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Kaempferol and combretastatin are polyphenolic compounds derived from plant sources which are known for their antibacterial
activity. However, owing to their large size and water insolubility, their antibacterial activity is limited. In this context, the
present study focused on the nanoformulation of kaempferol (NF-k) and combretastatin (NF-c) and their influence on water
solubility and antibacterial properties. The NF-k and NF-c were prepared using the solvent evaporation method and were
thoroughly characterized for evaluating the morphology, molecular vibrations, size, etc. Based on the results, it is observed
that the pristine forms of kaempferol and combretastatin drugs get nanoformulated and completely soluble in water. Using
particle size analyzer, the particle sizes of NF-k and NF-c were estimated as 334nm and 260 nm, respectively, which are
very fine compared to pristine kaempferol and combretastatin (5193nm and 1217nm, respectively). The molecular
vibrations that exist in NF-k and NF-c were confirmed by the Fourier transform infrared spectra, where the
nanoformulated drug showed lower intensities than the pristine form of kaempferol and combretastatin. The drug release
kinetics of the nanoformulated drugs were carried out using the dialysis membrane method and were compared with their
pristine forms. Owing to the size effect, the NF-k and NF-c release up to 50% of the drug in a sustained manner till 50h
showing twofold higher concentration than the control where it released 25%. The antibacterial activity was assessed by
measuring the optical density at 600nm using UV-vis spectrophotometer and displayed significant activity against gram-
positive Staphylococcus aureus strain. The mechanisms behind the antibacterial activity of NF-k and NF-c were discussed
in detail. The activation of ATP-dependent efflux pump system and the blockage of porin channels could be the cause for
the bactericidal activity. Our understanding of efflux pumps and their role in antibacterial activity is still in its early stages.
No studies have been performed to date using nanoformulations of kaempferol and combretastatin to investigate their
roles. This complicates the determination of the exact mechanisms acting against bacterial growth when using
nanoformulation drugs. Our increasing knowledge of water-soluble nanoformulation drugs and their roles in reduced
bacterial activity will pave the way to developing effective treatments in the future.
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1. Introduction

Bacterial diseases are an essential reason for persistent and
infectious lethality. Antibiotics seem to be the preferential
treatment strategy for bacterial diseases in the interest of
their low-cost adequacy and incredible results. Nevertheless,
a few investigations have given absolute proof that the ines-
capable utilization of antibiotic agents has prompted the
development of multidrug-resistant bacterial strains. Previ-
ous findings have revealed that Enterobacteriaceae microbes
express a resistance gene known as NDM-1 [1]. A signifi-
cant group of antibiotics used have limited focus on transla-
tional machinery, DNA replication machinery, and cell wall
synthesis. Unfortunately, microbial resistance can be created
against any one of these methods of activity. The mecha-
nism of microbial resistance comprises the expression of
enzymes that change or else corrupt antibiotics, such as
aminoglycosides and p-lactamase [2], alterations of cell
components, like the ribosomes in tetracycline resistance,
cell wall in vancomycin resistance [3], and articulation of
efflux pumps, which give synchronous resistance opposing
to different antibiotics [4]. To counteract multidrug resis-
tance developed by the bacterial strains, nanoparticles are
employed. However, the use of nanoparticles is inappropri-
ate due to their method of action. The indirect contact with
the bacterial cell wall facilitates antibacterial activity rather
than infiltrating into the cell, which declines its commercial
viability. In this context, more attention has been focused
on developing novel and exhilarant nanoparticles with anti-
bacterial activity.

Kaempferol is a flavonoid present in many vegetables, fruits,
and herbs, including grapes, tomatoes, grapes, tea, and broccoli
[5]. Kaempferol shows several biological activities, including
antioxidant, anti-inflammatory, antimicrobial, antidiabetic,
and anticarcinogenic [6-10]. Combretastatin A4 is a natural
stilbenoid phenol derived from South African bushwillow
(Combretum caffrum). Combretum species have antitumor
and antimicrobial activities [11, 12]. They are extensively used
to treat syphilis, abdominal pains, conjunctivitis, diarrhea,
toothache, peptic ulcer, dysentery, jaundice, skin, heart, and
cancer diseases [13]. However, very few studies have been
reported on the antibacterial activity of nanoformulated kaemp-
ferol and combretastatin. Hence, the present research is aimed
at formulating the kaempferol and combretastatin in nano
regime and studying their structural, drug release kinetics, and
antibacterial activity against gram-positive bacteria.

