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Influence of Tween 80 Surfactant
on the Binding of Roxatidine
Acetate and Roxatidine
Acetate–loaded Chitosan
Nanoparticles to Lysozyme
Mohsen T.A. Qashqoosh, Faiza A.M. Alahdal,

Yahiya Kadaf Manea, Swaleha Zubair and Saeeda Naqvi

Abstract

The drug binding to protein is an attractive research topic. In order to assess the
release of RxAc-CsNPs and their binding with lysozyme under physiological condi-
tions, nanocomposite materials based on chitosan (Cs) and Roxatidine acetate
(RxAc) in the presence Tween 80 (Tw80) surfactant were developed. The addition
of Tw80 to CsNPs increased RxAc release in vitro. In this work, Stern–Volmer plot
and thermodynamic results indicated that the mechanism of Lyz with RxAc and Lyz
with RxAc-CsNPs was static mechanism and the main forces in both systems were
hydrogen bonding and Van der Waals forces, which indicated that the binding
reaction in both systems is spontaneous, exothermic and enthalpically driven. Syn-
chronous fluorescence and CD results indicated that the RxAc and RxAc-CsNPs
cause change in the secondary construction of Lyz. It was also found that the
addition of Tw80 affects the binding constant of drug with protein. Finally, the
molecular docking results have also been in accordance with the results of other
techniques. Hence, the developed RxAc loaded Chitosan nanoparticles could be
used as an effective strategy for designing and application of the antiulcer drugs.
Altogether, the present study can provide an important insight for the future
designing of antiulcer drugs.

Keywords: Roxatidine acetate, lysozyme, tween 80, chitosan nanoparticles,
spectroscopy, molecular docking

1. Introduction

The interactions of proteins with chemicals have prompted increasing research
interest in recent years. Proteins are remarkable biomolecules presenting different
functions and roles. Some are specific to their biological actions whereas some are
selective toward the binding site [1, 2]. Conformational changes of protein may
influence its transportation, function, assembly, potential cytotoxicity, and ten-
dency to aggregate [3, 4]. Furthermore, it has been indicated that the serum
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albumin conformation will be changed upon binding with ligands or molecules, and
the change shows its influence on the secondary and tertiary structures of albumins
and their biological function as a carrier protein [5, 6]. Some diseases (such as
Alzheimer’s disease, Parkinson’s disease, and amyloid disease) are related to protein
misfolding [6]. The thermodynamic and kinetic study of proteins plays an impor-
tant role in understanding biological functions ranging from genetic information to
molecular diagnostics [7, 8]. The functions and structure of a protein are strongly
related to each other and due to this, protein folding/unfolding has protruded as an
important property in biochemistry and biophysics [9, 10]. Therefore, the studies of
such chemicals and their bindings with proteins are of fundamental and imperative
importance.

The binding of nanoscale materials with proteins has become the most common
with the availability of organic polymers, inorganic nanoparticles, carbon
nanotubes, etc.. Recently, the nanoparticle studies have opened new avenues to
study biomolecular interactions with their applications as drug delivery, biocom-
patibility, diagnostics, and smart materials. The binding of nanocolloidal particles to
proteins has also been formed, since the study of immunoprobes in the early 1970s
[11]. Moreover, various studies of peptide or protein including lysozyme binding
with nanoparticles of different sizes have been conducted. In the process, the pro-
teins, generally, suffer a significant loss in enzyme activity and a partial loss of
structure [12, 13]. Thus, it should be expected that the size of the particle plays a
major role in changing protein structure and function [13]. However, no systematic
study has been performed to date on the effect of Roxatidine acetate–Chitosan
nanoparticles on the structure and function of Lysozyme. For this reason, we
embarked on a study of protein binding with Roxatidine acetate–Chitosan
nanoparticles.

Lysozyme (Lyz) (Figure 1A) is one of the important proteins that is found in the
blood and has various functions but is similar in its tendency to bind ligands/drugs.
Lyz is an antibacterial and antiviral protein found in various biological tissues and
fluids, such as skin, liver, lymphatic tissues, tears, saliva, and blood of human and
other animals [13, 14]. Lyz is unique in its ability to hydrolyze the β-1,4 glycoside
bond between N-acetylglucosamine and N-acetylmumaric acid of the gram-positive
bacteria, thus protecting the body against the bacterial invasion [15]. Some of its
important biological roles also include antihistaminic, anti-inflammatory, and anti-
neoplastic activity [15–18]. Lyz consists of 129 amino acid residues and contains six
tryptophan (Trp) and three tyrosine (Tyr) residues [4, 15]. Three residues of Trp

Figure 1.
(A) Three dimensional structure of Lyz, (B) chemical structure of Roxatidine acetate.
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are placed at the binding sites, two sites in the hydrophobic cavity, while the last
site is located independently from others [4, 15, 19–21], and the effectiveness of
drugs depends on both pharmacokinetic and pharmacodynamic factors. Therefore,
the studies on the interactions of drugs and Lyz are of importance in understanding
the release disposition, transportation, and metabolism of drug as well as the effi-
cacy process involving drug and Lyz. Lyz has been preferentially used as a model
protein to study the protein folding/unfolding, dynamics, and ligand interaction
due to its small size, abundance, high stability, and ability to bind and drug carrying
capacity [22–24].

Roxatidine acetate (RxAc) (Figure 1B) is an antagonist of a histamine H:z-
receptor, which rapidly turns into Roxatidine through esterases in the plasma, small
intestine, and liver (its active metabolite) [25, 26]. Roxatidine is an active inhibitor
of gastric acid secretion in humans and animals [3, 25] and does not overlap with
other drugs in the hepatic metabolism and has no antiandrogenic influences as most
other H:z-receptor antagonists [27]. Wide-scale experiments have illustrated that
150 mg of Roxatidine acetate per day is recommended as typical dosages of raniti-
dine and cimetidine in the patients for treatment of gastric ulcer or duodenal ulcer
[25, 27] and that 75 mg of Roxatidine acetate as dosage in the evening is probably a
standard amount for the prohibition of peptic ulcer recurrence [25, 28]. Primary
studies also mention that Roxatidine acetate is perhaps useful in the treatment of
stomach ulcer and reflux esophagitis and in the protection of pulmonary acid
aspiration [25].

