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This study is an attempt to improve the loading and release potential of silver
oxide nanoparticles (AgO NPs) using Oleic acid based bio-surfactant isolated
from Enteromorpha instestinalis. The isolated Oleic acid based bio-surfactant
was characterized using GC–MS, NMR, and HPLC. The AgO NPs were then
surface-functionalized with the bio-surfactant and analyzed using XRD, HRTEM/SAED, DLS, UV–Vis, and FTIR spectroscopy to evaluate the loading of
aspirin and functional groups responsible for loading. The model drug Aspirin
that has depreciated bio-availability due to poor solubility was used to test the
drug carrier efficiency of the AgO NPs after the surface-functionalization. The
loading of aspirin was increased by up to 80% in bio-surfactants than PEGcoated NPs (72%) at a 1:1 ratio (Aspirin/NP). The drug release profile of aspirin
was evaluated by dialysis at different acidic conditions (pH 1.2, 6.8, and 7.4)
and the active release of aspirin was observed in pH 6.8 and bio-surfactant produced better release than PEG and commercial tablet in all the pH conditions.
To identify the mechanism of release from the carrier, the release kinetics was
studied using zero-order, first-order, Higuchi's, and Korsmeyer Peppas equations and found that the release was time-dependent and non-fickian.
KEYWORDS
drug loading, Enteromorpha intestinalis, oleic acid, release kinetics, surface functionalization

1 | INTRODUCTION
Class – II drugs such as Aspirin according to Biopharmaceutics Classification System (BCS) are insoluble
but permeable across the membranes.[1] The poor solubility of the drugs reduces the bio-availability as it gets
cleared in the first pass mechanism.[2] To achieve
the intended therapeutic effect of these drugs by overpowering the poor bioavailability, a higher dosage is
Appl Organomet Chem. 2020;e5934.
https://doi.org/10.1002/aoc.5934

prescribed. The higher dosage might irritate the GastroIntestinal Tract (GIT).[3] Hence, to improve the solubility
of the drugs, two classes of enhancement techniques are
followed namely apparent solubility and free solubility.[4] The free solubility enhancement techniques such
as salt formation,[5] prodrug formation,[6] and derivatization[7] face drawbacks like precipitation, losing the
potential, and detrimental effect to the drugs.[4] Thus
the apparent solubility enhancement techniques such

wileyonlinelibrary.com/journal/aoc

© 2020 John Wiley & Sons, Ltd.

1 of 16

2 of 16

as loading the drug on metallic nanoparticles,[8] encapsulating in nano emulsions,[9] and entrapping in micelles[10]
are widely employed. Among the three techniques,
nanoparticles synthesis for drug loading is the simplest
method in which, the surface of the nanoparticles
are functionalized for conjugating the drug.[11–13] Though
the nanoparticles are not soluble they act as nanocarriers
delivering the drugs loaded on them across the different
environments in the biological system. The nanoparticles
are synthesized using various techniques, however, the
surface of the particles is necessarily functionalized with
external moieties in all the techniques to render the reactive surface for the respective applications.[14–17] Recently,
the biosurfactants are preferred for the functionalization
of the surface of the nanoparticles since the biological
extracts possess organic functional groups for conjugation,
biocompatibility, and improved circulation time.[18–21]
In this research the silver oxide nanoparticles (AgO
NPs) whose surface is chemically reactive that is apposite
for the functionalization with various organic biomolecules, pharmaceutical ingredients, and stabilizers[22] are
used for the loading of aspirin. Further, silver is the only
element whose Surface Plasmon Resonance (SPR) can be
tuned to any wavelength with respect to the size and
shape of the particles.[23] This property can be helpful in
the programmed loading of drugs. The size of the
nanoparticles also plays a vital role in the loading of
drugs and effective penetration into molecular structures
in the body.[24,25] These advantages of AgO in spectral
elucidation, they are chosen as the model drug carrier in
this research. The AgO was reduced to the nanoscale
(10–50 nm) to increase the surface to volume ratio for
increased drug loading on the surface. However, the
drugs load on the metallic surface only through physical
adsorption. The adsorption is stronger on the metallic
surface only when the drugs have thiol or amide groups.
But the model drug Aspirin is devoid of both the
mentioned functional groups and thus the surface is
functionalized with surfactants.
Biosurfactants such as plant extracts, proteins,
and glycolipids are customarily used in the synthesis of
therapeutic nanoparticles concerning their applications.[26–29] However, the industrial production and
complex processing of biosurfactants are not always economical.[30] Hence the source of bio-surfactant has to be
chosen based on their abundance and cost-effectiveness,
which are attributes to the feasibility of their application. In this research, the Oleic acid was extracted from
the aquatic weed Enteromorpha intestinalis. The coastal
marine algal weed E.intestinalis is found abundantly on
the shallow waters in the shores of tropical countries.
Previously the E.intestinalis has been employed in the
synthesis of gold spherical nanoparticles.[31] The oleic
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acid has been used as a surfactant in nanoparticles synthesis for various applications.[32,33] The unsaturated
fatty acid Oleic acid isolated from E.intestinalis was used
to functionalize the surface of the silver nanoparticles to
load Aspirin and the release kinetics of the same was
estimated.
The AgO NPs were provided with organic ligands
from the bio-surfactant for the conjugation of more
aspirin than the chemical surfactants. The effectiveness
of loading was studied in this investigation extensively
and was compared with the loading in AgO NPs
capped with synthetic surfactant polyethylene glycol
(PEG) which was reported to be one of the best accelerators of dissolution rate of drugs.[34] The mechanism of
surface functionalization of AgO NPs with biosurfactants and the loading of aspirin with
functionalized NPs was also studied with SPR and
FTIR. Further, the release kinetics of Aspirin in simulated body fluid (SBF) with pH 7.4, simulated intestinal
fluid (SIF) with pH 6.8, and simulated gastric fluid
(SGF) has been studied.

