonyl groups in the preparation
of herbal extract including their phytochemical and phenolic
compounds that can act as a reducing and stabilizing agent.
The sample of herbal extract conjugated with GNP molecule
showed the highest broadband as compared to the spectrum of
herbal extract and GNP. The herbal extract conjugated GNP
showed the strong broadband at 3374.53 ¢cm™' and the weak
broadband at 1639.55 cm™! (Fig. 4C). This result proved that
A. paniculata herbal extract can be combined with GNP to
make bioreductant and capping agent.

3.4. Antimicrobial Activity of Herbal Extract and GNP
Conjugate

Antimicrobial activity of herbal extract and 4. paniculata
herbal extract conjugated GNP against two different
microorganisms, namely E. coli and B. subtilis was studied
(Figs. 5 and 6). The conjugated GNPs and herbal extract
exhibited an inhibitory activity against the bacterial growth.
Zone of inhibition was recorded, and the inhibition zone for
herbal extract was in the range from 0.6+0.05 to 0.9+0.08 cm.
For the herbal extract conjugated GNP, the zone was between
0.8+0.06 and 1.1+0.1 cm. The antibacterial effect was noticed
in both Gram-negative and Gram-positive bacteria. However,
this finding was not consistent with the antimicrobial activity

Fig. (5). Antibacterial potential against Escherichia coli.
(1) Ampicillin control (5 pg), (2) herbal extract, and (3) herbal
extract conjugated gold nanoparticle.

Fig. (6). Antibacterial potential against Bacillus subtilis.
(1) Ampicillin control (5 pg), (2) herbal extract, and (3) herbal
extract conjugated gold nanoparticle.
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of GNP and herbal extract conjugates as stated in other studies
although applications of gold (Au) are claimed to be better. It is
widely accepted that metal nanoparticles are harmful to fungi
and bacteria [40], and this characteristic allows them to adhere
with cell wall of microorganisms, resulting in the destruction
and death of the cell. In this study, different concentrations
(20, 25, 30, 35, 40, and 45 pg) of herbal extracts were tested.
The MIC was determined at 45 ug and it was compared
with the conjugation with GNPs (Figs. 5 and 6). Further,
there is no significant difference in the antimicrobial activity
against B. subtilis and E. coli. This study is well supported
by and can be correlated with the previous findings which
were demonstrated using graphene and silver nanoparticle
conjugating the herbal extract for microbial inhibitions [2,10].

4. CONCLUSION

The herbal extract from A. paniculata conjugated GNPs
was analyzed using TEM, SEM, and FTIR spectroscopy.
The characterization experiment determined the morphology,
size, shape, and chemical nature of the herbal extract
conjugated GNPs. Furthermore, the antimicrobial potential of
A. paniculata conjugated GNPs was assessed. Disc diffusion
method was used to evaluate the antimicrobial activity. From
this study, the zones of inhibition found for both B. subtilis and
E. coli by herbal extract conjugated GNPs were in the range
between 0.8+0.06 and 1.1+£0.1 cm. The inhibition zone for
herbal extract was slightly smaller than the conjugated GNPs,
ranging from 0.6+0.05 to 0.9+£0.08 cm. The obtained results
clearly indicate better antimicrobial potential of herbal extract
conjugated GNPs than the herbal extract alone, and a larger
zone of inhibition is probably due to the better dispersion of
the compound in aqueous solution. Validation with additional
inhibition studies should be performed for more insights.
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