Spectroscopic techniques are mostly used to detect the accessibility of
quenchers to fluorophore groups of albumin and help to understand the binding
mechanism of albumin to small molecules and clarify the nature of the binding
phenomenon [11, 29].

In the present study, the RxAc and RxAcNPs interactions with Lyz were
methodically investigated and analyzed using diverse spectroscopic techniques to
reveal the binding types and properties of RxAc and RxAcNPs with Lyz. The
influences of RxAc and RxAcNPs on the conformation and microenvironment of
Lyz were explored.

The aim of this study was the synthesis and characterization of Roxatidine
acetate–loaded Chitosan in the presence of Tween80 (Tw80) surfactant (RxAcNPs)
and to clarify the binding mechanism of RxAc and RxAcNPs with Lyz using
multi-spectroscopic and molecular docking techniques and provide useful informa-
tion for understanding the toxicological actions of RxAc and RxAcNPs at the
molecular level.

2. Experimental

2.1 Materials

Lysozyme (from hen egg white) (Catalog number: L6876) was purchased from
Sigma and was used as such. The Lysozyme solution was prepared in the 0.1 M
phosphate buffer of pH = 7.40. The concentration of Lyz was determined using the
extinction coefficient ϵ280 = 37,750 mol�1 L cm�1 [30]. Chitosan, Sodium
tripolyphosphate (TPP), and Tween80 (Tw80) were also purchased from Sigma
(India). NaCl (0.15 M) has been added to buffer solutions to control the ionic
strength, as required. Roxatidine acetate HCl (RxAc) (≥ 98%) was purchased from
Tokyo Chemical Industry Co., Ltd. (TCI), India. The stock solution of RxAc
(0.3 mM) was prepared in ethanol and the final concentration of ethanol was below
2.3%, and the stock solution of RxAcNPs (0.3 mM) was also prepared in ethanol and
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this concentration was used for all the spectroscopic measurements. RxAc and
RxAcNPs were accurately weighed on Shimadzu AUY-220 microbalance of resolu-
tion 0.1 mg. All the reagents were of analytical grade. For all experiments, double-
distilled water was used.

2.2 Synthesis of Roxatidine acetate nanoparticles

Roxatidine acetate drug-loaded Tween80-Chitosan nanoparticles (RxAcNPs)
were prepared through the ionotropic gelation technique. The principle of this
method is interaction of the positive charge of Chitosan amino groups with the
negative charge of TPP groups [31, 32]. As listed in Table 1, the solution of Chitosan
was prepared by dissolving 0.5 g Chitosan (0.5%) in 100 ml of acetic acid (1% v/v).
TPP solution (0.1%) was prepared through dissolving 100 mg of TPP in 100 ml of
deionized water. 30 mg of Roxatidine acetate was added to the solution of TPP. The
solution was stirred at 1500 rpm for 30 min using an ultrasonicator (vibronics), and
the solution of TPP was added gradually with continuous stirring for 3 hours on a
homogenizer. The mixture of Roxatidine acetate, 0.1% TPP, and 0.1% Tween80
was added gradually to Chitosan solution. Tween80 was added to make the pre-
pared solution stabilized and to limit the nanoparticle growth and thus to obtain
particles of reduced mean sizes [31–33]. The precipitate was stirred at 9000 rpm for
3 hours using an ultrasonicator (vibronics). After the addition of a drug–Tween80–
TPP solution to the solution of Chitosan, the suspended solution of nanoparticles
was centrifuged for 15 min at 10,000 rpm, and the Roxatidine acetate nanoparticles
were obtained.

2.3 Drug content and release profile of Roxatidine acetate nanoparticles

To confirm the drug content, encapsulation efficiency, and release of RxAc, the
conventional method and dialysis method were used for testing RxAc-loaded
Tween80-CsNPs. The encapsulation efficiency and drug content were estimated
according to the procedure reported by Cevher et al. [34]. After drug loading, the
RxAcNPs were isolated from the suspension using centrifugation at 10000 rpm for
15 min. The quantity of free Roxatidine acetate in the supernatant was measured
using the UV–Vis spectrophotometer (double beam Perkin Elmer λ-45) at 275 nm.
RxAc release was investigated in vitro by dialysis using phosphate buffer (PBS) at
different pH (3.5, 6.6, 7.4, and 8.4) and 298 K. 25 mg of Roxatidine acetate–loaded
Tween80–Chitosan nanoparticles were added to 50 ml of each PBS buffer in differ-
ent flasks and were shaken using a magnetic stirrer at 298 K. At various time
intervals, 2 ml from the suspended solution of nanoparticles was taken and
centrifuged at 10000 rpm for 15 min and the standard curve for RxAc was acquired
by UV spectrophotometry. At 275 nm, the RxAcNPs entrapment efficient (EE),

Components Ratio (5:1:1)

Roxatidine acetate (mg)/100 ml 30

Chitosan (g)/100 ml 0.5

Sodium Tripolyphosphate (g)/100 ml 0.1

Tween 80 0.1 % (ml) 20

Acetic acid ml/100 ml 2

Table 1.
Formula for preparation of Roxatidine acetate loaded Tween80-Chitosan nanoparticles.
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drug content, and accumulated release percentage (%) at different pH were deter-
mined spectrophotometrically and were calculated using the following equations, as
described previously [31–35]:

drug content %ð Þ ¼
weight of drug in nanoparticles

weight of nanoparticles
� 100 (1)

EE %ð Þ ¼
Amount of drug taken for formulationð Þ � amount of unentrapted drugð Þ

Total amount of drug in formulation

� 100

(2)

2.4 Characterization of Roxatidine acetate–loaded Tween80–Chitosan
nanoparticles

Characterization of RxAc-loaded Tween80–Chitosan nanoparticles comprised
Fourier transform infrared spectroscopy using PerkinElmer Frontier equipment
with a resolution of 4 cm�1 and a wavenumber range of 400–4000 cm�1. The
particle size was measured by Zetasizer Nano ZS (Malvern, UK), and scanning
electron microscope (SEM) in a JEOL JSM-6510 with an accelerating voltage of 15
kV was used to visualize the shape of RxAcNPs. Powder XRD scanning (Lab-X,
Shimadzu-XRD 6100 instrument, Japan) was performed to analyze the crystalline
nature of RxAcNPs within the range of diffraction angle 2θ from 5° to 60.