2 | MATERIALS AND M ETHODS
2.1 | Materials
Silver nitrate (AgNO3), sodium hydroxide pellets (NaOH),
Acetylsalicylic acid (Aspirin, pharmaceutical grade), benzene, acetone, methanol, PEG (M.W 6 K.Da) and chloroform were purchased from Himedia Pvt Ltd. (Bangalore,

FIGURE 1

The photographic image of Enteromorpha intestinalis
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India). Enteromorpha intestinalis (Figure 1) was collected
from Rameshwaram, Tamil Nadu, India and authenticated from Central Electro Chemical Research Institute,
Rameshwaram. The Simulated Body Fluid (SBF), Simulated Intestinal Fluid (SIF), and Simulated Gastric Fluid
(SGF, pH 1.2) were prepared as per the protocol followed
in our previous work Nazeer et al.[9]

2.2 | Bio-surfactant extraction from E.
intestinalis
2.2.1 | Lipid extraction
In this study, the solvent extraction protocol reported
by Jeong et al.,[35] was followed to extract the lipids
from the Enteromorpha intestinalis. Briefly, the E.
intestinalis sample was shadow dried, pulverized and
5 g was added to 500 ml chloroform/methanol (2:1, v/v)
mixture and orbital shaken at 500 rpm for 2.5 hr at
45  C temperature. The extract was separated by
10 min of 1,431 xg centrifugation.

2.2.2 | Oleic acid isolation
The Oleic acid, a long-chain monounsaturated fatty
acid was isolated from the lipids by fractional urea
crystallization. The experimental method was adopted
from Elkacmi et al.[36] and is illustrated in Figure 2.
Briefly, the lipid extract was treated urea and methanol

F I G U R E 2 Extraction of Oleic acid by
Urea crystallization
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at 1:1:10 (w/w/v) ratio and crystallized overnight at 4  C.
The crystals (C1) were filtered using sintering glass at a
vacuum (1 bar) to obtain the filtrate (F1) in the first step.
The F1 with high fatty acid content was crystallized with
urea at 1:2 (v/w) ratio and vacuum filtered using sintering
glass. The C2 from step 2 was treated with methanol
(1:15 w/v) at room temperature and vacuum filtered to
isolate unsaturated fatty acids. The resulting F3 was further crystallized with urea (1:1.2 v/w) and filtered to
acquire purified oleic acid crystals (C4). The urea contents were removed by HCl wash and the esters such as
palmitoleic acid, and linoleic acids were removed by
hexane wash. Acid contents were removed by adding
water and vacuum evaporating the water. The discarded
filtrates (F2 & F4) and crystals (C1 & C3) were retreated
by the same procedure to reduce the wastage. The Oleic
acid crystals were dissolved in acetone and assessed with
gas chromatography coupled with mass spectroscopy
(GC–MS), High Performance Liquid Chromatography
(HPLC), and Nuclear Magnetic Resonance (NMR).

2.3 | Characterization of oleic acid based
bio-surfactant
2.3.1 | Gas chromatography–mass
spectroscopy
The fatty acid composition present in the extract was
examined on the molecular weight basis using Gas
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Chromatography coupled with Mass Spectroscopy
(GC–MS) Thermo GC—Trace Ultra VER: 5.0, Thermo
MS DSQ II Make (Italy). The extract was dissolved in
acetone and 1 μL of the sample was injected and vaporized
on to the chromatographic DB 35—MS Capillary standard
non-polar column head. The gaseous helium mobile phase
carried the vaporized sample at a flow rate of 1 mL/min.
The eluted compounds from the column were analyzed
using the mass spectroscope coupled with the
GC. The mass data was matched and identified using
the inbuilt National Institute of Standards and Technology (NIST) library in South Indian Textile Research
Association, Coimbatore.