2. Materials and Methods

2.1. Materials Required. Kaempferol (>97.0% pure), combre-
tastatin (>97.0% pure), and sodium dodecyl sulfate were
obtained from Sigma-Aldrich. Ethanol (99% pure) was pur-
chased from Changshu Chemicals Co., Ltd.,, and Luria-
Bertani broth was purchased from HiMedia. N-Hexane
(95% pure) and dimethyl sulphoxide (DMSO, 99% pure)
were purchased from SRL laboratories Pvt. Ltd. Staphylococ-
cus aureus was obtained from the research collection at
Chettinad Hospital and Research Institute.
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2.2. Nanoformulation of Kaempferol (NF-k). The kaempferol
was nanoformulated using the solvent evaporation method
(Figure 1) [14]. Briefly, kaempferol was dissolved in ethanol
to achieve a final concentration of 5mg/ml. To the above
solution, a known quantity of 0.2% sodium dodecyl sulfate
solution (SDS) was added and stirred. Under constant stir-
ring, hexane (antisolvent) was added to the mixture where
the ratio of solvent and antisolvent was maintained at
1:20. Then, the mixture was continuously stirred for 3h at
150 rpm and held at 30°C overnight. After complete evapo-
ration of the solvent, the powder formed was crushed. It
was subjected to various physiochemical characterization
studies to determine the morphology, size, and molecular
vibrations in NF-k.

2.3. Nanoformulation of Combretastatin (NF-c). The com-
bretastatin was also nanoformulated using the same solvent
(Figure 2) evaporation method. Briefly, in ethanol, 5 mg/ml
concentration of combretastatin was dissolved, and to this
solution, 0.2% SDS was added. Under constant stirring, hex-
ane (antisolvent) was added in a dropwise manner maintain-
ing the ratio of solvent and antisolvent as 1:20. The mixture
was continuously stirred for 3h at 150 rpm and kept at 30°C
overnight. After evaporating the solvent, the powder formed
was crushed by mortar and pestle and subjected to various
physiochemical characterization processes.

2.4. Characterization Techniques. Particle size distributions
of the NF-k and NF-c were determined using the dynamic
light scattering (DLS) technique (Malvern Zetasizer, USA).
The particle size distributions of the nanoformulated drugs
were recorded by dissolving 100 ul of prepared nanoformu-
lation into 900 ul of solvent. To elucidate the molecular
vibrations that exist in the pristine and nanoformulated
drugs, fourier transform infrared (FTIR) spectroscopy was
used with attenuated total reflection mode. Adequate quan-
tity of sample was placed on the crystal surface, and the
spectra of NF-k and NF-c were recorded in the range
4000cm™-500cm™’ (Model BRUKER-ALPHA, Germany)
using OPUS software. FTIR spectroscopy characterizes the
characteristic functional groups present in the test samples
originated from the different molecular bonds unique vibra-
tion and rotational energies. The morphology and size of the
nanoformulated drugs were analyzed using scanning elec-
tron microscopic (SEM) images (HITACHI SU3500, Japan).

2.5. Solubility Test. The kaempferol and combretastatin both
were insoluble in water in their pristine form. After nano-
formulation, both drugs become water-soluble and were
validated through the solubility test using Milli-Q water.
Solubility test was performed by suspending 1 mg of NF-k
and NF-c in 10 ml of Milli-Q water and compared with its
pristine counterpart.

2.6. Drug Release Kinetic Assay. The drug release kinetic
assays were carried out for NF-k and NF-c using the dialysis
membrane method. Separately, the NF-k and NF-c were
suspended in water. In contrast, the kaempferol and com-
bretastatin were suspended in DMSO (as they are insoluble
in water), placed in the dialysis membrane, and immersed
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in a beaker containing 100 ml of phosphate-buffered saline
(PBS). The beaker was kept on a magnetic stirrer at a speed
of 250 rpm. In specified time intervals, an appropriate quan-
tity of the samples were withdrawn from the beaker
(replaced by fresh PBS medium). It was analyzed using a
UV-vis spectrophotometer at 373nm for kaempferol [15]
and 289nm for combretastatin [16]. The improvement in
the absorption value was directly influenced by the quantity
of drug released to the PBS solution.