2.5 Analysis of RxAc and RxAcNPs with Lyz

2.5.1 Fluorescence spectra study

The spectra of fluorescence emission were collected on Hitachi F-2700 Spectro-
fluorimeter with a Xenon lamp, and the quartz cuvette of 1 cm path length was
used. The slit widths of excitation and emission were set at 5 nm. The rate of
scanning was set to 300 nm/min. The wavelength of excitation was set at 280 nm
and emission wavelength at 290–500 nm. The synchronous fluorescence spectra
were scanned from 260 to 330 nm (Δλ = 15 nm) and from 220 to 330 nm
(Δλ = 60 nm). A buffer blank spectrum was subtracted from the measured spectra
for fluorescence background correction. The concentration of Lyz was kept con-
stant at 10 μM, while the concentrations of RxAc and RxAcNPs were varied. All the
measurements were performed at pH 7.4.

2.5.2 The influence of Tween80 (Tw80) inclusion on the interaction of the
Lyz–RxAc system

Tween80 was utilized to improve the stability of the therapeutic molecule and
its safety at its target site. The influence of Tw80 inclusion on the interaction of the
Lyz– RxAc system was studied by keeping the concentration of Lyz at 10 μM and
changing the concentration of RxAc (2–16 μM), while the concentrations of Tw80
were maintained at 2 and 4 μM.

2.5.3 UV–Vis spectroscopic measurements

The UV–Vis absorption spectra were recorded using a double-beam PerkinElmer
λ-45 spectrophotometer. For the whole experiment, the quartz cuvette of 1 cm path
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length was used. The concentration of Lyz was kept at 10 μMwhile the RxAc and
RxAcNPs concentrations were varied. All the readings were recorded at room tem-
perature.

2.5.4 Circular dichroism (CD) measurements

Circular Dichroism (CD) spectra were carried out using a Jasco J-815 spectropo-
larimeter and using a quartz cell of 0.1 cm path length. Response time and data
pitch were fixed at 1 s and 1 nm, respectively. CD spectra were measured in the far-
UV region (200–250 nm) with a scan speed of 100 nm/min and two scans for each
spectrum under constant nitrogen flow. For all the measured spectra, Phosphate
buffer baseline subtraction (pH 7.4) was used. Concentration of Lyz for all runs was
fixed at 10 μM, while the RxAc and RxAcNPs concentrations were 0, 40, and
80 μM. All the measurements were carried out at room temperature.

2.5.5 Molecular docking of the Lyz–RxAc system

Molecular docking study used software Autodock 4.2 and Autodock tools (ADT)
using the Lamarckian genetic algorithm [29]. The crystal structure of Lyz (PDB ID:
2LYZ) was obtained from Brookhaven Protein Data Bank and three-dimensional
structure of Roxatidine acetate (CID = 5105) was obtained from PubChem. All the
ions and water molecules were removed, hydrogen atoms were added, and partial
Kollman charges were assigned. The Autodock run was carried out through the
following parameters: GA population size, 150; maximum number of energy evolu-
tions, 2.5 � 106, and Grid box size 86 Å � 80 Å � 96 Å along x-, y-, and z axes
covering the whole protein with a grid-point spacing of 0.375 Å. Discovery Studio
3.5 was utilized for identification and visualization of the residues involved.

3. Results and discussion

3.1 Method development and release profile

In order to obtain insight into the binding interaction of RxAcNPs with Lyz, the
drug content, encapsulation efficiency (EE), and releasing percentage of RxAc were
determined utilizing spectrophotometric techniques, with the mole ratio 5:1:1 of Cs,
TPP, and Tween80, respectively. The maximum absorption wavelength was found
to be 275 nm for RxAc. The drug content and encapsulation efficiency of RxAc in
CsNPs based on the preparation of formulation are represented in Table 2. As listed
in Table 2, the results displayed high encapsulation efficiency, which was
88.25 � 0.26%, and the total content of drug in the nanoform was 26.48 � 0.17 mg,
which was nearly the total content of drug used in the preparation of the formula-
tion matrix. These results revealed that the developed method is reliable and accu-
rate to estimate the content of drug without interference of the formulation matrix
or excipients. Additionally, it has the possibility to estimate the content of drug in
the complex nanocarriers-based formulation.

The RxAc release profile from RxAc-loaded Tween80–Chitosan nanoparticles at
different values of pH is illustrated in Figure 2. The drug released from the
nanoparticles was little during the initial 2 hours (less than 25%). After 2 hours, the
quantity of the released drug increased with time. The RxAc percentages released at
the end of 24 hours. were 90.21 � 0.73, 85.83 � 0.54, 82.79 � 0.34, and
75.01 � 0.57% for pH 3.5, 6.6, 7.4, and 8.4, respectively (Table 3 and Figure 2).
Furthermore, as the pH decreased, the amount of released drug increased, showing
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that the drug release depends upon the pH of the media, as well as the nature of the
polymer matrix [33, 34], which means that the developed method is suitable and
effective for preparing the antiulcer drugs in nanoform.

The nanoparticles resulting from this developed method were used to investigate
the applicability in simulation of studies of drug nanoparticles–protein interaction.
The known concentrations (0–16 μM) of the RxAcNPs solution were added to the
fixed concentration of Lyz (10 μM) to examine the binding interaction under
physiological conditions.

3.2 Characterization of Roxatidine acetate–loaded Tween80–chitosan
nanoparticles

Fourier transform infrared (FTIR) spectra of the CsNPs and RxAcNPs are shown in
Figure 3A. Chitosan is known to possess amine groups on the glucosaminemoiety
whereas Roxatidine acetate is an amphoteric drug having hydrophobic and hydrophilic
moieties (dOH, CO, anddNH groups). The characteristic absorption bands for
Chitosan were observed at 1650, 1545 and 1420 cm�1were corresponding to amide I,
amide II and amide III, respectively. 1095 cm�1was corresponding to CdN stretching,
and 2936 cm�1was corresponding to the asymmetric stretching vibration ofmethylene
and 3350 cm�1was due to the stretching vibration of NdH. The FTIR spectra of
RxAcNPs were compared with the FTIR spectra of CsNPs. The spectra did not show
any new band for characteristic peaks of RxAc in RxAcNPs spectra and the existing
shift of bands indicating entrapment of RxAcwithin the chitosanmatrix, suggesting no
new chemical bond formation between RxAc and CsNPs. Consequently, this observa-
tion excluded the possibility of an interaction between the polymer and drug indicating