2.3.2 | High performance liquid
chromatography
For analyzing the presence and concentration of oleic
acid in the bio-surfactant, HPLC was carried out (Make:
Agilent 1,260 Infinity LC, USA). The Oleic acid crystal
was dissolved in ethanol. A standard pure Oleic acid was
purchased from Sigma Aldrich, USA to compare the data.
The degassed acetonitrile and milli-Q water were taken
as the mobile phase (85/15 v/v). From the sample and
standard solution, 20 μL aliquots were injected individually at two different runs. The column used was Zorbax
C18 (250 x 4.6 mm, ID 5 μm particle size). The flow rate
was adjusted to 1 ml/min at 45  C ± 1 internal temperature. The elution was detected using a UV detector at
242 nm.

2.3.3 | Nuclear magnetic resonance
The isolated oleic acid was dissolved in deuterated chloroform (CDCl3). The diluted sample was placed in a magnetic field (9.4 Tesla super-conducting Magnet) of NMR
spectroscopy (Make: Bruker Avance III, 400 MHz). The
electromagnetic (EM) wave was generated using the EM
probe (BBO 400 MHz, with Z-gradient).

2.4 | Synthesis and characterization of
AgO NPs
The synthesis and surface functionalization of AgO NPs
was carried out as per the methodology described in our
early report.[26] Briefly, 0.1 M of NaOH was added
dropwise individually to two batches of 0.1 M constantly
stirring 100 ml AgNO3 aqueous solutions at room temperature (25  C). When there was a color change due to
the nucleation of nanoparticles, the addition of NaOH
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was terminated. After 5 min of stirring, 5 mg of the
PEG and bio-surfactant containing Oleic acid in ethanol
were added to each batch individually to prepare
PEGylated nanoparticles (PEG-NP) and bio-surfactant
amended nanoparticles (BAN) respectively. Then the
solutions were centrifuged at 11,180 xg for 10 min.
Supernatants were discarded, and the pellets obtained
were dried at room temperature. The morphology of
the nanoparticles (NPs) were observed using HighResolution Transmission Electron Microscope (HR-TEM),
and the phases of the crystals were analyzed using
selected area diffraction (SAED) of Jeol/JEM 2100
make at 200 kV. The crystal phases and sizes were calculated using the peak obtained from X-Ray Diffraction
(XRD) analysis in the Bruker AXS D8 Advance model.
The mean particle size and zeta potential of the NPs
were analyzed using Dynamic Light Scattering (DLS)
(Horiba, Japan) analyzer.

2.5 | Loading of aspirin and
characterization
The poorly soluble aspirin was loaded with PEG-NP
and BAN as per the procedure followed by Derakhshandeh et al.[37] Briefly, 50 mg of PEG-NP and
BAN was stirred with 100 ml distilled water at 300 rpm
individually. To the stirring solutions, 30, 40, 50, 60,
and 70 mg of aspirin dissolved in 10 ml ethanol were
added individually. For every 30 min, 5 ml from each
solution was pipetted out and centrifuged at 5590 xg for
10 min. The supernatants after centrifugation were collected and analyzed by UV-spectrophotometry using
Systronics Double beam Spectrophotometer for the estimation of free drugs in the supernatant. After 5 hr of
stirring, the solutions were centrifuged to collect the
pellets of Aspirin loaded PEG-NP (AL- PEG-NP) and
Aspirin loaded BAN (ALBAN). The amount of drug
was determined from a standard calibration curve. The
amount of free drug in the supernatant was subtracted
from the total amount of drug added for loading, which
gives the amount of drug-loaded on the AL-PEG-NP
and ALBAN pellets. The equation evaluates the percentage loading.

ðWo −W Þ
x 100
Wo

ðEquation1Þ

Where Wo is the initial amount of drug added for
loading, W is the amount of free drug in the supernatant.
The loading of the drug and its presence were confirmed
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with FT-IR spectroscopy (Bruker) which was analyzed
from 600 to 4,000 cm−1 wavenumbers.

2.6 | Drug-surfactant interaction
The mode of bonding between the model drug aspirin
and the surfactants was deciphered by UV–Vis spectrophotometry. The surface plasmon resonance of aspirin
loaded AL-PEG-NP and ALBAN was recorded from
200–600 nm. The shift in peak would help in comprehend the strength and plausible mechanism of the bonding. The functional groups involved in the bonding are
recorded using Attenuated Total Reflectance Fourier
Transform Infra-Red spectroscopy (ATR-FTIR; Make:
Thermofisher, USA). This method of evaluation has been
followed by other research groups.[38]

2.7 | Release study
The in vitro release nature of aspirin from the
nanoparticles was studied by the dialysis at 37  C. The
aliquots of 50 mg AL-PEG-NP and ALBAN were dispersed in 5 ml simulated fluid and transferred to two
regenerated cellulose dialysis bags (MWCO, 8000–14,000,
Sigma) individually. The sample loaded dialysis bags
were subjected to release in 100 mL receptor solutions
SBF (pH 7.4), SIF (pH 6.8), and SGF (pH 1.2), individually. The receptor solutions were stirred at 400 rpm. The
receptor fluid was pipetted out at a regular interval of
30 min and replaced with the same quantity of fresh
receptor fluid for 4 hours. The aspirin present in the
analytes was determined by observing the concentration
in UV–Vis spectroscopy (Perkin Elmer, double beam), at
the wavelength of 240 nm. The release kinetics of the
AL-PEG-NP and ALBAN was compared with the release
from tablet formulation.

