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Background: Infections caused by drug resistant bacteria are a major health concern
worldwide and have prompted scientists to carry out efforts to overcome this challenge.
Researchers and pharmaceutical companies are trying to develop new kinds of antimicrobial
agents by using different physical and chemical methods to overcome these problems.
Materials and methods: In the present study, rifampicin conjugated silver (Rif-Ag) nano-
particles have successfully been synthesized using a chemical method. Characterization of the
nanoparticles was performed using a UV-Vis spectrophotometer, FTIR, SEM, TEM, and AFM.
Results: The AFM, SEM, and TEM results showed that the average particle size of Rif-Ag
nanoparticles was about 15-18+4 nm. The FTIR spectra revealed the conjugation of —-NH,
and —OH functional moiety with silver nanoparticles surface. Considering the penetrating
power of rifampicin, the free drug is compared with synthesized nanoparticle for antimicro-
bial, biofilm inhibition, and eradication potential. Synthesized nanoparticles were found to be
significantly active as compared to drug alone.

Conclusion: This study has shown greater biofilm inhibitory and eradicating potential
against methicillin resistant Staphylococcus aureus and Klebsiella pneumoniae, as evident
by crystal violet, MTT staining, and microscopic analysis. So, it will be further modified, and
studies for the mechanism of action are needed.

Keywords: rifampicin, silver nanoparticles, TEM, AFM, antibiofilm, Staphylococcus

aureus, Klebsiella pneumoniae

Introduction

The arena of nanotechnology has emerged with a wide range of applications in
electronics,' cosmetics,” energy,™* catalysis,® and medicines.”® The diverse range
of optical, chemical, and mechanical properties of the nanomaterial is related to its
large surface area.” "' It is well known that controlling the particle size at nano scale
can help to control the surface energy, surface area, and bring specificity in the mode of
action of the synthesized material.'>'> Nanoparticles alone are unstable because of
high surface energy and small size, so they are stabilized with a suitable capping
agent."*'® Nano drugs have been proved effective in treatment of dreadful diseases
like cancer,!” hepatitis,18 and diabetes.' Nano medicines have a lot of advantages, like
enhancement of absorption into tissues, selectivity in their mode of action, and
improvement of intracellular tissues.”**' Some nano technology based drugs for
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dreadful diseases are in trials, and some are commercially
available on the market.>** Nanomedicine offers many
possibilities to improve diagnosis and therapy, and can tackle
a series of diseases with more effectiveness and at an afford-
able price. Different types of metallic nanoparticles loaded
with antibiotic were synthesized. Amongst the metallic nano-
particles, silver nanoparticles showed a pronounced effect
against human immune deficiency virus type 1°* and hepati-
tis B virus.'® Efficiency, therapeutic value, and specificity of
with  the
nanoparticles.>> 2’ Different methods were employed for

medicinal drugs increase formation of
nanoparticles synthesis, among them a reduction of metal
salt with inorganic reducing agent at high temperature was
the most common method.**°

Rifampicin is a semisynthetic, broad spectrum antibiotic
used commonly for the treatment of tuberculosis.®'***
However, this drug is used to treat various other bacterial
infections, including Methicillin resistant Staphylococcus
aureus.> After its discovery it shortened the period of TB
chemotherapy as well as other chronic life-threatening bac-
terial infections with its penetrating power to deep tissues or
living cells as well as its RNA polymerase inhibition activ-
ity. Due to its penetrating power, it is also reported to treat
various biofilm-related infections.**>> With the passage of
time, the emerging resistance among microbes, and consid-
ering its adverse effects, researchers have found different
ways to improve its bioavailability with the least adverse
effect.*® Nanotechnology gives new worth to existing anti-
biotics by decreasing their size to nano level, which
results in an increase in cell permeability. Recently, nano-
conjugate of gentamicin and chlorhexidine showed better
biofilm inhibition and eradication efficacy.>’-*®

In current research we reported facile synthesis of rifam-
picin conjugated silver nanoparticles (Rif-Ag-NPs) with
slight modification in Tarkevisch method by using sodium
citrate as a reducing agent. Rifampicin is a broad spectrum
semi synthetic compound used for capping of silver nano-
particles. Seemingly the -NH, and -OH groups of rifampicin
are responsible for stabilization of Ag nanoparticles. The
antimicrobial, biofilm inhibition and eradication capability

of synthesized nanoparticles were also evaluated.