The total quantity of Roxatidine acetate used in formulation (mg) 30.00

The cumulative quantity of RxAc (mg � SD*) 26.48 � 0.17

Encapsulation efficiency ( % � SD*) 88.25 � 0.26

Particle Size (nm � SD*) 220 � 5

*Standard deviation (N = 3)

Table 2.
Nanoparticle sizes and mass balance of the Roxatidine acetate used in nanoparticles formulation.
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In vitro of RxAcNPs release profile at different pH values.
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that RxAc was physically dispersed in the polymer [33–38]. As shown in Figure 3B,
RxAc-loaded Tween80–Chitosan nanoparticles were examined using the PXRD tech-
nique. The peak at 11.72° represents the presence of Cs and at 17.65°, the presence of
TPP is indicated. A synthesized nanoformwas specified, illustrating the semicrystalline
nature of RxAcNPs after the available analysis, which depends on the little sharp
pattern of XRD; hence, the drug was just encapsulated in Tween80–Cs nanoparticles
without any interaction. The peaks at 24.18° and 27.21° indicated the presence of RxAc
[39–45]. As shown in Figure 4A andTable 2, the data of DLS showed that the particle
size of RxAcNPswas 220� 5 nm,whichwas almost in conformitywith the data of SEM
as shown in Figure 4B. The SEMmicrograph of RxAcNPs clearly illustrates the pres-
ence of RxAc on the Chitosan surface, which clarifies the drug encapsulation in the
nanoparticle surface. The data of SEM of Tw80–CsNPs before and after loading RxAc
illustrated that the spherical shape of the nanoparticles of Tw80–CsNPs is slightly
deformed because of the loading of RxAc, as shown in Figure 4B.

3.3 Analysis of RxAc and RxAcNPs with Lyz

3.3.1 Fluorescence spectroscopy

Fluorescence quenching of lysozyme is broadly used in measuring the binding
affinity of protein and drug. Lyz has three main Trp residues located at its active

pH Amount (mg) � SD* 3.5 6.6 7.4 8.4

The total amount of Roxatidine acetate
used for release study

25 25 25 25

The cumulative amount of drug released 20.32 � 0.11 18.49 � 0.39 16.82 � 0.29 14.49 � 0.46

Amount of drug unreleased 2.23 � 0.24 2.97 � 0.41 3.88 � 0.18 4.26 � 0.27

The total amount of drug recovered 22.55 � 0.49 21.46 � 0.05 20.70 � 0.16 18.75 � 0.21

Percentage amount of drug recovered (%) 90.21 � 0.73 85.83 � 0.54 82.79 � 0.34 75.01 � 0.57

*Standard deviation (N = 3).

Table 3.
Mass balance of Roxatidine acetate used in vitro release study at deferent pH.
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binding site, i.e., Trp-62, Trp-63, and Trp-108. The intrinsic fluorescence of Lyz
comes from tryptophan residues (Trp-62, Trp-63, and Trp-108) and to study the
conformational changes of Lyz in the binding process of Lyz with drugs used to be a
fluorescent probe [4, 46]. The effects of RxAc and RxAcNPs on Lyz fluorescence
intensity are shown in Figure 5A and B, respectively. After being excited with a
wavelength of 280 nm, Lyz has a fluorescence emission with a peak at 337 nm; the
fluorescent intensity of Lyz decreased regularly with increasing concentrations of
RxAc and RxAcNPs. Interestingly, a red shift of about 6 nm and 4 nm in the λmax
were observed in Lyz-RxAc and Lyz-RxAcNPs systems, respectively. Moreover,
78% of the fluorescence emission was quenched by RxAc in case of the Lyz–RxAc
system whereas 77% quenching of the emission was observed in case of the Lyz–
RxAcNPs system, which sketches a picture as to how the quencher RxAc and
RxAcNPs ingress the fluorophore and bring about the quenching. Further, it sug-
gests a change in the surrounding environment of the fluorophores due to interac-
tion with RxAc and RxAcNPs and that the binding regions of RxAc and RxAcNPs
are in the vicinity of Trp residues. Considering the above observations, it could be
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Figure 4.
(a) Particle size distribution of RxAcNPs, (b) SEM image of RxAc-loaded Chitosan nanoparticles (RxAcNPs).
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adjudged that RxAc and RxAcNPs bind to Lyz and quench its intrinsic fluorescence.
The red shift in the λmax in Lyz–RxAc and Lyz–RxAcNPs systems indicated an
increase in polarity and a decrease in hydrophobicity [47–49].

As we know well, the phenomena of fluorescence quenching are brought about
by various intermolecular episodes, namely excited-state reactions, ground-state
complex formation, energy-transfer molecular rearrangements, and collisional
quenching [50–52]. There are two types of quenching that are Static quenching and
dynamic quenching. In static quenching, a nonfluorescent fluorophore-quencher
complex is formed, whereas in dynamic quenching, collision between the quencher
and fluorophore during the lifetime of the excited state is established. The two types
of quenching can be distinguished from each other by taking viscosity and
temperature-dependent measurements [53]. In the present systems, the
fluorescence-quenching mechanism has been studied using the well-known
Stern–Volmer (S–V) Equation [48, 53, 54]:

F0

F
¼ 1þ Ksv Q½ � ¼ 1þ Kqτ0 Q½ � (3)

where F0 and F are the protein fluorescence intensities in the absence
and in the presence of the drug molecule (quencher), respectively, Ksv is
the constant of Stern–Volmer quenching, [Q] is the concentration of the
quencher, Kq is the quenching rate constant of the biomolecule, and τ0 is the
biomolecule average lifetime in absence of the quencher. A single type of
quenching mechanism, either static or dynamic quenching mechanism, is
included, when the plot of F0/F vs. [Q] is linear, whereas deviation from linearity
suggests the presence of both quenching mechanisms. The value of Ksv is estimated
from the plot of F0/F vs. [Q]. Considering the well-known connection between the
quenching constant and the Kq quenching rate constant, and taking into account the
fluorescence lifetime of the biopolymer as 10�8 s, the Kq values can be calculated
[9, 19, 55]:

Kq ¼
Ksv

τ0
(4)