2.8 | Release kinetics
The mode of release from nanoparticles and the tablet
in vitro was determined by linear regression analysis in
four models. The mechanism of release was identified
based on the highest coefficient of release (r2) among the
first three models. The brief descriptions of the four
models are articulated in our preceded research on
nanoemulsions.[9] The equations of the four models are

1. Time-dependent Zero-order: Qt = Q0 + K0 – t
(Equation 2)
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Where Qt is the amount of drug released at time t, Q0
is the initial concentration of drug at time t = 0, t is the
duration of drug release and K0 is the zero-order
rate constant.
The cumulative drug release is plotted against the
time to evaluate zero-order kinetics and the slope of the
curve is the K0.
2. Concentration-dependent First order: log Qt = log Q0
- K1* t/2.303 (Equation 3)
Where Qt is the amount of drug remaining at time t,
Q0 is the initial concentration of drug at time t = 0, t is
the duration of drug release and K1 is the First-order
rate constant.
The log cumulative % drug remaining is plotted
against the time to evaluate first-order kinetics and the
slope of the curve is the K1.
3. Diffusion controlled Higuchi's model: Q = KH * t1/2
(Equation 4)
Where Q is the cumulative amount of drug released
in time t, t is the duration of drug release and KH is the
Higuchi kinetics constant.
The cumulative % drug release is plotted against the
square root of time to evaluate Higuchi's model and the
slope of the curve is the KH
4. Korsmeyer-Peppas equation: Qt/Q∞ = KKP * tn
(Equation 5)
Where Qt is the amount of drug remaining at time t,
Q∞ is the total amount of drug in dosage form, t is the
time in hours, KKP is the kinetic constant, and n is the
release exponent.
The log cumulative % drug release is plotted against
the log time to evaluate the Korsmeyer Peppas equation
and the slope of the curve is the “n” to find the mode
of diffusion.
The regression statistical analysis was evaluated using
the OriginPro 8 software.

3 | R E S U L T S AN D D I S C U S S I O N
3.1 | Gas chromatography–mass
spectroscopy
The gas chromatogram of the bio-surfactant is visualized
in Figure 3, in which the two major peaks were observed
at retention times of 20.26 and 22.23 min corresponding
to the compounds Oleic acid, and Oleamide, respectively
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F I G U R E 3 Gas Chromatogram of
Enteromorpha intestinalis extract which
shows two significant peaks at 20.26,
and 22.23 minutes

as identified from NIST library data for mass spectroscopy. The retention times of oleic acid and oleamide were
observed to be congruent with the literature data of fatty
acid isolation.[39,40]
The primary compound Oleic acid is a long-chain
fatty acid with a free methyl (CH3) group terminal. This
free functional group and long-chain enables it to
cap the ionic surface of nanoparticles. It considered
being safe in toxicity profile and biocompatible than
synthetic surfactants such as Tween 20, PEG.[41] The second major compound oleamide has been reported to
possess various biological applications such as antiinflammatory, cognitive interaction, and antimicrobial
activities.[42–44] Considering the aliphatic chain, it also
has the potential to act as an effective surfactant. Generally, the palmitic acid is present as the major fatty
acid[45] in E.intestinalis, but was esterified with some
percentage of oleic acid in the extract and present as palmitoleic acid which was removed during HCl wash after
the fractional crystallization.

same method development confirmed the presence of
oleic acid. The percentage of oleic acid present in the
analyte was calculated to be 93.8 ± 0.2% from the
peak area.

3.3 | Nuclear magnetic resonance
From the 1H NMR spectrum of bio-surfactant as seen in
Figure 5a, the characteristic absorptions were spotted at δ
5.39 (2H, CH = CH), 2.24 (2H, CH2 = amide), 2.03(4H,
C), 1.65(2H), 1.32–1.27 (aliphatic chain), and 0.88 (3H,
CH3).[46] From the 13C NMR spectrum of bio-surfactant
as seen in Figure 5b, the characteristic absorptions were
observed at δ 180 (COOH), 129.5–132 (aliphatic chain),
27.4 (CH = CH) and 14.1 (CH3) (Crowley et al. 2000).
The observed functional groups and CH arrangements
corroborated the oleic acid and oleamide in the biosurfactant

3.4 | X-ray diffraction
3.2 | High performance liquid
chromatography
The HPLC (Figure 4) revealed the presence of oleic acid
(RT 21.3 min) and oleamide impurity (RT 24.5 min).[46]
The standard oleic acid chromatogram acquired from the

