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Abstract
Aqueous extract of Clinacanthus nutans leaves were used as a biological source for the reduction of 
silver nitrate into silver nanoparticles. Result obtained from UV-Visible analysis exhibit the absorption 
peak at 460 nm confirms the production of silver nanoparticles. FTIR analysis showed the presence of 
alkyne, alcohol and primary amine that are responsible for reduction and stability of nanoparticles. The 
size of silver nanoparticles based on TEM analysis showed size from 6.26nm until 26.77nm and are in 
spherical shape. These nanoparticles showed good antibacterial activity and good synergistic effect in 
combination with different antibiotics such as amikacin, rifampicin, ofloxacin, moxifloxacin, piperacillin 
and levofloxacin against Escherichia coli, Klebsiella pneumonia and Staphylococcus epidermidis were 
studied.
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INTRODUCTION
 Nanotechnology is an important study 
that deals with strategy, synthesis and manipulation 
of matter at nanoscale size within the range of 1 to 
100 nanometres which covers all aspects in biology, 
chemistry, physics, science and engineering. The 
principles of nano-technology are now widely 
applied in mechanic, cosmetics, biomedical, 
drug-gene delivery, environment, health, chemical 
industries as well as in nanomedicine. The 
overwhelming progress of nanotechnology field 
leads to the founding and development of diverse 
nanoparticles such as copper, titanium, zinc, 
magnesium, gold, alginate and silver (Logeswari et 
al., 2015). Nanoparticles unique physicochemical 
features such as nanoscale size which encompass 
one or more dimension with 100 nm or less, large 
surface area, chemically reactive and optically 
active (Khan et al., 2017) as well as antimicrobial 
and cytotoxic characteristics (Premasudha et al., 

2015) truly attract significant interest not only in 
research area but also in medicine and health care 
area. 
 Among various nanoparticles, silver 
nanoparticles nowadays are more likely to be 
extensively used in catalysis, chemical sensing, 
electronics, and especially in pharmaceuticals due 
to their capability in antimicrobial activity. Silver 
products are known to possess great bactericidal 
and inhibitory effect because of its broad spectrum 
of antimicrobial activities (Krithiga et al., 2015) and 
does not exhibit any dangerous effects towards the 
body at low concentration (Theivasanthi & Alagar, 
2011).
 Clinacanthus nutans locally known as 
Sabah snake plant or Belalai gajah in Malaysia. It 
is a type of medicinal plant where it is commonly 
be used in traditional treatment especially 
in Malaysia, Thailand and Indonesia (Alam et 
al., 2016). It possess anti-inflammation and 
anti-microbial activities whereby it is widely 
used for burns, fever, herpes skin infection and 
envenomation. It contains good percentage of 
fatty acid, minerals, and carbohydrate, and crude 
protein, essential and nonessential amino acids. 
Furthermore, C. nutans also has antibacterial 
properties to fight against pathogens which is used 
to treat skin infection such as acne (Yang et al., 
2013). Plant leaves extract are used to synthesis 
silver nanoparticle as less cost is needed as it 
does not need any special preparation or isolation 
method (Alhamdani, 2016).
 This study focused on the biosynthesis 
of  silver nanoparticles from C. nutans leaves 
extract. Characterization of silver nanoparticles 
were conducted by using UV-spectrometer 
analysis, TEM analysis and FTIR analysis. These 
nanoparticles were further analysed for its 
antibacterial effect against various pathogens 

Fig. 1. (a) C. nutans plant (b) grinded leaves of C. nutans (c) silver nanoparticles

Table 1. Zone of inhibition for combination of antibiotic 
with and without AgNPs against selected pathogen
    
Pathogen   S.  E.  K. 
Antibiotics  epidermidis coli pneumonia

 1 10 mm 27 mm 26 mm
Piperacillin 1a 13 mm 28 mm 27 mm
 2 28 mm 35 mm 30 mm
Levofloxacin 2a 28 mm 35 mm 32 mm
 3 26 mm 26 mm 23 mm
Amikacin 3a 28 mm 28 mm 25 mm
 4 14 mm 15 mm 9 mm
Rifampin 4a 15 mm 15 mm 12 mm
 5 24 mm 30 mm 30 mm
Ofloxacin 5a 26 mm 31 mm 30 mm
 6 26 mm 30 mm 28 mm
Moxifloxacin 6a 27 mm 31 mm 29 mm
A (AgNP)  14 mm 16 mm 14 mm
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and its synergistic effect with different antibiotics 
available in the market.