Materials and methods

Material

Silver nitrate (AgNO;) was purchased from Merck. Sodium
hydroxide (NaOH), hydrochloric acid (HCI), and Sodium
citrate were purchased from Sigma Aldrich. Antibiotics were

procured from Abbot pharmaceutical company (Islamabad).
Double distilled water was used throughout the experiment.
A nanoparticles spectrum was logged on a UV-Vis spectro-
photometer. The pH effect was checked using a pH meter
(Oakton, Eutech) equipped with glass working electrode.

Synthesis of nanoprticles
Synthesis of rifampicin conjugated silver nanoparticles
was carried out using Tarkevisch method.* Around
0.5 mM solution of silver nitrate was prepared by dissol-
ving 21.23 mg in 250 mL of double distilled water.
Similarly, 0.5 mM solution of rifampicin was prepared
by dissolving 102.86 mg in 250 mL of methanol/water
mixture because rifampicin has lower solubility in water.
For the synthesis, first silver nitrate solution was boiled at
100°C then followed by the addition of drug (which acts as
a capping agent) and sodium citrates. After addition of the
capping agent and reducing agent, a change in solution
color was observed, from reddish to dirty brownish.
Optimization of reaction was achieved by mixing dif-
ferent concentrations of metal to ligand. The concentration
ratio (metal: ligand) that gave the best absorbance value
was selected for nanoparticles synthesis. For recovery of
nanoparticles, synthesized nanoparticles were centrifuged
at 12,000 rpm for 15 minutes and followed by washing
with double distilled water in order to remove excess
reducing agent and antibiotic.

Stability of nanoparticles against pH

The pH meter with glass working electrode and reference
KCl was used for measuring pH of nanoparticles.
0.5 M solution of sodium hydroxide and hydrochloric acid
was prepared for checking the stability of nanoparticles
against a different range of pH. Nanoparticles stability was
checked in extreme acidic, basic, and neutral conditions.

Stability against brine solution
Nanoparticles stability was checked against different
concentrations of brine solution. The resulting solution was
kept at room temperature and, after 24 hours, UV-Vis spectra
were recorded. An increase in peak intensity suggested these

conditions were more favorable for growth of Rif-Ag-NPs.

Fourier transform infrared spectroscopy
(FTIR)

FTIR spectral data was recorded to ascertain the presence
of various functionalities present in the drug before and
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synthesized silver nanoparticles. For analysis, the resulting
suspension was washed with deionized water and was
freeze dried. The FTIR spectra was recorded on an IR
spectrophotometer (IR-460 Shimadzu, Kyoto, Japan).

Scanning electron microscopy (SEM)

For the confirmation of particle shape and surface morphol-
ogy of silver nanoparticles, SEM analysis was performed.
The samples were imaged in the SEM using a JEOL, JSM-
6510LA, Analytical Scanning Electron Microscope model
operated at 15 kV. For SEM examination, a small amount of
synthesized metallic nanoparticles was placed on a carbon-
coated grid at an operating voltage of 120 KeV.

Transmission electron microscope (TEM)
Various microscopy techniques are available for character-
ization of nanoparticles, however the transmission electron
microscope (TEM) and scanning electron microscope (SEM)
are arguably the most popular. The size and morphology of
gold nanoparticles were confirmed by TEM (Model: JEOL,
TEM-1400 Electron Microscope), operated at an accelerat-
ing voltage of 110 kV. The nanoparticles samples for TEM
analysis were prepared by drop-coating the gold nanoparti-
cles solution on carbon-coated copper grids.

AFM analysis

The size and morphology of the synthesized silver nano-
particles was determined by using an Atomic Force
Microscope (Agilent Technologies 5500, USA) Agilent
5500 operated in tapping mode.