The crystalline structures of Ag in PEG-NP, BAN,
AL-PEG-NP, and ALBAN were determined by XRD which
confirmed the presence of AgO, Ag2O, and Ag2C2O4. Crystallinity and crystal phase of PEG-NP and AL-PEG-NP
were analyzed using XRD patterns, as shown in Figure 6

AZEEZ ET AL.
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F I G U R E 4 HPLC profiles of (a) standard
oleic acid and (b) bio-surfactant containing
oleic acid and oleamide

FIGURE 5

Spectrum of (a) 1H NMR of the Bio-surfactant dissolved in CDCl3 (b) 13C NMR of the Bio-surfactant dissolved in CDCl3
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D = Kλ=βcosθ

ðEquation6Þ

Where D = crystal size, β = full-width half maximum
of the peak, λ = X-ray wavelength (1.54 Å), K = shape
factor, which is always close to unity (0.94).
The average crystallite sizes of PEG-NP, BAN,
AL-PEG-NP, and ALBAN were calculated to be 12.13 nm,
19.56 nm, 16.28, and 24.7 nm respectively.

3.5 | High resolution transmission
electron microscopy and selected area
electron diffraction

FIGURE 6

FIGURE 7

The XRD pattern of PEG-NP and AL-PEG-NP

The XRD pattern of BAN and ALBAN

and that of BAN and ALBAN from Figure 7. The major
peak at around 32.61 in all the four spectrums confirms
the presence of tetragonal AgO (JCPDS #84–1,108). The
similar pattern was observed in silver nanoparticles
synthesis by pulsed laser deposition where the AgO
was obtained tetragonal.[47] The other peaks at 29.64
and 38.54 depict the presence of monoclinic silver
oxalate (Ag2C2O4 JCPDS #22–1,335) and hexagonal silver oxide (Ag2O JCPDS #19–1,155) respectively. The
presence of silver oxalate in AgO preparation was also
observed in other research findings, specifically during
hydrothermal synthesis.[48] The peak at around 15.6
in ALBAN and AL-PEG-NP confirms the presence of
aspirin.[49] The crystallite size was calculated using
Debye–Scherrer's formula,

The morphology, particle size, and crystallographic structure of BAN, ALBAN, PEG-NP, and AL-PEG-NP were
obtained from HR-TEM micrographs as shown in
Figure 8a, 8b, 8c, and 8d respectively. It can be seen that
the particles are spherical. The size of BAN and PEG-NP
particles ranges less than 10 nm. The particles increased
in size after the addition of aspirin by 10 nm approximately. The size of ALBAN and AL-PEG-NP particles
ranges more than 10 nm. The fine particle size is attributed to the immediate addition of surfactants into the
nucleating solution and abandoning the further crystal
growth in the solution. The SAED patterns of the particles are shown in the inset pictures. The scattered concentric rings in the BAN and PEG-NP indicate the
formation of particles in the nano regime.[50,51] The
radius of the ring was measured as 3.54 nm−1 and
3.99 nm−1 for PEG-NP and BAN respectively and their
corresponding interplanar distances d-values were calculated as 0.282 nm and 0.251 nm which connect to the
tetragonal (202) planar of AgO.[50] This is in accordance
with the 32.61 XRD peak. The SAED patterns of ALBAN
and AL-PEG-NP have diffused rings concluding the
amorphous nature of the particles which are consistent
with the XRD results. The finer size of the particles
increases the apparent solubility of the drugs by carrying
them through the different pH conditions.[4]

3.6 | Dynamic light scattering
The mean particle size of PEG-NP was observed to be
16.5 nm and BAN was 21.4 nm from Figure 9. The distribution of the mentioned particle size was 74%. The other
particles were in the range of 10–20 nm for both the
surfactants. The mean particle size result from DLS is
congruent with HR-TEM analysis. A similar pattern was
observed in another experimental outcome on silver
oxide nanoparticles.[52]

AZEEZ ET AL.
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F I G U R E 8 The TEM images
showing the morphology of (a) BAN,
(b) ALBAN (c) PEG-NP and
(d) AL-PEG-NP particles; Inset pictures
show the SAED patterns where nonaspirin particles exhibit bright spots and
aspirin loaded particles exhibit diffused
rings

The zeta potential analysis showed the intense stability of the particles. The zeta potential around the
surface of the particles was recorded as −41.8 mV
and −46.7 mV for PEG-NP and BAN respectively
(Figure 10). This stability was achieved in other studies
by optimizing the reducing agent concentration (40 mM
NaOH) by Kim et al.[52]