MAteRiAls AND MethODs
Collection of Plant
 Fresh leaves of C. nutans were collected 
from Taman Herba Perak, Malaysia in the month 
of January 2018. Authentication of the plant was 
conducted with the help of botanist from Taman 
Herba Perak.
Preparation of plant extract
 Fresh leaves of C. nutans were washed 
and rinsed with running tap water for several times 
to remove dirt, dust particles and contamination 
from the leaves. Then, drying process of the leaves 
were carried out under the sun light for 10 – 15 
days to ensure all the moistures in the leaves 

completely removed. Dried leaves were ground 
to produce fine powder form by using a grinder 
machine prepared by UniKL RCMP laboratory. 
Later, 2 grams of plant powder sample was mixed 
and dissolved in 200 ml of distilled water in 250 
ml conical flask. Then the mixture was boiled to 
100°C on hot plate for 10 minutes. The aqueous 
extract was let to cool down and followed with 
double filtration by using filter paper. The extract 
was collected and kept in conical flask to be used 
in the next session.
Biosynthesis of silver nanoparticles
 1mM of  silver nitrate was used to 
synthesis silver  nanoparticles. 1mM silver nitrate 
was mixed with 90 mL of water and 10 mL C. 
nutans extract was added into the solution. The 
mixture was kept in a conical flask and mouth of 

Fig. 2. FTIR spectra of AgNPs

Fig. 3. TEM analysis of synthesized AgNPs

conical flask was covered with aluminium foil. It 
was kept for 24 hours on rotary shaker at 130rpm. 
The colour of mixture was changed which indicates 
the formation of silver nanoparticles. .
Characterization of silver nanoparticles
 1ml of sample was poured into the 
cuvette and observed for lamda max to determine 
the absorption by spectrophotometry from 300nm 
until 600nm. For FTIR powderd sample was used 
to determine the molecules and functional groups 
associated with the nanoparticle. For FTIR, sample 
was analysed  along with potassium bromide 
and observed for the spectra from the region of 
4000cm-1 to 400cm-1.
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 TEM analysis was used to determine the 
particle size, shape and dispersity of the silver 
nanoparticles For TEM analysis sample was first 
sonication for 5 minutes and one drop of sample 
was  poured on the copper coated grid  and 
observed for TEM analysis.
Antibacterial analysis
 Biologically synthesized silver nano-
particles were evaluated for tis antibacterial 
effect against E. coli, S. enterica and S. epidermidis 
on nutrient agar media by using disc diffusion 
method. Each disc was impregnated with 40µg/
ml nanoparticles and compared with different 
antibiotics. All plates were incubated overnight for 
24 hours at 37 oC. After 24 hours of incubation, the 
inhibition zone of each plate were measured and 
recorded in millimetre (mm) unit
Synergistic effect of nanoparticles with antibiotics 
 Synergistic test was conducted to evaluate 
the synergistic effect of silver nanoparticles with 

combination of six antibiotics such as amikacin, 
rifampicin, ofloxacin, moxi-floxacin, piperacillin 
and levofloxacin. Prepared nutrient agar plate were 
swabbed with 4 different bacteria culture which 
were .E. coli, K. pneumonia and S. epidermidis and 
zone of inhibiton was measured after overnight 
incubation.

RESULTS AND DISCUSSION
 C. nutans leaves extract were utilized 
for the biosynthesis of silver nanoparticles. The 
colour change of the solution after the addition 
of 1mM silver nitrate indicates the formation 
of silver nanoaprticles due to the excitation of 
surface plasmon resonance as shown in Fig. 1 
(Ahmed et al., 2016) while UV spectrophotometric 
showed the absorption peak 460nm confirms the 
formation.
 Fourier-Transmission Infrared (FTIR) 
analysis was conducted to determine the possible 