Bacterial strains and growth conditions
Klebsiella pneumoniae (ATCC: 13882), Proteus mirabilis
(ATCC: 12453), Streptococcus mutans (ATCC: 25175),
methicillin resistant Staphylococcus aureus (MRSA;
ATCC: 43300), Enterobacter aerogenes (ATCC: 13048),
and Enterococcus faecalis (ATCC: 29212) were used in
this study. Except S. aureus and S. mutans, remaining
strains were cultured or maintained in tryptic soya agar/
broth (TSA or TSB) and MacConkeys agar (Oxoid, UK).
MRSA and S. mutans were cultured in brain heart infusion
(BHI) agar/broth (Oxoid) supplemented with 1% glucose
and sucrose, respectively. All the strains were grown aero-
bically at 37°C for 24 hours.

Minimum inhibitory concentration (MIC)
Antimicrobial activity of the synthesized rifampicin nano-
particle was determined by using broth microdilution

method by using a 96-well plate, as described before.*’
Standard drug and its synthesized nanoparticles were seri-
ally (2-fold) diluted Mueller Hinton broth (Oxoid) fol-
lowed by addition of each bacterial lane in their
respective wells at 5x10° CFU/mL. Each lane was supple-
mented with vehicle control (1% DMSO), positive control,
and negative controls. Minimum inhibitory concentration
(MIC) was noted after incubation for 24 hours at 37°C.
The lowest concentration of compound which inhibited the
growth was considered the MIC.

Biofilm inhibition potential of the

compounds

Biofilm inhibiting potential of the standard Rifampicin
drug and its nanoparticle was determined by using crystal
violet method, as described previously.*®*! Biofilm inhibi-
tion was evaluated by using the following equation:

% biofilm inhibition
= {(0.D. in control — O.D. of test)/O.D. in control}x 100

Effect of compounds on biofilm viability
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT dye) was used to evaluate the biofilm viability
after treatment with rifampicin and its nanoparticle.
Biofilm viability was determined in 96 well plate as
described earlier by our group.** Briefly, after overnight
incubation with drug and its nanoconjugate the spent med-
ium was aseptically aspirated, washed and stained with
200 pL of 0.5 pg/mL MTT solution for 3 h at 37 °C.
After incubation the formazon crystals formed due to
metabolically active cells were dissolved in DMSO (200
pL) and A570 was determined using a microtiter plate
reader (Tecan, Austria USA). Metabolic inhibition was
computed by using following equation:

Reduction in Viability (%)
=100 — (OD treated at 570nm/OD control at 570nm)x 100

Eradication of established biofilm

The biofilm eradicating potential of the rifampicin and its
nanoconjugate were determined by crystal violet
method.*> Briefly, overnight grown static biofilms of
MRSA, K. pneumoniae and S. mutans were treated with
different concentrations and incubated again overnight.
Each lane was also supplemented with positive and nega-

tive controls. Biofilm eradicating potential was also
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visualized microscopically by using a Nikon TE 2,000
Inverted microscope (Nikon, Japan).

Statistical analysis
For the analysis of data, the Student's #-test was utilized by
using SPSS ver. 20 (IBM, USA).

Results

Nanoparticles alone are unstable because of their high sur-
face energy.*’ Rifampicin, a broad spectrum antibiotic, was
used as a capping agent to lower surface energy and to avoid
the formation of nano aggregates (structure and capping
ability was shown in Figures 1 and 2). Sulfur, hydroxyl,
and amino groups are well known for formation of silver and
gold nanoparticles. UV-Vis spectra of rifampicin conjugated
silver nanoparticles showed a sharp peak at 330 nm, which is
the characteristic of silver nanoparticles.

