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Abstract: Since the last decade, enormous research in developing biocompatible materials for biomedical applications at the Nanoscale 

level emerged as an excellent essential research factor globally. In this context, in the present study contemplated for developing novel 

nanomaterials which was synthesized in a green approach way using aqueous extracts of Neptuniatriquetra and assessed for 

antibacterial activities against both Gram-positive and Gram-negative bacteria. Initially the antibacterial efficiency of Neptuniatriquetra 

was assessed for different solvent extracts and compared with synthesized gold nanoparticles. A total of 6 bacterial strains viz., Bacillus 

subtilis, Escherichia coli, Klebsiellapneumoniae, Proteus mirabilis, Pseudomonas, and Staphylococcus aureuswere used in the present 

study. The results demonstrated that the medicinal plant Neptuniatriquetrais having high antibacterial activity. Interestingly, there is 

enhanced antibacterial activity of gold nanoparticles. 
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1. Introduction 
 

India is a sub-continent with diverse topology and climate. It 

is the land of rich biodiversity. More than 70% of the world 

plant population is present in India.The traditional treatment 

systems to cure illnesses are better than conventional 

antibiotics. The multidrug resistance of pathogenic 

microorganisms was enhanced in recent years which were 

developed due to indiscriminate prescription of 

commercially available synthetic antibiotic drugs which are 

expensive with adverse side effects. The development of 

multi drug resistance in bacteria forced the researchers 

globally for new drug leads which can effectively destroy 

pathogens. Different systems of Indian traditional treatment 

systems such as Siddha and Ayurveda are dependent on 

plants and plant extracts. The herbal remedies served as 

source for new therapeutic agents especially as drugs and 

drug leads. As per the WHO estimate, approximately 25% of 

prescribed drugs are derived from plants and plant extracts. 

Majority of the synthetic drugs are chemically replicas of 

natural phytochemicals. Worldwide 3, 50, 000 plant species 

were identified and most of them are yet to be screenedfor 

potential capabilities to cure a large number of diseases and 

disorders (Amoo SO et al., 2011). The efficiency and 

efficacy of phytochemicals against a large number of 

microbes are well known (Goc A et al., 2015). The 

antimicrobial activity of plants is due to the presence of a 

large variety of phytochemicals (secondary metabolites) 

(Cowan MM., 1999). These phytochemicals belong to the 

different chemical classes, most of them include alkaloids, 

flavonoids, tannins, terpenoids, and polyphenols etc., 

(Abachi S et al., 2016; Wijesundara NM et al., 

2018).Because of proven efficacy, effectiveness, with other 

characteristic features such as availability, ecofriendly, 

economically feasible, and side effect free nature to 

eukaryotic cell, the plant based extracts and molecules were 

represented as alternative to antibiotics (Parimala M et al., 

2014). 

 

Even though the plant extracts have bactericidal properties, 

still there search for developing new, novel drug leads and 

different methods to effectively enhance the killing capacity 

against the harmful pathogens. To combat the contamination 

of bacterial pathogens there is strong need to develop novel 

materials at Nanoscale level. Developing metal based 

nanoparticles is one such method which has proven 

properties of bactericidal and antimicrobial activity. The 

nanomaterial and composites were even acted as drug 

delivery systems. For example, the different metals used to 

reduce at Nanoscale level using plant extracts include silver 

(Ag) (Jain S., &Mehata MS 2017; Mmola M et al., 2016), 

gold (Au) (Patra JK &Baek KH (2015; Naraginti S., & Li Y 

2017). The other major metals which were synthesized and 

tested for biomedical and pharmaceutical applications 

include Palladium (Pd), Platinum (Pt), Zinc (Zn), Iron (Fe), 

and Copper (Cu) etc., (Teow SY et al., 2018). In our past 

research gold nanoparticles were synthesized using aqueous 

extract of Neptuniatriquetra and evaluated for the anticancer 

activity in vitro. The present study was focused on 

antibacterial activity of synthesized and structurally 

characterized gold nanoparticles. The tested bacterial strains 

include Bacillus subtiliswhich is nonpathogenic to humans 

but sometimes causes food poisoning (Bandow J.E et al., 

2002), extra intestinal pathogenicity was exhibited by E. coli 

(Stromberg ZR et al., 2017), Klebsiellapneumoniae which 

causes a wide range of diseases including pneumonia, 

urinary tract infections (UTIs), bloodstream infections and 

sepsis (Bengoechea, JA & Sa Pessoa J 2019).Proteus 

mirabilis causes catheter-associated urinary tract infections 

(CAUTI) (Armbruster CE et al., 2018). Pseudomonas 

species causes wide range of diseases and a few of them 

include even suppression of host immunity especially in 

immune compromised patients (Xin XF et al., 2018). 