3.7 | Drug-surfactant interaction
3.7.1 | Fourier transform-infra red
spectroscopy
The FTIR spectra of BAN, ALBAN, PEG-NP, and ALPEG-NP are shown in Figure 11. Aspirin has carboxylic
acid (COOH), methyl (CH3), cyclic carbon ring, and
C = O functional groups. From the aspirin, the aromatic
ring produced the peaks at 1460 and 1,605 cm−1. Moreover, the C=O stretching of the COCH3 and COOH
established peaks at 1754 and 1,684 cm−1, respectively.[53]
The bio-surfactant has the hydroxyl (-OH) of Oleic
acid, amide (O=C-NH2) of Oleidamaide, methyl (H3CCH-CH3) and free methyl (-CH3) functional groups.
From early observations, the thiol and amide groups

reported have a stronger affinity towards metallic
nanoparticles.[54] The peaks confirming the presence of
C = O and NH2 in primary amides at 1638 cm−1[38]
and 3,357 cm−1 were broadened due to proton transfer.
After the loading of aspirin over BAN, the functional
group peaks were shifted. In ALBAN, the peak at
1069 cm−1 validates the presence of cyclic carbon ring in
aspirin ensuring the loading of aspirin. In the ALBAN
spectra, there was no peak found corresponding to the
COOH functional group. Also, the amide peaks noticed
in the BAN spectrum at 1638 cm−1 and 3,357 cm−1
were weakened in ALBAN which confirms that the
bonding between aspirin and BAN ensues through the
COOH of aspirin and amide groups in the BAN. This
conclusion is in agreement with our similar work on
the loading of aspirin with the same extract used in
nanoemulsion.[9]
PEG-NP showed peaks at 2882 cm−1 and 1,094 cm−1
corresponding to aliphatic C-H bond and C-O stretching
of PEG respectively.[55] On loading the aspirin, the peak
corresponding to the C-H bond is quenched. Also, the
COCH3 peak from aspirin is quenched, as shown in
Figure 12. Hence the conjugation could be possible
through the interaction of C-H groups of PEG and
COCH3 groups of aspirin.
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FIGURE 9

FIGURE 10
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Particle Size Analyses of (a) PEG-NP and (b) BAN

Zeta potential of (a) PEG-NP and (b) BAN

3.7.2 | Surface Plasmon resonance
The surface plasmon band for the spherical BAN and
PEG-NP were observed at 413 and 422 nm, respectively
in the visible region. It is observed that Aspirin has maximum absorption at 237 nm of UV–vis absorption spectra

(Figure 13). After the loading of aspirin to BAN and
PEG-NP, the absorption peaks show a moderate blue
shift of 7 nm for ALBAN and AL-PEG-NP complexes.
The peak shift is attributed to the electronic transitions,
which takes place when the UV–vis light is passed
through the samples.

AZEEZ ET AL.

F I G U R E 1 1 The FT-IR spectrum of Aspirin, BAN and
ALBAN showing the functional groups responsible for surface
functionalization and drug loading
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F I G U R E 1 3 The surface plasmon resonance of the drug
Aspirin, the carriers BAN and PEG-NP, and the shift in the
spectrum of the drug after the drug-loaded on ALBAN and
AL-PEG-NP

blue shift (406 nm) through π ! π* transition of long aliphatic chain group with an unsaturated (CH=CH) moiety at the 9th Carbon position in oleic acid. This
excitation energy is higher than the lone pair of electrons
(n ! π*) in the amide group which is conjugated with
the COOH group Aspirin as per the FTIR data. From the
drug surfactant interaction, it was concluded that surfactants that contain unsaturated bonds or free electrons
catalyze drug loading and, the presence of primary amide
or thiol groups can enhance the surface capping of metallic nanoparticles.

3.8 | Loading efficiency

F I G U R E 1 2 The FT-IR spectrum of Aspirin, PEG-NP and
AL-PEG-NP showing the functional groups responsible for surface
functionalization and drug loading

In the visible region, only non-bonding to antibonding orbital (n ! π*) and bonding to anti-bonding
orbital (π ! π*) electron transitions are plausible.[13]
PEG has only the repeating units of C-H bonds and the O-H group was found to be shared with the NP surface
from the FTIR data. Also, the molecules in PEG have
no lone pair of electrons and thus only the π ! π* is possible which requires more energy. Thus the absorption
wavelength of PEG is almost less than 200 nm. From the
FT-IR inference, the aspirin is conjugated to PEG
through C-H molecules. In the case of BAN, there was a

The amount of free aspirin present in the 5 ml supernatant was evaluated for 100 ml at every 30 min. The percentage of loading of aspirin on BAN and PEG-NP of the
different fractions at every 30 min was evaluated for 5 hr
and tabulated in Table 1. The experiment was repeated
thrice. The rate of loading in BAN was almost linear until
4 hours. From FTIR, the loading of aspirin was attributed
to aspirin's COOH. The hydrophobicity of Aspirin was
rendered by the aromatic ring, however, the hydrogen
bonding ability from the COOH group of Aspirin can
enhance the loading efficiency of the drug.[4] The loading
of aspirin on BAN is better than on PEG-NP, and the
loading efficiency was highest at 3:5 ratio and lowest for
7:5 ratio (drug: NP) for both BAN and PEG-NP. However,
the addition of 30 and 40 mg aspirin delivers a relatively
little amount of drug. Hence the optimal concentration
was found to be 50 mg of aspirin with 50 mg BAN
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T A B L E 1 The percentage loading of aspirin on BAN and
PEG-NP at every half an hour for five hours
Time
(min)
0

