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Abstract
The current work aims to developing MET-CSNPs nanocomposites as drug delivery system. The nanocomposites were
prepared by ionic interactions method and optimized using multiple regression analysis. Independent variables included
chitosan concentration (CS), tri poly phosphate concentration (TPP) and metronidazole concentration (MET); while
dependent variables were percentage loading drug (LE), zeta potential and zeta size. Prepared nanocomposites were
characterized by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), thermal gravimetric analysis
(TGA), scanning electron microscope (SEM) and in vitro drug release studies. TGA, FTIR and XRD studies indicated
the presence of drug into final nanocomposites. In vitro drug release from nanocomposites was carried out and showed
that the release rate of MET from the MET-CSNPs nanocomposites was very slow. These results indicate extended
release of the drug from its respective nanocomposites, and therefore these nanocomposites have good potential to be
used as extended-release formulation of the drugs.
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Introduction

Recently, the identification of the unique properties of
nanoparticles has allowed their application in many fields
such as drug and gene delivery [1, 2], biomedicine [3–5],
tumor detection [6] and tumor treatment [7], this is due
to their unique properties of small size, large surface area
to volume ratio, stability over high temperatures, carrier
the drugs into the cells and high reactivity to the living
cells.

Extended-release formulations are the way for adminis-
tration of drugs to be given as a single dose rather than as
multiple doses. In this way, drug release can be completed
over long periods of time, leading to constant level of the

drug in the bloodstream. In addition, extended-release for-
mulations increase the clinical efficacy of drugs. The prep-
aration of drug nanocomposites as extended-release carriers
has produces a burst in drug delivery systems in the field of
pharmaceutical technology. Chitosan is widely used for this
purpose because of their unique properties, such as ease of
preparation, low cost, good biocompatibility, low cytotox-
icity, and full protection of the drugs loaded [8–10].

Chitin is one of the most abundant natural polymers of all
polysaccharides. One source of chitin is the outer crusts of
lobsters and shrimp where chitin can easily be converted to
chitosan [11, 12].

Chitosan (Poly-b-(1,4)-2-Amino-2-deoxy-D-glucose) is
produced by deacetylation of chitin and can be formed from
co-polymers of N-acetyl glucosamine and glucosamine.
Chitosan can function as a viscosity-increasing agent, a coat-
ing agent, a mucoadhesive, a disintegrant, a film-forming
agent and a tablet binder [13–16].

Chitosan can be considered one of the most important poly-
mers in the pharmaceutical industry [17]. Natural polymer-
based nanoparticles show an improvement on traditional oral
method of drug delivery system in terms of efficiency and
effectiveness [18].

* Samer Hasan Hussein-Al-Ali
samer.alali@iu.edu.jo; sameralali72@yahoo.com

1 Faculty of Pharmacy, Isra University, P.O. Box 22, Amman 11622,
Jordan

2 Materials Synthesis and Characterization Laboratory, Institute of
Advanced Technology (ITMA), University Putra Malaysia, Seri
Kembangan, Malaysia

Journal of Polymer Research          (2019) 26:205 
https://doi.org/10.1007/s10965-019-1854-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s10965-019-1854-x&domain=pdf
http://orcid.org/0000-0002-8760-6069
mailto:samer.alali@iu.edu.jo
mailto:sameralali72@yahoo.com


Different formulations with different independent variables
should be optimized when developing pharmaceutical formu-
lations. The challenges in optimizing of pharmaceutical for-
mulation are due to the interaction between a lot of indepen-
dent variables and individual pharmaceutical responses.
Multiple regression analysis is a potent technique used for just
one dependent and two or more independent (exploratory)
variables [19, 20]. The variable whose value is to be predicted
is known as the dependent variable or response (Y) and the
ones whose known values are used for prediction are known
as independent (exploratory) variables (of X1, X2, …, Xk)
[21].

The aim of the present study is to prepare and optimize the
formulation parameters of metronidazole-chitosan nanoparti-
cles for pharmaceutical applications.