 

Staphylococcus aureus is a human pathogen which can 

infect wide range of tissues including gastrointestinal tract, 

heart and bones. It is associated with life threatening 

illnesses (Balasubramanian D et al., 2017). Hence all these 

six bacterial strains were selected for testing. 
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Neptuniatriquetra are small herb with yellow flowers. The 

plant is commonly called as “Yellow Sensitive Plant”. The 

plant has characteristic features of small tiny shrub or herb 

while the leaves are tiny, small and are sensitive to touch 

(Thigmonasty). Flowers are yellow and small. This sensitive 

plant belongs to the Fabaceae (Touch-me-not) family. The 

Neptuniatriquetra have potential medicinal properties and a 

few of them include treatment to the Jaundice as well as to 

eye infections. As per the available research reports on the 

Neptuniatriquetra, it is revealed that the plant is less 

explored scientifically. The image of Neptuniatriquetra was 

represented in image-1. 

 

 

 
Image 1: Corresponds to the Neptuniatriquetra. (a) Represents the whole plant of Neptuniatriquetra. (b) Represents the plant 

with stem and flower 

 

The specific objectives of the present study were to provide 

the scientific basis for the medicinal properties especially 

antibacterial activity of medicinal plant Neptuniatriquetra. 

This plant is well known for ameliorating a large number of 

illnesses.The bactericidal activity against both Gram-

Positive and Gram-negative bacteria were assessed and 

compared with the gold nanoparticles which were 

synthesized using aqueous extract of Neptuniatriquetra. 

 

2. Materials and Methods 
 

Plant collection: The plant Neptuniatriquetra was widely 

distributed in the state of Andhra Pradesh, India. The plant 

material was collected from in and around the surroundings 

of Guntur district, Andhra Pradesh, India. After 

authentication by taxonomist, a voucher specimen was 

deposited in herbarium. The collected plant material was 

washed thoroughly and shade dried. After several weeks of 

drying, the dried leaves were crushed and sieved through 

No. 22 sized mesh followed by labeling as Neptunia, stored 

in cool and dry place until further use. 

 

Extraction of phytochemicals from Neptuniatriquetra: 

The Neptuniatriquetra leaves powder was taken in a soxhlet 

apparatus and subjected to successive soxhlet extraction. 

The various solvents such as Hexane, Chloroform, and 

Methanol were used for the extraction of phytochemicals. 

After loading approximately 200gms dry leaves powder in 

soxhlet apparatus, the successive extraction was carried out 

with continuous heating and cooling for 40-50 cycles in 

apparatus and each extract was collected, rotary evaporated 

and labeled for further use. 

 

 

Antibacterial activity of crude extracts from 

Neptuniatriquetra: 

The anti-bacterial activity of the plant crud extracts was 

carried out as per the standard procedures and protocols by 

using agar well diffusion method. For this purpose, the crude 

extracts were dissolved in DMSO (Dimethyl sulfoxide) and 

a concentration of (10μg/mL
-1

) was used for antibacterial 

activity studies. The bacterial cultures like Bacillus subtilis 

(MTCC 1034), Staphylococcus aureus (MTCC 6908), 

Escherichia coli (MTCC 44), Klebsiellapneumoniae (MTCC 

9024), Proteus mirabilis (MTCC 1429) and pseudomonas 

aeruginosa (MTCC 11358) were grown in Luria broth for 

24 hours at 37°C prior to use (Ginovyan Met al., 2015). 

Luria agar plates were prepared, sterilized and after 

solidification bacterial cultures were streaked. Using a cork 

borer 6mm diameter well was made.  The wells were loaded 

with crude extracts (20μl-50μl) and streptomycin was used 

as control with a concentration of (10μg/mL
-1

). The plates 

were incubated at 37°C ± 2 for 16-24hours. After the 

incubation the plates were observed, the zone of inhibition 

around the wells was measured in mm. All the experiments 

were carried out in triplicates and mean values were 

represented in results (Ginovyan M et al., 2017). 

 

Bactericidal activity of gold nanoparticles 

Antibacterial activity of Gold Nanoparticles (AuNPs) was 

tested by disk diffusion method (Bankar AV et al., 2010). 

For this purpose, nutrient broth media was preparedand 

inoculatedwith bacterial cultures like Bacillus subtilis 

(MTCC 1034),Staphylococcus aureus(MTCC 6908), 

Escherichia coli (MTCC 44), Klebsiellapneumoniae (MTCC 

9024), Proteus mirabilis(MTCC 1429) and pseudomonas 

aeruginosa(MTCC 11358) and incubated at 37°C for 24 

hours. The nutrient agar medium was prepared, sterilized 

and after solidification, streaked with the overnight grown 
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bacterial cultures. The disks with a diameter of 6mm were 

placed on the agar plates, followed by loading with 

synthesized and structurally characterized gold nanoparticles 

(Au NPs) (10-30μL). Positive control was maintained using 

Streptomycin with a concentration of 10μg/ mL
-1

).The plates 

were kept in refrigerator at 4°C for 5-10minutes to allow 

diffusion of Au NPs into the disks. The plates were 

incubated at 37±2°C for 18-24 hours. Then the plates were 

observed for zone of inhibition, and measured in mm. All 

the experiments were carried out in triplicates and mean 

values were represented in results (Ahiwale SS et al., 2107). 