Figure 6A and B show the plots of F0/F for Lyz versus [Q] of RxAc and
RxAcNPs at 298, 304, and 310 K and pH 7.4, where [Q] ranges from 2 to 16 μM of
RxAc and RxAcNPs. Plots in Figure 6A and B show that the results of Lyz–RxAc
and Lyz–RxAcNPs systems agree very well with the Stern–Volmer equation, which
indicates that a single type of quenching mechanism is involved, either static or
dynamic [56–59]. The results listed in Table 4 showed that KSV and Kq values of
Lyz–RxAc and Lyz–RxAcNPs decreased upon increasing temperature and that the
quenching of both systems follows the static quenching mechanism [53, 60].
The maximum scatter collision quenching constant (Kq) with the biopolymer is
2 � 1010 L mol�1 s�1. The values of Kq of the protein quenching initiated by RxAc
and RxAcNPs are greater than the constant of maximum scatter collision
quenching, thus indicating that quenching is initiated from the formation of
complex and not the dynamic collision [53].

3.3.2 Binding interaction analysis

The constant of binding (Ka) and the number of binding sites (n) of the inter-
action between RxAc/RxAcNPs and Lyz could be investigated from the logarithmic
form of the Stern–Volmer equation: [48, 52, 53]
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log
F0 � F

F
¼ log Ka þ n log Q½ � (5)

From the plot of Log[(F0 – F)/F] vs. log [Q], the binding constant (Ka) and the
number of binding sites (n) could be obtained, where the intercept yields the value
of the binding constant (Ka) and the slope gives the number of binding sites (n)
(listed in Table 5). The values of Ka were 104 L mol�1 for Lyz–RxAc (Figure 7A)
indicating a high affinity of the Lyz molecule for RxAc besides binding number up
to 0.96; however, the binding affinity of Lyz for RxAcNPs (Figure 7B) was found
lower, ranging up to the order of 103 L mol�1 and binding number up to 0.91.
All these results lead to the conclusion that binding is stronger between Lyz and
RxAc than that between Lyz and RxAcNPs, which will definitely affect its free
concentration and its bound concentration in the blood plasma [61, 62].

The drug bioavailabilities could be estimated from the binding affinity values.
The nanoform of drug (RxAcNPs) has shown less binding affinity to Lyz, which

Figure 6.
Stern-Volmer plots for quenching of Lyz fluorescence by (A) RxAc (B) RxAcNPs at different temperatures.

System pH T(K) KSV � 104 (L mol�1) SD* R* Kq � 1012 (L mol�1 s�1)

Lyz-RxAc 7.4 298 1.86 0.04 0.999 1.86

304 1.54 0.12 0.999 1.54

310 1.17 0.28 0.999 1.17

Lyz-RxAcNPs 7.4 298 1.76 0.17 0.996 1.76

304 1.49 0.13 0.994 1.49

310 1.22 0.07 0.994 1.22

Lyz-RxAc-Tw80 (2μM) 7.4 298 1.47 0.06 0.999 1.46

Lyz-RxAc-Tw80 (4μM) 7.4 298 1.33 0.08 0.998 1.33

S.D* is standard deviation (N = 3)
R** is the correlation coefficient of KSV

Table 4.
Quenching parameters of Lyz-RxAc and Lyz-RxAcNPs systems at different temperatures.
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indicates that the distribution and absorption of drug nanoparticles to various
tissues will be higher, as the stability of the Lyz–RxAcNPs complex is lower
compared to Lyz–RxAc complex [63, 64].

3.3.3 The influence of Tween80 (Tw80) inclusion on the interaction of the
Lyz–RxAc system

The influence of Tween80 inclusion onto the interaction of Lyz–RxAc systems
was studied by introducing Tween80 to the Lyz–RxAc system at room temperature
(Figure 8A and B). The results of the Stern–Volmer constant (KSV) and binding
constant (Ka) are shown in Figures 9A,B and 10A,B and listed in Tables 4 and 5.
We observed that the results of KSV and Ka in the presence of Tw80 were smaller
than in its absence. These results indicated that the Tw80 helps to release RxAc
from the Chitosan nanoparticles, due to a fraction of RxAc binding to it by weak

System pH Temp.

(K)

Ka (L mol�1) R* n ∆G

(kJ mol�1)

∆H

(kJ mol�1)

∆S

(J mol�1 K�1)

Lyz-RxAc 7.4 298 1.14 � 104 0.998 0.96 �22.25 �71.80 �166.28

304 0.84 � 104 0.999 0.95 �21.24

310 0.37 � 104 0.999 0.89 �20.25

Lyz-RxAcNPs 7.4 298 1.24 � 103 0.999 0.91 �17.73 �86.61 �231.13

304 0.69 � 103 0.999 0.88 �16.34

310 0.32 � 103 0.999 0.84 �14.96

Lyz-RxAc-
Tw80(2 μM)

7.4 298 2.33 � 103 0.999 0.90 - - -

Lyz-RxAc-
Tw80(4 μM)

7.4 298 1.07 � 103 0.997 0.85 - - -

*R is the correlation coefficient of Ka

Table 5.
Binding constant, number of binding sites and Thermodynamic parameters of Lyz-RxAc and Lyz-RxAcNPs
systems at different temperatures.

Figure 7.
Plots of log [(Fo-F)/F] versus log [Q] for (A) Lyz-RxAc and (B) Lyz RxAcNPs systems at different temperatures.
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bonds; hence, Tw80 helps to release more drug to the tissues as compared to the
drug released from plasma [65]. Furthermore, Tw80 encloses the RxAc molecule
and obstructs it from colliding directly with the amino acid residues found in the
binding sites of Lyz [66].

3.3.4 The force acting between Lyz and RxAc/RxAcNPs

The driving force of binding could be assessed from the thermodynamic law
summarized by Ross and Subramanian. The stability of the protein–drug complex
and the binding of drug onto protein are influenced by various types of noncovalent
forces such as hydrophobic interactions, hydrogen binding, Van der Waals, and
electrostatic forces. To get the thermodynamic parameters, the Van’t Hoff equation
has been used:

ln Ka ¼
�∆H0

RT
þ
∆S0

R
(6)

Figure 8.
A,B: Fluorescence emission spectra of Lyz in the presence of RxAc and Tw80 at 298 K. CLyz: 10 μM (a),
CTw80: 2 and 4 μM (b), CRxAc (c–k): 2, 4, 6, 8, 10, 12, 14 and 16 μM.