Materials and methods

Materials

The chemicals used in this study are metronidazole
(C6H9N3O3 (99% purity), Sigma-Aldrich); low molecular
weight chitosan (10–120 kDa, 90% deacetylation, Sigma-
Aldrich) and sodium tripolyphosphate ((TPP), AZ chem.,
Sigma Aldrich). HPLC grade acetonitrile (99.8%, FW
41.05) was purchased from VWR (West Chester, PA).
All other chemicals including acetic acid, calcium chlo-
ride, sodium phosphate dibasic, sodium phosphate
monohydrate, and sodium chloride were purchased from
Chem CO (England).

Preparation of CSNPs and MET-CSNPs
nanocomposites

Tripolyphosphate with negative charge has usually been
used to prepare chitosan nanoparticles because of unique
properties; such as nontoxic, multivalent and the ability to
form gels through ionic interactions. The interaction can
be controlled by the charge density of TPP and chitosan,
which is controlled by pH of the solution [22]. CSNPs
nanoparticles were prepared according to the procedure
reported previously with some modifications [23]. CS
(0.5, 1, 2%) was dissolved in 1% (w/v) acetic acid and
sonicate until the solution became transparent. The addi-
tion of TPP solution with concentrations 0.5, 1, 2.5%
were added to CS solution and controlled the pH at 4.5
using NaOH, with stirring at room temperature and stir-
ring for 18 h. The product was centrifuged at 10000 rpm
for 15 min and dried. The same procedure was repeated in
order to form MET-CSNPs nanocomposites using differ-
ent concentrations of MET (1%, 2%, and 4%). All the
samples prepared are summarized in Table 1.

Physico-chemical analysis and characterizations

Powder X-ray diffraction

The crystal phase identification of the prepared nanoparticles and
nanocomposites samples was carried out using X-ray diffraction
(XRD) at University Putra Malaysia-Malaysia. It is an advanced
technique and it was widely used for the characterization of
crystalline materials. The XRD technique was recorded in the
range of 2–70° on a Shimadzu diffractometer, XRD-6000.

Infrared spectroscopy

FTIR is a technique used for identifying the functional groups
and chemical bonds that are present in a molecule, interpreted
from the observed infrared absorption spectrum. Each function-
al group has its own specific wave number/s and absorption
characteristics, from which the functional group present in the
sample can be inferred. Therefore, this technique can be used as
supporting data, which complement other techniques to indi-
cate that intercalation instead of adsorption has taken place.

For this purpose, Fourier transform infrared (FTIR) spectra
of the materials were recorded over the range of 400–
4000 cm−1 on a Perkin Elmer (model Smart UAIR-two) with
4 cm−1 resolutions.

The metronidazole loading efficiency

The ultra-centrifugation instrument was used to determine the
loading efficiency (LE) of MET from prepared nanocompos-
ites. The procedure was as follows: 2.0 ml of suspension was

Table 1 concentrations of CS, TPP and MET used to prepare MET-
CSNPs nanocomposites

In put variables concentrations (%)

Samples CS% TPP% Drug% Samples CS % TPP% Drug%

FS1 0.5 0.5 1 FS15 1 1 4

FS2 0.5 0.5 2 FS16 1 2.5 1

FS3 0.5 0.5 4 FS17 1 2.5 2

FS4 0.5 1 1 FS18 1 2.5 4

FS5 0.5 1 2 FS19 2 0.5 1

FS6 0.5 1 4 FS20 2 0.5 2

FS7 0.5 2.5 1 FS21 2 0.5 4

FS8 0.5 2.5 2 FS22 2 1 1

FS9 0.5 2.5 4 FS23 2 1 2

FS10 1 0.5 1 FS24 2 1 4

FS11 1 0.5 2 FS25 2 2.5 1

FS12 1 0.5 4 FS26 2 2.5 2

FS13 1 1 1 FS27 2 2.5 4

FS14 1 1 2
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centrifuged (Hettich Universal 30 RF) at 10000 rpm for
10 min in an ultra-filtration centrifuge. Finally, the free drug
was measured by high performance liquid chromatography
(HPLC, Shimadzu, Japan). The UV detection wavelength
was 323 nm. Venusil C18 column (4.6 mm × 250 mm,
5 μm) was used to analyze the samples. The column temper-
ature was kept at 25 °C. The mobile phase consisted of a
mixture of acetonitrile/0.1% phosphoric acid (5:95, v/v) and
the flow rate was 1.0 ml/min. The LE were calculated as
follows [24]:

%Loading Efficiency LEð Þ ¼ Tp−Tf

mass of nanoparticles

� 100 ð1Þ

where Tp is the total MET used to prepare the nanoparticles,
and Tf is the free MET in the supernatant.