Reaction optimization

Nanoparticles were optimized using different metal-to-drug
ratios, followed by addition of reducing agent. Rif-Ag-NPs
were synthesized using a chemical synthesis method. In this
method, silver salt solution was boiled, followed by addition
of sodium citrate and capping agent (rifampicin). Upon
addition, the solution color changes from reddish to dirty
brownish, which confirms the synthesis of nanoparticles.
The best optimized ratio was found to be 1:1 (metal: drug).
The optimizing ratio at which UV-Vis absorbance was found
to be maximum was considered for nanoparticles synthesis.
With a further increase or decrease in metal salt or drug
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Figure 2 Capping action of rifampicin with silver nanoparticles.
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concentration, a decline in UV-Vis spectra was observed,
which confirmed the instability or decomposition of nano-
particles. Reaction optimization of Rif-Ag-NPs has been
shown in Figure 3.

Heat effect

The stability pattern for synthesized nanoparticles against
different temperature, ie, 25°C, 50°C, 75°C, 100°C have
been shown in Figure 4. Heat effect was checked to
optimize best reaction conditions for the synthesis of
nanoparticles. Higher temperature was selected for the
synthesis because nanoparticle showed maximum absorp-
tion. Direct relation was observed between absorbance
and temperature (elevation in temperature caused an
increase in absorbance) due to increase in reaction
kinetics. Increasing temperature leads to faster reduction
of Ag"' to Ag°®. A temperature between 80—100°C was
considered an optimum condition for nanoparticles synth-
esis, or complete reduction of metal salt to nanoparticles
took place at this temperature.***> Temperature is a key

on which the
30,46

factor size of nanoparticles was

dependent.

Stability against brine solution

The stability of nanoparticles was checked against differ-
ent concentrations of brine solution. Nanoparticles were
found to be
Absorbance intensity increases with an increase in brine

stable at all concentrations of brine.

concentration. Citrate synthesized Rif-Ag-NPs were nega-
tively charged. Increasing the concentration of brine
against negatively charged surface nanoparticles resulted
in an increase in electrostatic interaction between Na' ion
and nanoparticles surface.*’ These increased electrostatic
interactions then resulted in shielding of the anoparticles
surface and attributing greater stability to negatively
charged nanoparticles in brine solution.*® Rifampicin con-
jugated silver nanoparticles were synthesized using
sodium citrate, so they were negatively charged and pos-
sessed stability against all concentrations of brine, as
shown in Figure 5.

Capping agent ‘ .

QO
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Figure 3 Reaction optimization of rifampicin conjugated silver (Rif-Ag)
nanoparticles.
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Figure 4 Heat effect on synthesis of nanoparticles.

Stability at different ranges of pH

Nanoparticles are sensitive to environmental change, and
changing the pH of silver or gold nanoparticles will have
a pronounced effect on particle size and surface charge.*®
Nanoparticles of various sizes and shapes can be synthesized
by altering the pH of reaction medium, as the reduction
activity of citrate depends upon pH of medium.*’ An increase
in pH causes a corresponding increase in citrate activity.”
The nanoparticle itself was found to be acidic in nature,
having a pH of 4-5. In the case of Rif-Ag nanoparticles, an
increase in absorbance intensity with an increase in pH was
also noted from pH 2-7. Red shift (black) in Rif-Ag-NPs

Wavelength (nm)

Figure 5 Stability of rifampicin conjugated silver (Rif-Ag) against brine solution.

wavelength was observed due to a decrease in particles size
in extremely acidic conditions,’" as shown in Figures 6A and
B. Increasing pH from acidic neutral medium will show an
increase in absorption intensity with no redshift in surface
plasmon resonance (SPR). As pH of Rif-Ag-NPs solution
increases from 2 to 7, nanoparticles stability also increases
because of a decrease in concentration of OH ™ ions.>* In the
case of rifampicin conjugated silver nanoparticles, rifampicin
is acidic in nature because of the presence of phenolic func-
tionality. In an acidic environment they accept protons from
the surrounding medium and interactions between ligand and
silver nanoparticles surface decreases and will result in for-
mation of aggregates. Moreover Rif-Ag-NPs were citrate
synthesized, so they were unstable in extreme acidic
conditions.