BAN 1:1
(drug/NP)
0

PEG-NP 1:1
(drug/NP)
0

30

12 ± 1

12 ± 0.6

60

22 ± 0.5

22 ± 0.3

90

32 ± 1

32 ± 0.6

120

42 ± 1.5

41 ± 0.6

150

52 ± 0.5

50 ± 0.3

180

58 ± 0.5

58 ± 0.5

210

65 ± 1.3

64 ± 1.3

240

71 ± 1.3

67 ± 1.3

270

76 ± 0.5

70 ± 0.5

300

80 ± 0.5

72 ± 0.5

(80 ± 0.5%) and PEG-NP (72 ± 0.48%). This loading efficiency is similar to the reports on silica nanoparticles for
drug loading.[56,57] However, in our previous work on
loading aspirin in biosurfactant based nanoemulsion, we
observed 95% loading of Aspirin.[9] The most effective
formulation 1:1 ratio of drug: NP was chosen for release
study. The graphical representation of drug loading
kinetics is depictes in figure S1 and the percentage loading of aspirin on BAN and PEG-NP for every formulations at every half an hour in table S1.

F I G U R E 1 4 Percentage drug released from BAN and PEGNP in SBF (pH 7.4) is compared with the release from tablet per
time in minutes

3.9 | Release study
3.9.1 | From SBF
The in vitro release profiles of aspirin from BAN, PEGNP, and the tablet in SBF (pH 7.4) are shown in
Figure 14. The data presented in Figure 14 confirmed
that the release from BAN and PEG-NP was
79.42 ± 0.33% and 74.14 ± 0.16% at 4 hr, which are more
than the tablet (42 ± 0.1%). The linear release profile of
SBF ascertained by the near unity of the r2 value from
Table 2 implies that the aspirin gets released from the
carrier in time-controlled mode.

3.9.2 | From SGF
The release of aspirin in SGF (pH 1.2) as shown in
Figure 15 imparts that BAN releases 97.58 ± 0.48%
which is almost the same as from the PEG-NP
(97.1 ± 0.16%). The extents of release from the two
formulations are more than the tablet (95 ± 0.08%).
This accelerated release of aspirin can be due to the
highly acidic pH of the fluid that can lyse the excipients. There was a 95% release in 120 minfrom the tablet, but from BAN and PEG-NP, the aspirin was
releasing till 240 min which ascertains the sustained
releases of the drug.

3.9.3 | From SIF
From Figure 16, the release from ALBAN can be seen
98.5 ± 0.16% which is twice the release from tablet
(49 ± 0.16%). There was 97.2 ± 0.33% release of aspirin
from AL-PEG-NP, which is less than the ALBAN. Hence
we can conclude that the release of aspirin is more effective from ALBAN.
The rate of release is plotted, and their linear regressions (r2) and release constant (K0) are calculated and
tabulated in Table 2. The r2 trend of all the formulations
is nearing the unity which affirms the controlled release
of drugs at a uniform rate. Also, from the K0 (mean percentage of drug released per hour), we can estimate the
amount of drug being released at a given time. The rate
of release from a tablet in SGF (pH 1.2) was very high,
and more than 95% of the drugs were released in just
2 hr. From the release profile data, we observe that the
release was highest in SIF with pH 6.8 from BAN and
PEG-NP. The rationale behind the enhanced release in
pH 6.8 than 7.4 could be that the availability of protons
in the solution that can cleave the bond between the carrier and the drug. Also, the release in pH 6.8 is higher
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TABLE 2
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The rate of release of aspirin from BAN, PEG-NP and tablet
BAN

PEG-NP

Tablet

Medium

Release %

r2

K0 (mg/hr)

Release %

r2

K0 (mg/hr)

Release %

r2

K0 (mg/hr)

SBF

79.5 ± 2.5

0. 9,937

0.64

74.17 ± 1

0.9867

0.56

42 ± 1.5

0.9952

0.51

SGF

97.5 ± 1

0.9867

0.81

97.22 ± 0

0.9448

0.77

95 ± 0

0.9739

2.82

SIF

98.5 ± 1.5

0.9952

0.94

97.22 ± 2

0.9952

0.76

49 ± 1

0.9854

0.60

than the SGF (pH 1.2), which could be due to strong
acidic concentration that readily reacts with the released
drugs than with the carrier. The rate of release gradually
decreased in the SGF condition (Figure 15) which substantiates the hypothesis. Also, the release rate has been
controlled and linear in SIF. This trend of increased
release in SIF than in extremely acidic SGF has been
observed in similar such research findings.[58,59] Thus we
conclude that the release is active in intestinal fluid.