 

3. Results 
 

The bactericidal activities of Neptuniatriquetra plant was 

tested with three different solvent extracts viz., Hexane, 

Chloroform and Methanol against 6 different bacterial 

strains such as Bacillus subtilis, Escherichia coli, 

Klebsiellapneumoniae, Proteus mirabilis, Pseudomonas, and 

Staphylococcus aureus. All the crude extracts exhibited the 

excellent antibacterial activity. The Bacillus subtilis was 

inhibited more by Hexane and Methanol crude extracts with 

a zone of 21mm. Escherichia coliwas more inhibited by 

methanol extract with a zone of 24mm which is almost 

nearer to control Streptomycin which exhibited the zone of 

26mm. The Chloroform fraction effectively inhibited the 

Staphylococcus aureus and Proteus mirabilis with a zone of 

24mm and 21mm respectively. 

 

The antibacterial activity is associated with secondary 

metabolites and diverse phytochemicals. These phyto 

constituents are produced by plants to protect themselves 

against bacterial, fungal and viral pathogens. As produced 

naturally by plants for protection, these moieties are 

effective, efficient components with side effects free nature 

when used by humans as both plant and humans are 

eukaryotic system of cells whereas bacteria are prokaryotic 

cells. Difference in cell system is an added advantage for 

bactericidal activity against pathogens by plant extracts. The 

results of antibacterial activity of crude extracts of 

Neptuniatriquetra were represented in table-1 and image-2. 

 

Table 1: Antibacterial activity of crude extracts obtained from Neptunia triquetra 
S. No. Name of bacterial culture VE (Hexane) VC (Chloroform) VM (Methanol) Control (Streptomycin) 

1 Bacillus subtillis 21mm 19 mm 21 mm 24 mm 

2 Staphylococcus aureus 20 mm 24 mm 20 mm 24 mm 

3 Escherichia coli 21 mm 18 mm 24 mm 26 mm 

4 Klebsiella pneumonia 21 mm 19 mm 21 mm 24 mm 

5 Proteus mirabilis 20 mm 21 mm 18 mm 25 mm 

6 Pseudomonas aeruginosa 18 mm 20 mm 16 mm 26 mm 

 

 
Image 2: The plates corroborates the antibacterial activity of gold nanoparticles as exhibited as zone of inhibition. Image (A) 

is associated with plates of Bacillus subtilis,Image (B) corresponds to theStaphylococcus aureus, Image (C) corresponds to E. 

coli, image (D) represents the K pneumoniaeplate, image (E) represents Proteus mirabilisand image (F) shows the 

Pseudomonas plate 
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Table 2: Antibacterial activity of Gold nano particles synthesized using aqueous extract of Neptunia triquetra 
S. No. Name of bacterial culture Gold nano particles replication 1 replication 2 replication 3 Mean Values Control (Streptomycin) 

1 Bacillus subtillis 25mm 29 mm 27 mm 27mm 30 mm 

2 Staphylococcus aureus 28 mm 26 mm 28 mm 27 mm 29 mm 

3 Escherichia coli 24 mm 22 mm 24 mm 24 mm 29 mm 

4 Klebsiella pneumonia 24 mm 19 mm 21 mm 21 mm 28 mm 

5 Proteus mirabilis 22 mm 22 mm 21 mm 22 mm 29 mm 

6 Pseudomonas aeruginosa 22 mm 25 mm 26 mm 24 mm 28 mm 

 

 
Image 3: The plates corroborates the antibacterial activity of gold nanoparticles as exhibited as zone of inhibition. Image (A) 

is associated with plates of Bacillus subtilis,Image (B) corresponds to the Staphylococcus aureus, Image (C) corresponds to E. 

coli, image (D) represents the K pneumoniaeplate, image (E) represents Proteus mirabilis and image (F) shows the 

Pseudomonasaeruginosa plate. 

 

4. Conclusion 
 

The traditional medicinal plant Neptuniatriquetra is 

bestowed with diverse capabilities to cure large number of 

diseases associated with bacterial, fungal and viral 

infections. Even though the entire plant is edible and used 

for treatment, there is less scientific evidence for its 

capabilities. Hence, in the present study the bactericidal 

properties of crude extracts of plant Neptuniatriquetra were 

tested and identified that the Methanolic extracts have high 

potential antibacterial activity when compared with other 

extracts. Interestingly there is enhanced antibacterial activity 

for gold nanoparticles when compared with crude extracts. 

The present experiments were conducted in vitro. There is 

strong need in the future to test the antibacterial activity in 

vivo. 
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