Figure 9.
A,B: Stern-Volmer plots for quenching of Lyz fluorescence by RxAc in the presence of Tw80 (2 and 4 μM) at
298 K.
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∆G0 ¼ �RTlnKa ¼ ∆H0 � T∆S0 (7)

where Ka is the constant of binding at the corresponding temperature T, T is the
absolute temperature, and R is the universal gas constant. The plot of lnKa versus
1/T allows the estimation of the enthalpy change (ΔH) and the entropy change (ΔS)
[9, 67–69]. The enthalpy change (ΔH) and the entropy change (ΔS) can be obtained
from the slope and the intercept of the Van’t Hoff plots, respectively. From the
thermodynamic viewpoint, Ross and Subramanian recommended that ΔH < 0 and
ΔS < 0 suggest the van der Waals force and hydrogen bond formation, ΔH > 0 and
ΔS > 0 show a hydrophobic interaction, and ΔH < 0 and ΔS > 0 propose electro-
static forces of interaction [53, 62–64].

As shown in Figure 11A and B, there is a good linear relationship between lnKa and
1/T, suggesting that ΔH is constant in the current temperature range. From Table 5, it
could be seen that ΔH = � 71.80 kJ mol�1 and ΔS = � 166.28 J mol�1 K�1 for the Lyz–
RxAc system and ΔH = � 86.61 kJ mol�1 K�1 and ΔS = � 231.13 J mol�1 K�1 for the
Lyz–RxAcNPs system. The negative values of ∆H and ∆S for interaction of Lyz with
RxAc and Lyz with RxAcNPs indicate that hydrogen bonds and Van der Waals
forces play a major role in the interaction of Lyz–RxAc and Lyz–RxAcNPs systems,
and the binding reaction is exothermic and enthalpically driven. The negative values
of ∆G for both systems at different temperatures (298, 304, and 310 K) mean that
the binding processes are spontaneous in both systems.

3.3.5 Fluorescence resonance energy transfer (FRET)

Fluorescence resonance energy transfer is a nondestructive spectroscopic
method and an investigatory tool that can monitor the proximity and relative
angular orientation to study energy transfer from donor to acceptor. A transfer of
energy could be carried out through direct electrodynamic interaction between the
primarily excited molecule and its neighbors [70, 71]. The fluorophores of donor
and acceptor can be entirely nonattached or attached to the same macromolecule
[72]. In the present case, Lyz is the donor and RxAc and RxAcNPs are the acceptors.
According to this theory, the efficiency (E) of energy transfer from Lyz to RxAc or
RxAcNPs and the distance (r) of binding between Lyz and RxAc or RxAcNPs could
be calculated by Eq. (8) [70, 73]:
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Figure 10.
A,B: Plots of log [(Fo-F)/F] versus log[Q] for Lyz-RxAc-Tw80 systems.
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E ¼
R6
0

R6
0 þ r6

¼ 1�
F

F0
(8)

where E could be determined experimentally from the donor emission in the
absence (F0) and presence of the acceptor (F), normalized to the same donor
concentration, r is the actual distance between the donor (Lyz) and the acceptor
(RxAc/RxAcNPs), R0 is the critical distance when the efficiency of transfer is 50%,
which depends on the quantum yield of the donor, the extinction coefficient of the
acceptor, the overlap of donor emission and acceptor absorption spectra, and the
mutual orientation of the chromophores. R0 can be defined by Eq. (9) [70, 74]:

R6
0 ¼ 8:8� 10�25K2N�4Φ J (9)

where K2 is the spatial factor of orientation related to the geometry of the donor
and acceptor of dipoles, N is the refractive index of the medium, Φ is the fluores-
cence quantum yield of the donor, and J is the effect of spectral overlap between the
donor emission spectrum and the acceptor absorption spectrum, which could be
calculated by Eq. (10)

J ¼

P
F λð Þ ε λð Þλ4∆λ

F λð Þ∆λ
(10)

where F(λ) is the donor fluorescence intensity at wavelength λ and ε(λ) is the
molar absorption coefficient of the acceptor at wavelength λ. The efficiency of
transfer (E) could be obtained using Eq.8, where F and F0 are the relative fluores-
cence intensities in the presence and absence of acceptor [56]. For Lyz, K2 = 2/3,
N = 1.36, and Φ = 0.15 [62, 75].

The overlap of the absorption spectrum of RxAc and RxAcNPs with the fluores-
cence emission spectrum of Lyz are shown in Figure 12A and B, in the wavelength
range of 280–310 nm and 280–308 nm, respectively. The fluorescence emission
from both systems at an excitation wavelength of 280 nm is mainly from the Lyz
molecule as both RxAc and RxAcNPs are nonfluorescent at the excitation wave-
length. However, at this excitation wavelength, RxAc and RxAcNPs do show weak
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Figure 11.
Vant-Huff Plot for (A) Lyz-RxAc and (B) Lyz-RxAcNPs systems at different temperatures.
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absorption, which suggests the probability of energy transfer from Lyz to RxAc/
RxAcNPs. Using Eqs. (8)–(10), the parameters related to energy transfer from Lys
to RxAc or RxAcNPs are calculated and are presented in Table 6. The values of R0,
r, J, and E were found to be 3.40 nm and 4.66 nm, 6.67 � 10�14 cm3 L mol�1 and
0.23 for Lyz–RxAc, whereas the corresponding values were 3.44 nm, 4.53 nm,
7.18 � 10�14 cm3 L mol�1 and 0.24 for Lyz–RxAcNPs, respectively. The obtained
result indicates that RxAc and RxAcNPs are strong quenchers and these may situate
in the close proximity of Lyz. The values of binding distance (r) between the donor
and acceptor for all the systems are in the range of 2–7 nm, denoting that the energy
transfer is possible between Lys and RxAc or RxAcNPs. The values of R0 and r are
also in the academic range, which proves that nonradiative energy transfer occurs
between Lyz and RxAc/RxAcNPs. Furthermore, the results also suggest that static
quenching is responsible for the quenching of fluorescence emission as the binding
involved energy transfer from Lyz to RxAc/RxAcNPs [48, 59, 76, 77].