2.7. Antimicrobial Activity. The antibacterial activity of NF-k
and NF-c against gram-positive Staphylococcus aureus was
assessed using UV-vis spectrophotometer. 10 ml of an over-
night culture of Staphylococcus aureus strain was prepared.
Afterward, to the 5ml of LB broth, 0.3ml of overnight
culture was added. To the above bacterial culture, different
concentrations (5 pul, 10 ul, 20 g1, 50 pl, and 100 ul) of NF-k
and NF-c were added and incubated for 24h, 48h, and
72h at 37°C. After the incubation period, the optical density
(OD) measurements were recorded at 600 nm. The experi-
ments were performed in triplicate, and the statistical analy-
sis was carried out using Excel. SEM images were recorded
to assess the morphology of Staphylococcus aureus before
and after treatment with nanoformulated drugs. The NF-k
and NF-c were mixed with the culture of Staphylococcus
aureus separately and were incubated overnight at 37°C.
After incubation, the samples were centrifuged, and the
pellet was collected and washed thrice with PBS. After PBS
wash, the samples were fixed with 2.5% glutaraldehyde solu-

tion for 2 h. Finally, samples were dropped on a sterile cov-
erslip and air-dried at room temperature. All samples were
coated with gold before recording the microscopic images.

3. Results

The kaempferol and combretastatin phytochemicals were
nanoformulated through the solvent evaporation method
and are subjected to various studies. The solubility of NF-k
and NF-c prepared through the solvent evaporation method
was evaluated by dispersing it in Milli-Q water. When nano-
formulated drugs were added to the water, they were easily
distributed, ensuring a hydrophilic nature (Figure 3(a)). In
contrast, when pristine kaempferol and combretastatin were
added to water, the drugs are found insoluble. They were
floating over the surface of the water, validating the hydro-
phobic nature of the drug (Figure 3(b)). Therefore, it was
substantiated that the nanoformulation converts the wetting
behavior of the drug from hydrophobic to hydrophilic in
nature.

To confirm the nano regime of prepared NF-k and NF-c
compared to the micron-sized pristine drugs, DLS measure-
ments were recorded. The nanoformulated drugs were ultra-
sonicated for 1h before recording DLS measurement. The
average particle size distributions of control kaempferol and
NF-k were found as 5193 nm and 334.3 nm, respectively, hav-
ing a polydispersity index (PDI) of 0.497 (kaempferol) and
0.207 (NF-k) (Figures 4(a) and 4(b)). Likewise, the particle size
distributions of control combretastatin and NF-c were
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FIGURE 3: Photographs of drugs suspended in Milli-Q water. (a) Kaempferol and NF-k. (b) Combretastatin and NF-c.

1217 nm and 260.5 nm, respectively, with PDI 0.503 and 0.125
(Figures 4(c) and 4(d)). The obtained results showed that the
particle size of the drugs reduced significantly with nanofor-
mulation and have lower PDI below 0.25.

The FTIR spectra of the pristine kaempferol and synthe-
sized NF-k were shown in Figure 5(a). The spectrum of pris-
tine kaempferol exhibited bands at 3314 cm™ and 3420 cm’’,
confirming the presence of the O-H stretch. The aromatic
groups and C-O, C-H, C=C, and C=0O were observed at
818cm™, 1177cm™, 1381cm™, 1607cm™, and 1666cm™,
respectively. The FTIR spectrum of NF-k also shows similar
peaks at 822 cm'l, 1177 cm'l, 1381 cm'l, 1615 cm'l, and
1661 cm™ ascribed to the aromatic groups and C-O, C-H,
C=C, and C=0 functional groups, respectively. Even though
similar bands were observed in the spectrum of both pure
kaempferol and NF-k, the transmittance intensity originated
from NF-k was lower than the pristine form. This phenom-
enon was due to the presence of amorphous constituents in
the prepared NF-k [17]. The presence of amorphous constit-
uents improves the solubility of the drug in water than pris-
tine kaempferol [18]. Moreover, the peaks obtained at
2918 cm™ and 2851 cm™ ascribed to C-H stretching vibra-
tion originated from the long-chain C of SDS substantiate
that the SDS molecules were sorbed with kaempferol while
nanoformulation [19].