Particle size, and zeta potential of nanocomposites

Particle size and zeta potential of nanocomposites was ana-
lyzed through dynamic light scattering (DLS) with Zetasizer
Nano S (Malvern, UK) at The Arab Pharmaceutical
Manufacturing. The analysis was performed in triplicate at a
temperature of 25 °C.

Controlled release study of the metronidazole
from the respective nanocomposites

In-vitro release of MET from nanocomposites is determined
by primary method in 0.1 M HCl at pH 1.2, using a Perkin
Elmer UV-Vis spectrophotometer with λmax of 323 nm. A
suitable amount of each nanocomposites was added to 2 mL
of the media. The cumulative amount of drug released into the
solution was measured at preset time intervals at correspond-
ing λmax.

The percentage release of the MET into the release media
was obtained by:

%Release ¼
Concentration of MET at time t ppmð Þ

Concentration corresponding to 100%release of MET ppmð Þ � 100

ð2Þ

The concentration which corresponds to 100% release was
obtained by adding a known amount of nanocomposites in
2 mL HCl with using sonicate and heating the nanocompos-
ites at 37 °C.

Instrumentation

Powder X-ray diffraction (XRD) patterns were used to deter-
mine the crystal structure of the samples in the range of 2–70

degrees on an XRD-6000 diffractometer (Shimadzu, Tokyo,
Japan) using CuKα radiation (λ = 1.5406 Å) at 30 kV and
30 mA. Fourier transform infrared spectroscopy (FTIR) spec-
tra of the materials were recorded over the range of 400–
4000 cm−1 on Perkin Elmer (model Smart UAIR-two).
Thermogravimetric analysis was carried out using a Metter-
Toledo 851e instrument (Switzerland) with a heating rate of
10 °C min−1, in 150 μL alumina crucibles and in the range of
30 °C–900 °C. The zeta potential was measured at 25 °C by
dynamic light scattering (DLS) using a Malvern Zetasizer
Nano ZS (Malvern Instruments, Malvern, UK). UV-Vis spec-
tra were measured to determine the release, using a Shimadzu
UV-1601 spectrophotometer at Isra University.

Results and discussion

XRD for MET-CSNPs nanocomposites

XRD patterns of MET, CSNPs andMET-CSNPs are shown in
Fig. 1(a–c), respectively. Standard MET powder showed a
sharp peak at diffraction angles (2θ) of 12.1o, 13.8o, 24.5o

and 29.3o suggesting that METare highly crystalline in nature
[25]. XRD spectra of CSNPs shows two peaks at 2θ = 12o and
23.7o (Fig. 1b) amorphous form due to cross-linked with TPP
[26]. In case of MET-CSNPs, peaks of MET disappeared and
MET became slightly amorphous once encapsulated into
CSNPs, which showed absence of major peaks at 2θ = 12.1o

and 24.5o. This result indicated that it is amorphous in nature.

Fig. 1 XRDdiffraction spectra ofMET (a), CSNPs (b) andMET-CSNPs (c)
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FTIR spectroscopic analysis of MET-CSNPs
nanocomposites and chitosan–metronidazole
interaction

Fig 2a–d demonstrates FTIR spectra of CS, CSNPs, MET and
MET-CSNPs respectively. For CS, the absorption peak between
3086 and 3676 cm−1 due to OH and NH2 functional group [27].
The peak of C-H stretching appears at 2868 cm−1. The absorp-
tion bands at 1650 cm−1, 1574 cm−1, and (2800–2900) cm−1 are
due to amide I band, N–H bending, and C–N stretching, respec-
tively [28]. The peak of asymmetric stretch of C–O–C is found at
around 1151 cm−1. As seen from Fig. 2b, the peaks of amine I
and N–H bending vibration shifted to 1534 cm−1 (N–H
stretching vibration of ammonium NH3

+ group) and 1432
cm−1, respectively, which may be due to strong ionic cross
linking of chitosan with TPP [28]. The peak at 1156 cm−1 due
to C–O–C and P=O [29]. These results can be attributed to the
linkage between phosphoric group of TPP and ammoniumgroup
of chitosan in nanoparticles

The peaks of MET in Fig. 2d indicate encapsulation of
MET, such as the characteristic peaks of 2941 cm−1 for C-H
stretching, 1454 cm−1 CH2 bending, 1376 cm

−1 CH3 bending
and 1321 cm−1 N=O asymmetric stretching [30].