FTIR analysis

FTIR spectra of rifampicin were recorded before and after
formation of nanoparticles, as shown in Figure 7. In the
case of rifampicin, absorption bands of -NH, -OH,-C=0
(Amide group), —-C=0 (Keto group), and C=C- stretching
bands appear at 3,483, 2,972, 1,790, 1,650,
1,556 cm'. The peak at 3,483 cm ' became broadened
and showed conjugation of the -NH group to the nano-

and

particles surface.”> Compounds containing hydroxy and
amine functional moiety in its structure were considered
best for silver and gold nanoparticles synthesis.’*>’
Sodium citrate was responsible for reduction of the
amide group. The FTIR spectra of rifampicin conjugated

silver nanoparticles and rifampicin are given in Table 1.
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Figure 6 (A) pH effect on stability of rifampicin conjugated silver nanoparticles (Rif-Ag-NPs). (B) pH effect vs absorbance intensity.
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Figure 7 FTIR spectra of rifampicin and rifampicin conjugated silver (Rif-Ag)
nanoparticles.

Table | FTIR spectra assignment of free rifampicin and Rif-Ag
nanoparticles

Free Rifampicin | Rif-Ag Nanoparticles | Assignment
3,483 cm™! — v (-NH)

2,972 cm™ 2,972 cm™ v (-OH)

1,650 cm™' 1,650 cm™' v (-C=0)

1,797 cm™' 1,797 cm™' v (HN-C=0)
1,556 cm™' 1,556 cm™' v (-C=C-)

Abbreviations: FTIR, Fourier transform infrared spectroscopy; Rif-Ag, rifampicin
conjugated silver.

AFM analysis of rifampicin conjugated

silver nanoparticles

Atomic force microscopy (AFM) was used to study sur-
face properties of Rif-Ag nanoparticles, which showed that
Rif-Ag nanoparticles are of round oval shape, having an
average particle size of 15+4 nm (Figure 8). AFM data

was further supported by performing TEM of Rif-Ag
nanoparticles. Transmission electron microscopy also con-
firmed the size and shape of nanoparticles and was in
strong agreement with AFM results.

TEM and SEM analysis

TEM and SEM analysis were performed to study morpho-
logical properties of Rif-Ag-NPs. From TEM images we
conclude that synthesized nanoparticles were polydispersed
with a round oval shape with an average particle size of 18
+4 nm. The SEM analysis revealed that particles were nearly
round spherical and clumpy shaped. The average particles
size of nanoparticles was found to be 15+4 nm. Figures 9A
and 10 show the morphological characteristics of Rif-Ag-
NPs. As particles were not round, but were irregular, then
we need to make two measurements for each particle, the
“minimum diameter” and the “maximum diameter”. We
used the area-weighted diameter for average, standard devia-
tion, and histogram (as shown in Figure 9B).

Antibacterial and antibiofilm activities

The antibacterial activity of the free rifampicin and its nano-
particles was similar against all the strain, except
E. aerogenes and S. mutans. Free rifampicin was more
active against these two strains (Table 2). Known for its
penetrating power, rifampicin also showed good biofilm
inhibitory and eradication activity. But the synthesized nano-
particle was found to be more potent against K. pneumoniae,
S. mutans, and MRSA, ie, inhibits >90% biofilm at low
doses as compared to rifamipicin alone. Synthesized

nanoparticles significantly inhibit the biofilm formation
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Figure 8 AFM images showing particles size distribution.

50 nm

nm

35

30

- 25

- 20

=15

=10

40

35 4

30

25 4

20 4

Particle number (nm)

100 nm

. ]

T T T T T T
1-5 5-10 10-15 15-20 20-25 25-30

Particles size (nm)

Figure 9 (A) TEM images of rifampicin conjugated silver (Rif-Ag) nanoparticles. (B) Particle size of nanoparticles distribution.

1.5-times more as compared to free rifampicin against
K. pneumoniae and methicillin resistant Staphylococcus aur-
eus (Table 2). Nanoparticles of different drugs and natural
compounds have shown enhanced biofilm eradicating

potential.*®

So, considering good biofilm inhibiting potential
against K. pneumoniae and MRSA, the biofilm eradicating
potential of rifampicin was also evaluated in this study
against these strains and compared with rifampicin alone.
Synthesized nanoparticles showed 1.5-2-times more pene-
trating potential as observed by biofilm eradication
and percentage viability reduction as compared to rifampicin

alone (Table 3; Figure 11). Our results are also in

comparison to other studies which also showed the enhanced
biofilm penetrating power of nanoconjugates as compared to
for future studies,
nanoparticles can be studied for their intracellular uptake

drug alone.’*” So, synthesized
to deal with intracellular infections and to determine the
mechanism of action.