3.3.6 Conformational changes of lysozyme

Synchronous fluorescence spectroscopy is a kind of important method and a
proficient technique, which is utilized to evaluate the conformational changes and
provides the information regarding the molecular environment in the vicinage of
the chromophore molecule [78, 79]. Because of its sensitivity, spectral simplifica-
tion, spectral bandwidth reduction, and shunning of different perturbing effects, it
can be used as an ideal and a very useful method to study the microenvironment of
Trp residues by measuring the possible shift in wavelength emission maximum
(λem) [48, 80]. The polarity changes around the chromophore molecule, i.e., the
Lyz conformation, may be due to the shift in the position of emission maximum.
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Figure 12.
Spectral overlap between fluorescence emission spectrum of Lyz and absorption spectrum of (A) RxAc and
(B) RxAcNPs when the molar ratio of Lyz and RxAc or RxAcNPs is 1:1. [Lyz]: 10 μM, [RxAc or RxAcNPs]:
2 μM at 298 K.

System R0 (nm) r (nm) E J (cm3 L mol�1)

Lyz-RxAc 3.40 4.66 0.23 6.67 � 10�14

Lyz-RxAcNPs 3.44 4.53 0.24 7.18 � 10�14

Table 6.
Energy transfer parameters for Lyz-RxAc and Lyz-RxAcNPs interactions at 298 K.

16

Surfactants and Detergents - Updates and New Insights



As is well-known, the spectra of synchronous fluorescence show Trp residues of Lyz
at the wavelength interval (∆λ) of 60 nm, while at the wavelength interval (∆λ) of
15 nm, the spectra of synchronous fluorescence show Tyr residues of Lyz [81].

At Δλ = 15 nm, in the Lyz–RxAc and Lyz–RxAcNPs systems in the investigated
concentration range, the maximum emission wavelength keeps its position without
any shift (Figure 13A and B), which indicates that there is no change in the
microenvironment of the Tyrosine residues in both systems, whereas over the
investigated concentration range at Δλ = 60 nm, it can be seen that the maximum
emission wavelength moderately shifts from 279 to 274 nm in the Lyz–RxAc system
and from 279 to 275 nm in the Lyz–RxAcNPs system toward blue wavelengths. On
looking through the synchronous spectra for the Lyz–RxAc and Lyz–RxAcNPs
systems (Figure 14A and B), the shift effect shows that the conformation of Lyz
has changed. The blue-shift effect indicates that the microenvironment around the
Tryptophan residues is disturbed and shows a decrease in the polarity and an
increase in the hydrophobicity around Tryptophan residues.

3.3.7 UV–vis absorbance spectroscopy

UV–Vis spectroscopy is a simple technique and an effective method that can
help to know the structural changes in the system and to explore the formation of
complex and the change in hydrophobicity [82].

In the present study, we have observed the change in the UV absorption spectra
of Lyz–RxAc and Lyz–RxAcNPs systems (Figure 15A and B), which indicated that
the interaction between Lyz and RxAc/RxAcNP molecules may lead to change in
the conformation of Lyz. It was evident that the UV absorption intensity of Lyz
increased regularly with the variation of RxAc and RxAcNP concentrations. The
maximum peak positions of Lyz–RxAc and Lyz–RxAcNPs were shifted slightly
toward a longer wavelength region (279–284 nm and 279–283 nm, respectively).
The change in λmax is observed possibly due to complex formation between Lyz
and RxAc/RxAcNPs. The red shift in the absorbance spectra also indicated that the
polarity of amino acid microenvironments increased with the addition of RxAc or
RxAcNPs [83–86], which is in good agreement with the quenching and Synchro-
nous fluorescence spectroscopy and thermodynamic analysis results.
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Figure 13.
Synchronous fluorescence spectrum of (A) Lyz-RxAc and (B) Lyz-RxAcNPs systems at 298 K : (∆λ = 15 nm),
C(Lyz) = 10 μM; C(RxAc or RxAcNPs) (b-j): 2, 4, 6, 8, 10, 12, 14 and 16 μM.
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3.3.8 Circular dichroism spectroscopy

The technique of far-UV Circular dichroism spectroscopy (CD) is an important
and powerful technology technique utilized to probe the secondary and tertiary
structures of the protein/biopolymer [87–89]. The method is used to explore the
biopolymer conformational changes upon binding of RxAc and RxAcNPs to Lyz,
due to its simplicity and reliability. The CD spectra of Lyz with various concentra-
tions of RxAc and RxAcNPs have been shown in Figure 16A and B at room
temperature. The results of CD spectra of Lyz show two negative bands at 208 nm
(π ! π* transition) and 229 nm (n ! π* transition), which are attributed to the
α-helical structure of protein [67] whose magnitude reveals the amount of α-helicity
in Lysozyme and they arise due to π–π* and n–π* transitions of the peptide bond of
α-helix [84, 89–91]. The CD data have been observed in terms of mean residue
ellipticity (MRE) in deg cm�2 dmol�1 according to the following Equation [92–97]:
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Figure 14.
Synchronous fluorescence spectrum of (A) Lyz-RxAc and (B) Lyz-RxAcNPs systems at 298 K : (∆λ = 60 nm),
C(Lyz) = 10 μM; C(RxAc or RxAcNPs) (b-j): 2, 4, 6, 8, 10, 12, 14 and 16 μM.
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UV–Vis spectra of Lyz in the presence of (A) RxAc and (B) RxAcNPs at 298 K. CLyz: 10 μM (a), CRxAc or
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MRE ¼
obsCD m degð Þ

Cp� n� l� 10
(11)

where Cp is the molar concentration of protein, n is the number of amino acid
residues of the protein (129 for Lyz), and l is the path length in cm. The α-helical
content of Lyz is calculated from the MRE value at 208 nm, using the following
Equation [92–97]:

α� helix %ð Þ ¼
�MRE208 � 4000
33, 000� 4000

� 100 (12)

where MRE208 is the observed mean residue ellipticity (MRE) value at 208 nm,
4000 is the MRE of the β-form and random coil conformation cross at 208 nm, and
33,000 is the MRE value of a pure α-helix at 208 nm.