The FTIR spectra of the pristine combretastatin and syn-
thesized NF-c were shown in Figure 5(b). Likewise, the FTIR
spectrum of control combretastatin exhibits a band at trans-
mission peak 3510 cm™, representing the O-H stretch. C=C,
C-H, and C-O were also observed at 1584cm’’, 1329cm™,
and 1125cm™, respectively. The NF-c also showed similar
peaks at 3509 cm™, 1580 cm™, 1329 cm ™, and 1125 cm ™, cor-
responding to O-H, C=C, C-H, and C-O, respectively, with
lesser intensity. Here also, the reduction in peak intensity
indicates an amorphous structure, which improves the solu-
bility and dissolution rate of NF-c than pristine combretasta-
tin. As with NF-k, NF-c possesses peaks at 2918 cm™ and
2849 cm’™’ originated from the C-H stretching of SDS that
was sorbed along with NF-c during the preparation process.

The particle size and morphology of the NF-k and NF-c
were assessed through SEM micrographs (Figures 6(a) and

6(b)). From the SEM image, it was inferred that the size of
the NF-k was ranged within ~270 nm with spherical-shaped
structures, whereas NF-c also shows near-spherical-shaped
structures with a size range within ~250 nm. The nanoformu-
lated drugs have a certain degree of monodispersity, which is
an important prerequisite for drug development.

The drug release kinetics assay for the pristine and
nanoformulated drugs was performed to elucidate the supe-
riority of the nanoformulated drugs over pristine drugs
(Figures 7(a) and 7(b)). The obtained results displayed a
whopping 52% release of NF-k drug in 50h, whereas the
kaempferol releases only 25%. Likewise, 47% NF-c was
released in 50h, whereas combretastatin releases only 24%
of the drug. From the results, it was inferred that the nano-
formulated drugs release more of their constituent mole-
cules than their pristine forms. Further, the drug release
kinetic of NF-k was better than NF-c.

The antibacterial activity of NF-k and NF-c at different
concentrations was assessed by recording the OD value at
600 nm against gram-positive Streptococcus aureus and was
compared with the control (without drug). At concentra-
tions 5pul, 10 ul, 20 pl, 50 pl, and 100 ul, NF-k displays OD
values as 0.4, 0.39, 0.38, 0.32, and 0.25, respectively, and
NF-c displays OD values as 0.49, 0.47, 0.43, 0.45, and 0.36,
respectively, after 24h of incubation, whereas the control
shows OD value of 0.52. Likewise, after 72h, NF-k and
NEF-c display OD values of 0.3 and 0.45 for 5yl concentra-
tion and OD values of 0.24 and 0.35 for 100 yl concentration
(Figures 8(a) and 8(b)). The obtained results substantiated
that the NF-k and NF-c displayed prominent antibacterial
activity showing a considerable reduction in the OD value
attributed to the inhibition in bacterial growth.

The SEM micrographs of the bacterial cells were
recorded before and after treating with nanoformulated
drugs and were shown as Figures 9(a)-9(c). From the micro-
graphs of the control specimen, it was clear that the Staphy-
lococcus aureus with spherical morphology having a high
degree of growth (Figure 9(a)). However, after treating with
nanoformulated drugs, the bacterial population was found to
be declined ascribed to the antibacterial activity of the nano-
formulated phytochemicals (Figures 9(a) and 9(b)).
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FIGURE 4: DLS measurements of (a) kaempferol, (b) NF-k, (c) combretastatin, and (d) NF-c.

4. Discussion

Both the kaempferol and combretastatin were insoluble in
water [17] and were soluble in organic solvents like DMSO
and ethanol. However, it has been reported that the poorly
aqueous soluble drugs displayed better solubility through
nanoformulation [18, 19]. Bhawana et al. [20] improved
the solubility of the curcumin in water through nanoformu-

lation that has more effective antibacterial activity than the
curcumin suspended in DMSO. The improved activity
was due to the reduction in particle size. The size was
40nm for nanoformulated curcumin, which was much
lower than the curcumin dissolved in DMSO, showing
800nm. A 20-fold decline in the particle size resulted in
improved diffusion and higher uptake by the cells, leading
to better antibacterial efficacy of the nanoformulated drug.
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Qian et al. [17] improved the bioavailability of kaempferol
by 2.92 times that of pristine kaempferol through the
preparation of nanosuspension. In the present study, the
size of kaempferol and combretastatin wasreduced signifi-
cantly through the solvent evaporation technique. From
the obtained results, it was cleared that the sizes of kaemp-
ferol and combretastatin show ~15-fold and ~5-fold
reduction, respectively, while nanoformulation. In the
present work, the nanoformulated drugs displayed better
solubility in water than their pristine forms.