Because of the cationic properties of chitosan nanoparticles,
ion compounds can be formed by electrostatic interaction be-
tween amine group of chitosan and anionic nitro group of met-
ronidazole (Fig. 3). This result can be confirmed by the bands

centered at 1541 cm−1 and 1379 cm−1 of IR spectrum which
assigned to the N–O stretching of nitro compound [31, 32].

Thermogravimetric analysis of MET-CSNPs
nanocomposites

The TGA curves of pure MET, CSNPs nanoparticles, and
MET-CSNPs nanocomposites were shown in Fig. 4. For
MET, only one main thermal events were clearly observed at
137–288 °C, which can be attributed to the decomposition and
subtle combustion of MET, with a 99.1% weight loss [33].

Fig. 2 FTIR spectra of n-CS (a), CSNPs (b), MET (c) andMET-CSNPs (d)

Fig. 3 Interaction between CSNPs and MET

Fig. 4 TGA curves are shown free MET, CSNPs and MET-CSNPs
nanocomposites
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The CSNPs nanoparticles show four main thermal stages.
The first occurred between 25 and 178 °C, which can be to the
moisture, with a 13.4% weight loss. This was followed by the
second stage between 178 and 462 °C, which can be attributed
to the decomposition of polymer [34, 35], corresponding to
the strong peak at 276 °C and a 34.4% weight loss. Similarly,
the third and the fourth stages appeared between 462–675 and
675–949 °C, with 5 and 18.4% weight loss [2].

The TGA of MET-CSNPs at Fig. 4 shows also four weight
loss steps similar to CSNPs. But in case of MET-CSNPs, the
second stage showed 42.2% weight loss comparing to 34.4%
for CSNPs. The extra weight loss at this stage due to the
incorporation of MET in the CSNPs.

Scanning Electron microscopy (SEM)

The morphology of CSNPs was observed and the results were
shown in (Fig. 5a) CSNPs revealed a very homogenous mor-
phology and they are spherical in shape. SEM image of MET-
CSNPs at Fig. 5b of the optimized formula showed also spher-
ical particles, with uniform size distribution.

Detection of multicollinearity in regression analysis

Multicollinearity occurs when independent variables in a
regression model are correlated. This correlation will effect
on the fit of the model. One method to evaluate
multicollinearity is the variance inflation factor (VIF), which
assesses how much the variance of an estimated regression
coefficient increases if your predictors are correlated. If no
factors are correlated, the VIFs will all be 1 value.

Based on the absence of Multicollinearity from the read-
ings in this work (Table 2), the data will be analyzed statisti-
cally using Multivariate regression model.

Multiple linear regression analysis using stepwise
method

There are different selection methods for linear regression
modeling in order to state how independent variables are used
into the analysis. Simultaneous, stepwise, forward and back-
ward elimination are examples of these methods. By using
these methods, a variety of regression models from the same
set of variables could be constructed. All variables must pass
the tolerance criterion to be entered in the equation, regardless
of the entry method specified. A variable is not entered if it
would cause the tolerance of another variable already in the
model to drop below the tolerance criterion [36]. In a model
fitting the variables to be inserted and removed from the mod-
el and various goodness-of-fit statistics are displayed such as
R2, R squared change, standard error of the estimate, and an
analysis-of-variance table.

Our data was analyzed using Minitab software using step-
wise multiple linear regression models. Stepwise regression
method was removing the weakest correlated variable. At
the end it will leave the variables that explain the distribution
best.

Y ¼ β0þ β1 Χ1þ…þ βρΧρþ σ Υð Þ

Y is the dependent variable (LE, particle size and zeta po-
tential), β0 = intercept, β1 … βρ = regression coefficients of
independent variable CS, TPP and MET concentration.

Table 2 shows the statistical data after using Minitab soft-
ware and remove the non-significant variable and re-fit the
model excluding the data. The excluded variable for LEmodel
was TPP, whereas for Potential model the CS and MET were
the excluded variables.