3.10 | Release kinetics

F I G U R E 1 5 Percentage drug released from BAN and PEGNP in SGF (pH 1.2) is compared with the release from tablet per
time in minutes

F I G U R E 1 6 Percentage drug released from BAN and PEGNP in SIF (pH 6.8) is compared with the release from tablet per
time in minutes

The nature of the release of the Aspirin from BAN and
PEG-NP was evaluated by equating the time-bound
kinetics of release. The extent of linearity (r2) and the
release constants (K and n) derived from plotting
the release against time under 4 different models zero
order, first order, Higuchi's, and Korsmeyer Peppa's
are tabulated in Table 3. On observing the linearity of
the drug release curves, the release from BAN follows the
time-dependent zero-order release in SBF and SIF
(r2 = 0.9937 & 0.9952 respectively) and follows diffusioncontrolled Higuchi's model in SGF (r2 = 0.9962). The
release from PEG-NP follows diffusion-controlled
Higuchi's model in SBF and SGF (r2 = 0.9979 and 0.9866
respectively) while follows time-dependent zero-order
release kinetics in SIF (r2 = 9,952). From the commercial
tablet formulation, the aspirin was released in
concentration-dependent first-order kinetics in SBF and
SIF (r2 = 0.9996 and 0.9953 respectively), diffusioncontrolled Higuchi's release model in SGF (r2 = 0.9817).
From the Korsmeyer Peppas equation to identify the
mode of diffusion, the release exponent “n” was observed
in the range of non-fickian 0.45 to 0.89 for all the
nanoparticles formulations in all the pH conditions
except the BAN in SIF. The release is categorized as a
non-fickian release when the release was erosion controlled diffusion. The nanoparticles following the nonfickian release kinetics are congruent to the results
reports in analogous investigations.[37,60] Normally in
nanoparticles, there is an initial burst release which is
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The linear regression and mode of release data of nanoparticles and tablet

Simulated Body Fluid (pH 7.4)
Career

Zero-order
2

First order
2

Higuchi's
−1

2

Korsmeyer Peppas
1/2

r2

n

Mode of release*

44.4

0.9971

0.60

0-NF

0.9979

42.8

0.9920

0.67

H-NF

0.9944

28.5

0.9968

0.94

1-SC2

r

K0 (mg/hr)

r

K1 (h )

r

KH (%/h

BAN

0.9937

0.64

0.9827

0.16

0.9933

PEG-NP

0.9867

0.56

0.9656

0.13

Tablet

0.9952

0.51

0.9996

0.06

)

Simulated Gastric Fluid (pH 1.2)
Code

Zero-order

First order

Higuchi's

Korsmeyer Peppas

r2

K0 (mg/hr)

r2

K1 (h−1)

r2

KH (%/h1/2)

r2

n

Mode of release*

BAN

0.9867

0.81

0.8787

0.38

0.9962

56.0

0.9978

0.62

H-NF

PEG-NP

0.9448

0.77

0.9454

0.39

0.9866

60.5

0.9860

0.72

H-NF

Tablet

0.9739

2.82

0.7189

0.79

0.9817

55

0.9997

1.61

H-SC2

Simulated Intestinal Fluid (pH 6.8)
Code

Zero-order
r

2

First order
2

Higuchi's
−1

2

Korsmeyer Peppas
1/2

K0 (mg/hr)

r

K1 (h )

r

KH (%/h

)

r2

n

Mode of release*

BAN

0.9952

0.94

0.7700

0.42

0.9929

65.2

0.9974

0.89

0-C2

PEG-NP

0.9952

0.76

0.8346

0.36

0.9929

60.9

0.9991

0.77

0-NF

Tablet

0.9854

0.60

0.9953

0.07

0.9919

33.4

0.9968

0.89

1-C2

*0- Zero order; 1- First order; H-Higuchi's; NF-Non fickian; C2-Case II transport; SC2- Super Case II transport.

erosion controlled which may be followed by either zero
or first-order release.[60] The release from BAN in SIF
followed the case-2 transport mechanism. The case-2
transport is due to erosion of polymeric chain/surfactant
and swelling in biological fluids. The tablet formulation
followed the super case-2 transport model in SGF where
there is a dramatic increase in the release rate during the
second half phase of release[61] in all the fluids except SIF
where it followed case-2 transport.
From the results, it was observed that the release
kinetics of the BAN and PEG-NP were similar and nonconcentration dependent diffusion ensuring better
release from the carrier, unlike the tablet.

PEG-NP were analyzed using SPR and ATR-FTIR spectroscopy. The amide group in the surfactant was found
responsible for anchoring the surfactant on the metallic
nanoparticles surface and conjugation with the drug. The
loading was found to be considerably higher in BAN than
PEG-NP and the extent of release was higher for BAN
than PEG-NP and tablet. It is thus adjudged that the biosurfactant consisting of Oleic acid and Oleamide is a better surfactant than PEG for the drug delivery metallic
nanoparticles synthesis. The results on the drugsurfactant interaction and improved drug delivery
potency might provide new insight for the research on
activating the metallic nanoparticles surface for the loading and release of drugs.
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