In order to study the influence of RxAc and RxAcNPs on the secondary structure
of the Lyz, the CD measurements of Lyz in the absence and presence of RxAc and
RxAcNPs were performed. From Figure 16A,B and Table 7, the α-helicity for free
Lyz was 43.34%, while the addition of RxAc and RxAcNPs to the Lyz solution
caused an increase in the negative peak ellipticities, probably as a consequence of
the formation of complex between Lyz and RxAc/RxAcNPs. The CD data in the
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Figure 16.
The CD spectra of (A) Lyz-RxAc and (B) Lyz-RxAcNPs systems. Lyz concentration was kept fixed at 10 μM
(a). In Lyz-RxAc and Lyz-RxAcNPs systems, RxAc or RxAcNPs concentration was fixed at 40 (b) and 80 μM (c).

System α-helix %

[Lyz] (μM) Drug [Drug]

0 43.34

10 RxAc 40 41.12

80 38.73

0 43.34

10 RxAcNPs 40 35.82

80 31.23

Table 7.
α-helicity (%) of Lyz at different concentrations of RxAc and RxAcNPs at 298 K.
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wavelength range of 200–250 nm are used to evaluate the change of the secondary
structure in Lyz. The results showed that interaction with RxAc and RxAcNPs
caused only an increase in the band intensity of Lyz without any significant shift of
the peaks and the helical content decreased to 38.73% and 31.23%, respectively.
The decrease in the α-helical content of lysozyme represents the unfolding of
protein due to interaction with RxAc or RxAcNPs. The unfolding of protein changes
the absorbance value, which in turn alters the ellipticity value. The results showed
that Lyz was induced to adopt a more loose conformation of the extended polypep-
tide. The conformational transition probably resulted in the exposure of the hydro-
phobic cavities to more hydrophilic environment, which is favorable for the
interaction between Lyz and RxAc or RxAcNPs. The CD results also corroborate the
conclusion of fluorescence and UV studies [77, 98].

3.3.9 Molecular docking analysis

The molecular docking is an excellent and an efficient computational technique,
which is used to predict the probable binding site of interaction of protein with the
ligand/drug molecule and also the preferred binding site of the ligand through the
3-D graphics [4, 11, 47, 99]. Moreover, it also displays the amino acid residues
encircling the ligand/drug molecule and also assists to validate the results and
highlights the interaction types operating in the protein–ligand/drug system [4, 99,
100]. To study the interaction in the Lyz–RxAc system, molecular docking studies
were carried out with Autodock Vina software to clarify the mode of binding
between lysozyme and Roxatidine acetate and illustrate the underlying mechanism.
For further study, the lowest energy was chosen that was found to be �5.5 kcal/mol
(�23.01 kj/mol), which is near to the experimental data of ∆G° in thermodynamic
analysis (�22.25 kj/mol). In the Lyz–RxAc system (Figure 17A and B), the molec-
ular docking showed the site of binding of RxAc along the long large pocket
between the two domains of Lyz, which is also its site of active binding [101], and
also showed that there were approximately three sites for binding of RxAc with
lysozyme via hydrogen bonds at the lowest energy (Asn46 “two bonds” and Asp52
“one bond”) (Figure 18A and B). The three sites of binding were all located in the
large pocket of lysozyme. There were two hydrogen bonds between Asn46 and
RxAc that were formed; one bond was between the hydrogen atom of Asn46 and
the oxygen atom (C]O) of Roxatidine acetate, and another hydrogen bond was
between the other hydrogen atom of Asn46 and the oxygen atom of Roxatidine

Figure 17.
Docking interaction of Lyz-RxAc binding, (A) The lysozyme pocket when RxAc was added. (B) Gaussian
contact maps superimposed with the RxAc ligand and the receptor lysozyme, hydrogen bonds preference was
indicated.
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acetate (CdOdC). The third hydrogen bond was between the oxygen atom of
Asp52 and the hydrogen atom (NH) of Roxatidine acetate. The dominant
fluorophores (Trp62 and Trp63) were involved in the binding sites through hydro-
phobic interaction via Pi–alkyl binding, which could illustrate the observed
quenching of fluorescence, whereas the aliphatic amino acid (Ala107) also formed
hydrophobic interaction through alkyl–alkyl binding; in addition, the oxygen atom
of Asp52 formed electrostatic binding with the phenyl ring of Roxatidine acetate, as
shown in Figures 17B and 18A,B. Molecular docking studies have explained that
hydrogen bonding was the dominant driving force in the binding of RxAc to lyso-
zyme, and these results were in accordance with the results of thermodynamic
analysis and UV spectroscopy.

4. Conclusion

In the present study, the RxAc drug–loaded Tween80–Chitosan nanoparticles
(RxAcNPs) have been characterized and probed through FTIR, PXRD, UV–Vis,
DLS, and SEM techniques. The physicochemical properties of RxAcNPs have been
employed and evaluated for drug formulation, determination of external morphol-
ogy, particle size, drug content, entrapment efficiency, and in vitro release of drugs.
In addition, the RxAc and RxAcNPs interactions with Lyz have been investigated
utilizing spectroscopic methods such as fluorescence, UV–Vis, and CD spectros-
copy. The results of Stern–Volmer plots illustrate that the interaction mechanism of
Lyz–RxAc and Lyz–RxAcNPs systems was a static mechanism. In the presence of
RxAc and RxAcNPs, the secondary construction of Lyz is reformed. The results of
synchronous fluorescence and CD spectra confirm that the RxAc and RxAcNPs
cause change in the secondary construction of Lyz. The thermodynamic results
clarify that the main forces in both systems were hydrogen bonds and Van der
Waals forces, also revealing that the reaction of binding in both systems is sponta-
neous, exothermic, and enthalpically driven. The molecular docking results were in
accordance with the results of thermodynamic analysis, UV–Vis, and CD spectros-
copy. The present study illustrates that the binding of RxAcNPs with Lyz is low as
compared to RxAc, which confirms that the distribution and absorption of the
RxAcNPs to various tissues would be higher. Therefore, the result of this study has a
great importance in the clinical medicine and pharmacology area and provides
important insight into the interaction of serum albumins with antiulcer drugs.

Figure 18.
(A) Amino acid residues surrounding RxAc. (B) 2-Dimentional representation of Lyz-RxAc system.
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The significance of this study is evident because the developed RxAc-loaded
Tween80–Chitosan nanoparticles could be utilized as an efficient strategy using
nanotechnology in applications of ulcer therapy.
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