Fig 4. Zone of inhibition comparison between antibiotic with and without AgNPs samples (a) E.coli (b) Klebsiella 
pneumonia (c) Staphylococcus epidermidis
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functional group and biomolecules that are 
responsible for the stability of nanoparticles, 
reduction of the Ag+ by plant extract and also 
capping of synthesized silver nanoparticles. The 
FTIR spectrum of silver nanoparticles showed 
absorption peaks in the range of 3500-1500 
cm-1. The broad peak 3342.77 cm-1 indicated O-H 
stretch. The peak at 2100 cm-1 probably shows 
the presence of alkyne (C=C) compound. The 
absorption peak at 1634.09 cm-1 corresponded to 
N-H bond of primary amine (Fig 2).
 TEM analysis was conducted to determine 
the morphology, shape and size of the synthesized 
silver nanoparticles. Based on the analysis, 
spherical shape of particles are formed. Shape 
of nanoparticles is important for anti-bacterial 
activity (Rai et al., 2009). TEM image of silver 
nanoparticles shows the size of particles ranges 
from 6.26nm until 26.77nm. Small size of silver 
nanoparticles will have better anti-microbial 
property as they have better contact with the 
bacteria due to their large surface area (Rai et al., 
2009).
 Antibacterial activity of silver nano-
particles was conducted against gram positive 
Escherichia coli and K. pneumonia and gram 
negative bacteria S. epidermidis. Evaluation test 
was conducted through disc diffusion method 
where each disc contained was impregnated 
with 40 µg/disc of plant extract and  silver nano-
particles. These nanoparticles showed good anti-
bacterial effect against Staphylococcus epidermidis 
22mm, E.coli 2mm  followed by K. pneumonia 
19mm zone of inhibition.
 For synergistic test, sample of synthesized 
silver nanoparticles were analysed with six 
different antibiotics such as piperacillin, amikacin, 
ofloxacin, moxifloxacin, levofloxacin and rifampin. 
These combination were tested against three 
bacteria pathogens such as S. epidermidis, E. coli, 
and K.pneumonia to evaluate their synergistic 
effect. The inhibition zone of each plate were 
recorded as stated in the table 1. Antibacterial 
activity of piperacillin was slightly improved in the 
presence of AgNPs as the size of inhibition zone 
increase Combination of levofloxacin with AgNPs 
does not showed improvement in antibacterial 
activity against S. epidermidis. Antibacterial 
activity of amikacin with AgNPs against the three 

pathogenic bacteria exhibited an improvement as 
the size of inhibition zone for each disc increase 
compared to blank antibiotic disc. This showed 
the presence of AgNPs has synergistic effect on 
antibacterial activity of amikacin. Combination 
of AgNPs with rifampin also increases the 
antibacterial properties of rifampin except 
against E. coli strain. Combination of AgNPs with 
moxifloxacin increases the antibacterial activity 
of the antibiotic, indicating the exhibition of 
synergistic effect of AgNPs. But for ofloxacin, no 
synergistic effect in term of ofloxacin antibacterial 
activity against K. pneumonia even in the presence 
of AgNPs (Fig. 4).
 Mechanisms of antibacterial effect AgNPs 
is not well known. First possible mechanism is 
AgNPs interrupt the permeability and respiration 
of the cell by attaching to surface membrane of 
bacteria. AgNPs also cause plasmolysis of cell wall 
where the cytoplasm of the cell detach from the 
cell wall and inhibit synthesis of bacteria cell wall 
(Guzman et al., 2015). Production of free radicals 
from silver metal will initiate oxidative stress which 
can contribute to damage of DNA, membrane and 
mitochondria of bacteria. This can lead to cell 
death (Tippayawat et al., 2016).

CONCLUSION
 Silver nanoparticles synthesized from 
Clinacanthus nutans exhibit good antibacterial 
activity and shows good synergistic effects against 
selected pathogenic bacteria. Bio-synthesis of 
nanoparticles by using Clinacanthus nutans 
extract is a success and better than physical 
and chemical synthesis as it is cost effective and 
safe to environment. Synergistic effect of silver 
nanoparticle towards selected antibiotic such as 
piperacillin, amikacin, ofloxacin, moxifloxacin, 
levofloxacin and rifampin exhibit positive result as 
nanoparticles manage to enhance the bactericidal 
properties of the antibiotics 
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