R-squared is a statistical measure of how close the data are
to the fitted regression line. At Table 4 the R-squared value for

Fig. 5 SEM images of CSNPs nanoparticles (a) and MET-CSNPs nanocomposites (b)
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LE, size and potential model was 71.73%, 75.97% and
66.67%, respectively. Furthermore, these three models have
statistically significant predictors; indicate the models can still
draw important conclusions about how changes in the predic-
tor values are associated with changes in the response value.

The Table 2 also shows the variance inflation factor (VIF)
for selected predictor at models was less than 5, indicated the
absence of the multicollinearity.

Effect of CS, MET and TPP concentrations on loading
efficiency, particles size and zeta potential
of MET-CSNPs nanocomposites

The effect of CS, TPP andMETconcentrations on the loading
efficiency, zeta size and zeta potential were examined as
shown in Table 3.

CS concentration

The effect of chitosan concentration on loaded efficiency was
also examined in this study and it was found that the loading
efficiency increased with the increased CS concentration from
0.5 to 1.0% at 0.5 and 2.5% of TPP. This can be explained by

the increasing concentration of the chitosan, leading to in-
creased physical entrapment of MET.

However, in some samples prepared, the loading efficiency
decreased at high chitosan concentration. This result can be
explained through the aggregation behavior; the particle size
increased with increase in polymer concentration, which leads
to the aggregation of the product. (Section 3–10).

The effect of different chitosan concentrations on the size
of nanoparticles is also shown in Table 3. Our results showed
that by increasing the chitosan concentration from 0.5 to 2.0%
at a constant TPP concentration and MET, the size of nano-
particles increased from 190 nm to 800 nm [37]. The PDI
value of nanoparticles with chitosan concentration of 2%
and some of 1% was not within the acceptable range, as
shown by the formation of aggregates with large diameters.
The PDI value of particles was more favorable at chitosan
concentration of 0.5% than 2%, indicating mid-range polydis-
persity. The effect of CS concentration can be explained by the
fact that addingmore amounts of the chitosan starting material
to the vessel reaction increases the probability of interaction of
chitosan polymers to form larger particles. FromTable 2 at 4%
and 2% MET, increasing the chitosan concentration lead to
decrease in the size from 466 nm to 293 nm and from 300 nm
to 280 nm, respectively.

Table 2 Summary Statistics of
MET-CSNPs nanocomposites LE Size Potential

Fitting model Fitting model Fitting model

Adj SS 13698 743080 589.5

Adj MS 6849.1 247693 589.5

F 26.64 20.02 42.00

P 0.000 0.000 0.000

S 16.0338 111.229 3.74652

R-sq 71.73% 75.97% 66.67%

R-sq (adj) 69.04% 72.17% 65.08%

R-sq (Pred) 63.26% 63.19% 60.20%

Coef 55.72 282.7 40.25

SE-Coef 8.84 81.5 1.50

T-Value 6.30 3.47 26.85

CS MET CS TPP MET TPP

AdjSS 10265 4295 162553 217598 330532 589.5

AdjMS 10264.5 4295.2 162553 217598 330532 589.5

F value 39.93 16.71 13.14 17.59 26.72 42.00

P value 0.000 0.001 0.002 0.000 0.000 0.000

T value −6.32 4.09 3.62 −4.19 5.17 26.85

VIF 1.00 1.00 1.03 1.03 1.06 1.00

LE=

55.72

- 32.54 CS + 10.75 MET

Size=

282.7

+ 139.5 CS

– 122.6 TPP

+ 103.6 MET

Potential=

40.25

– 5.779 TPP
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In general, the stability of nanoparticles depends on the
charge, where the ideal for physical stability of any suspension
was ˃ +30mVand ˂ -30 mV [29]. Zeta potential studies of the
MET-CSNPs nanocomposites showed the values ranging
from 20.4 ± 3.4 to 60.7 ± 4.6 mV. In general, it was noted that
zeta potential of the nanocomposites increased as the chitosan
concentration increased at 0.5% TPP; this can be attributed to
ammonium (NH4

+). The chitosan concentrations at Table 3
did not have a significant effect on the zeta potential.