As the particle size reduces, the surface energy increases,
leading to the higher wetting ability of the nanoformulated
drugs in the aqueous medium resulting in better solubility.

The solvent evaporation technique facilitates the formu-
lation of drugs in a nanoregime compared to other literature
techniques. Qian et al. [17] nanoformulated kaempferol
through high-pressure homogenization and reduced the

particle size from 1737 nm to 424 nm. Likewise, Zhao et al.
[21] prepared the combretastatin nanoparticles. They
reported the particle size of combretastatin nanoparticles
which is 153 nm in diameter. Zhang et al. [22] formulated
the combretastatin nanoparticles and noted the size of
55nm in diameter. Shen et al. [16] prepared the PLGA-
loaded combretastatin nanoparticles using the nanoprecipi-
tation method and found that the size reduced to 208 nm.
Therefore, the solubility of NF-k and NF-c in an aqueous
medium can be attributed to its nanosized regime prepared
through solvent precipitation technique, where SDS was
used as an ionic stabilizer. Further, the PDIs of both NF-k
and NF-c were less than 0.25, substantiating that the parti-
cles were uniformly distributed, which validates the solvent
evaporation technique [23].

FTIR analysis was carried out to elucidate whether
kaempferol and combretastatin’s molecular structure has
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changed while nanoformulation. Previously, few investiga-
tions were reported on the FTIR results of NF-k. Qian
et al. [17] reported the FTIR characterization of pure kaemp-
ferol and NF-k. The results showed lower intensities and no
major shifts in the FTIR peaks of NF-k compared with pure
kaempferol. Telange et al. [24] reported the FTIR character-
ization of pure kaempferol and kaempferol-phospholipid
complex. The results showed that the interaction of kaemp-
ferol with phospholipid showed novel peaks when compared
to pure kaempferol. The present study results can be agreed
with the earlier reports. There are no studies reported on the
FTIR spectra of NF-c and combretastatin.

From Figure 3, it was clear that the FTIR of NF-k and
NF-c showed peaks the same as that of their pristine forms,
substantiating that the kaempferol and combretastatin mol-
ecules present in NF-k and NF-c do not lose their functional

groups. Further, the intensities of the peaks werefound to be
decreased with nanoformulation, which validates the forma-
tion of nanosized particles. Moreover, after nanoformula-
tion, extra peaks emerged from the SDS molecules sorbed
along with NF-k and NF-c. SDS presence also improves
the solubility of the nanoformulated drug in water through
its hydrophilic tail. Therefore, it is understood that the solu-
bility of NF-k and NF-c is because of the nanosized effect
and the presence of SDS molecules.

The particle size and morphology of NF-k and NF-c were
determined from the SEM images. As seen in the previous lit-
erature data, the NF-k and NF-c have spherical-shaped struc-
tures [15, 25]. This may be due to the presence of SDS
molecules where it may facilitate the formation of micelles
while the drug may be encapsulated within the hydrophobic
compartment. Similar spherical-shaped structures were
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obtained for kaempferol-loaded lecithin/chitosan nanoparti-  tin nanoparticles using SDS as a surfactant. Further, Zaid

cles (KAE-LC NPs) when tocopheryl polyethylene glycol suc- et al. [26] used PVA as a surfactant to prepare spherical-
cinate was used as the surfactant by Sedef et al. [15]. Likewise, =~ shaped combretastatin A4-loaded poly(L-lactide-co-glyco-
Paramita et al. [25] prepared near-spherical-shaped hespere-  lide) (CA4-loaded PLGA NPs). Therefore, it is evident that
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the presence of SDS surfactant molecules promotes the for-
mation of spherical-shaped NF-k and NF-c particles. Also,
it was inferred that the sizes of NF-k and NF-c were in the
nano regime, validating the superiority of the solvent precip-
itation technique.

The drug release kinetic assay was carried out using the
dialysis membrane method. Previously, Sedef et al. [15]
reported the drug release kinetics of KAE-LC NPs (200 nm
to 350nm), where the results revealed that the KAE-LC
NPs released 82% of the drug in 24h (25°C). Likewise, Zaid
et al. [26] reported the drug release kinetics of CA4-loaded

PLGA NPs revealed the release of 87% drug in 17 days
(37°C). In the present investigation, the obtained results
showed that the kaempferol and combretastatin suspended
in DMSO release 20% and 21% drug, respectively, in the first
6h after that release rate is slow down up to 50h reaching
25% and 24%, respectively. However, in the case of NF-k
and NF-c, a higher percentage of drugs, i.e., 52% and 47%,
respectively, was released in a sustained manner which was
found higher than the pristine drugs and lower than the
reported nanoformulated drugs. The difference in the release
kinetics for nanoformulated medicines with their pristine
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forms and literature data was influenced by particle size
and composition changes. The improved release kinetics
of NF-k and NF-c than their pristine forms increase their
antibacterial activity. In contrast, the declined release rate
than the literature data will allow the safe circulation of
nanoformulated drugs in the bloodstream without releas-
ing a lethal amount to the healthy tissue.