Conclusion
Rif-Ag-NPs were synthesized using a mild reducing agent
such as sodium citrate using standard procedure. Other mild
reducing agents such as trialkyl amine, were also used, but
failed to obtain fruitful

results. Spectroscopic and

International Journal of Nanomedicine 2019:14

submit your manuscript

3989

Dove


http://www.dovepress.com
http://www.dovepress.com

Farooq et al

Dove

Figure 10 SEM images of rifampicin conjugated silver (Rif-Ag) nanoparticles.

Table 2 Antimicrobial and biofilm inhibition activity of raifampicin and its synthesized nanoparticle

Organisms Rifampicin Rifampicin nanoparticle

MIC (pg/mL) MBIC (ug/mL) | Biofilm % MIC (pg/mL) MBIC (ug/mL) | Biofilm %

inhibition inhibition

Enterobacter aerogenes 2 2 41.78+5.1 8 4 37.29+2.5
Enterococcus faecalis 8 4 46.4712.0 8 4 31.36x1.1
Klebsiella pneumoniae 4 2 66.45+8.2 4 | 94.65+1. |
Proteus mirabilis 4 4 44.6%3.3 4 4 28.6%+2.0
Streptococcus mutans 0.05 0.1 92.46+0.8 0.2 0.1 90.6+2.1
Methicillin Resistant 0.012 0.003 64.94£2.5 0.025 0.003 93.53+0.2%%
Staphylococcus aureus

Notes: ***Statistically significant (P<0.05) as compared to free rifampicin.
Abbreviations: MBIC, minimum biofilm inhibitory concentration; MIC, minimum inhibitory concentration.

Table 3 Preformed biofilm eradication capability of rifampicin and its synthesized nanoparticle

Organisms

Rifampicin

Rifampicin nanoparticle

Biofilm eradi-

Biofilm (%)

Biofilm viabi-

Biofilm eradi-

Biofilm (%)

Biofilm viabi-

Staphylococcus aureus

cation dose eradication | lity (%) cation dose eradication | lity (%)

(ng/mL) reduction (ng/mL) reduction
Klebsiella pneumoniae 10 26.3+3.8 20.37+1.2 | 40.25£0.9%* 52.12%|. 7%
Methicillin Resistant | 52.69+6.2 33.62+0.5 | 69.21 %] 4% 49.71£0.98**

Note: **P<0.01, ***P<0.001.

spectrometry techniques were performed for characterization
of Rif-Ag nanoparticles. FTIR spectra proved conjugation
of —OH and —NH,, functional moiety to silver nanoparticles,
while TEM and AFM images revealed that nanoparticles
were round oval in shape with an average particle size of
18+4 nm. Furthermore, synthesized rifampicin capped silver
nanoparticles were water-soluble and less toxic. Antibiofilm
activity of Rif-Ag-NPs was checked against certain species

of bacterial pathogens. A considerable increase in antibiofilm
activity was observed for Rif-Ag-NPs. Microscopic images
of rifampicin nanoparticle showed more inhibition at a higher
dose of rifampicin. Rifampicin and its nanoparticles were
most active against Streptococcus mutans and MRSA at
lowest concentrations. Moreover, rifampicin was found to
be moderately active and its nanoparticle highly active
against K. pneumoniae.
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Methicillin resistant staphylococcus aureus

et

'.'.»';}“- ‘-‘( = '-,:}Si"r—-.g"f 2

Rifampicin 1pg/ml

Rifampicin nanoparticle 1ug/ml

Positive control

Klebsiella pneumoniae

Rifampicin 10ug/ml

Figure |1 Biofilm eradicating potential of rifampicin and its nanoparticle.
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