The antibacterial activity of NF-k and NF-c was ana-
lyzed by evaluating the OD values after incubation with
bacterial strain. For both the nanoformulated drugs, the
concentration-dependent antibacterial activity trend was
elucidated. Also, it was clear that the bactericidal action
was higher in the first 24 h of incubation. The activity sus-
tains for 72h may be due to the sustained release of the
nanoformulated drugs. The presence of SDS does not take
part in the antibacterial activity since their percentage in
the nanoformulation preparation procedure was found to
be very low (0.2%) [27]. As the literatures dealing with
the antibacterial activity of the NF-k and NF-c were very
scarce, the mechanism behind the bacterial growth inhibi-
tion is not yet revealed. However, through previous studies
on the antibacterial activity of nanoformulated phyto-
chemicals, it is clear that the possible mechanisms behind
the bactericidal activity of NF-k and NF-c are either acti-
vation of ATP-dependent efflux pump system or blocking
of porin channels.

Compared with pristine drugs, the nanoformulated
drugs have a small size which makes the drugs more com-
fortable to enter through the bacterial cell wall. The efflux
pump, which is present on the surface of the cell wall, allows
the bacteria to control the internal environment by remov-
ing the toxic substances, including metabolites, antibacterial
agents, and quorum sensing signal molecules [28]. Previous
studies revealed that the efflux pump present in Staphylococ-
cuswas NorA [29-31]. However, the efflux pump requires
more ATP to remove the nanoformulated drugs present
inside the cell wall. Due to the continuous extrusion of nano-
formulated drugs, nutrient depletion occurs for the Staphy-
lococcus aureus strain during the log phase leading to
bacterial inhibition (Figure 10(a)).

Another possible mechanism is that the NF-k and NF-c
block the porin channels on the cell wall’s surface [32, 33].
Achouak et al. [34] revealed that the porins channels that
regulate the nutrients into the cell for metabolism in gram-
positive bacteria. Choi and Lee [35] examined the role of
porins for antibiotic resistance in gram-positive bacteria.
They revealed that the porins would affect the resistance to
antibiotics in different classes and maintain cellular integrity.
In the present work, the nanoformulated drugs may block
the porin channels and cause metabolic disruption in the
log phase leading to bacterial inhibition (Figure 10(b)).
However, further studies are required in the future to know
the exact mechanism of antibacterial activity of NF-k and
NF-c.

Further, the inhibition of bacterial growth is inferred
from the SEM images recorded for control and nanoformu-
lated drugs treated bacterial culture. From the obtained
results, the control shows the round-shaped, highly popu-
lated bacterial structures confirming the presence of Staphy-
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lococcus aureus with a smooth surface (Figure 9(a)).
However, after treating with NF-k and NF-c, the bacterial
population declines with distorted surfaces substantiating
the antibacterial activity of the nanoformulated drugs
(Figures 9(b) and 9(c)). As discussed earlier, the bacterial
growth inhibition might be due to the activation of the
ATP-dependent efflux pump system or/and the blockage of
porin channels. Also, it is to be noted that the bacterial pop-
ulation is lower for NF-k than the NF-c, which is by the
obtained OD values.

5. Conclusions

In the present study, NF-k and NF-c were synthesized using
the solvent evaporation method and were characterized
using DLS, FTIR, and SEM. The drug release kinetic assay
confirmed that the NF-k and NF-c release the drugs signifi-
cantly than the control up to 50h. The present research
validates the bacterial inhibition property of nanoformulated
drugs. The possible mechanism behind the bacterial growth
inhibition by the nanoformulated drugs may be due to the
activation of ATP-dependent efflux pump system in bacteria
or/and blocking of porin channels by nanosized drugs that
disrupt the metabolism causing bacterial inhibition. Further,
well-deliberated studies are needed in the future to elucidate
the antibacterial properties of NF-k and NF-c.
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