MET concentrations

In the present study the effect of METconcentration (1, 2, and
4%) has assessed loading efficiency. MET loading efficiencies
increased with MET concentration at 0.5 and 1.0% of CS.
These findings were consistent with previous studies demon-
strating that drug loading onto chitosan particles was directly
related to the concentration of the drug [38]. Our data indicate
that elevating the METconcentration from 1 to 4% leads to an
increase of loading efficiency from 26.1% to 72.2% at 0.5%
CS and 1% TPP condition.

Table 3 shows the effect of MET concentrations on the parti-
cle size. As depicted in the table, it was observed that decreasing
the amount of MET resulted in better particle size. From the
table, concentration at 1% mg of MET at 0.5% CS and 0.5%
TPP showed better size compared to the same conditions at 4%
[39]. At samples prepared (2.0% CS and 2.5% TPP), increasing
the concentration of MET, lead to decrease of the particle size.

TPP concentrations

The effects of chitosan-to-TPPmass ratio on the loading efficien-
cy of nanoparticles were studied at the different mass ratio at a

fixed CS concentration of 0.5 and 2.0%, and the results are
presented in Table 4. The loading efficiency of nanoparticles
decreased with the decrease in weight ratio of CS/TPP. A possi-
ble explanation may be that a more compact solid-matrix struc-
ture resulted due to the increased mass ratio for CS/TPP, which
leads to the increasing amount of formed nanoparticles, resulting
in the increase in loading efficiency in nanoparticles [39]. In
addition, as the ratio of chitosan to TPP increases, the surface
charge in the nanoparticles will also increase. This may have
resulted in higher loading of MET due to increased ionic inter-
action between MET and chitosan [40].

The effect of CS/TPP mass ratio on the particle size was
studied in this work at a fixed CS concentration of 0.5 and
2.0%. The particle size decreased with the decreasing of CS-
TPP mass ratio from 1:1 to 0.5:1 and 4:1 to 2:1, as shown in

Table 3 data collected from
different formulations prepared at
different variables changes

Samples Outcome Variables

%LE Size (nm) Potential (mV) Samples %LE Size (nm) Potential (mV)

FS1 52.1 350.6 33.7 FS15 9.1 806 32.1

FS2 79.7 403.1 22.5 FS16 45.1 228.1 30.8

FS3 88.4 778.4 40 FS17 51.4 270.8 25.7

FS4 26.1 357.3 40 FS18 87.8 224.5 25.9

FS5 72.2 438.4 40.7 FS19 10.5 740.3 38.2

FS6 75.3 465.7 40.1 FS20 6.2 800 60.7

FS7 33.5 228.1 20.4 FS21 7.6 830 43.2

FS8 46.1 881.6 27.1 FS22 7.5 357.3 44.3

FS9 71.8 574.9 28.2 FS23 10.5 806 35.4

FS10 56.1 529.7 32 FS24 17.1 292.8 32.2

FS11 84.6 442.8 31.7 FS25 64.2 409.9 23.1

FS12 91.5 806 37.5 FS26 23.1 279.9 25

FS13 21.5 365.9 42.4 FS27 39.8 242.5 23.7

FS14 23.6 566.7 31.1

Table 4 the effects of chitosan to TPP mass ratio on the loading
efficiency and size of MET-CSNPs nanocomposites

CS/TPP mass ratio CS% MET% %LE Size (nm)

1:1
0.5:1

0.5 1 50.7 ± 0.43 350.6

27.2 ± 0.92 331.2

1:1
0.5:1

0.5 2 80.7 ± 0.49 403.1

70.8 ± 0.35 438.3

1:1
0.5:1

0.5 4 87.7 ± 0.49 677.4

70.5 ± 0.10 465.7

4:1
2:1

2.0 1 7.8 ± 1.77 740.3

8.3 ± 0.42 357.3

4:1
2:1

2.0 2 6.3 ± 0.35 800

7.6 ± 0.21 325.1

4:1
2:1

2.0 4 7.4 ± 0.49 830

16.6 ± 0.24 292.9
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Table 4. According to the literature, CS has the ability to form
inter- and intramolecular crosslinking between the amino
groups and the phosphate groups. This effect leads to penetra-
tion of the drug molecule in chitosan network, activating hy-
droxyl sites and establishing physical–chemical electrostatic
interactions and hydrogen bonds in the new system.

In addition, the lower zeta potential with increasing TPP
amounts at chitosan concentration 1% and 2% might be
caused by an increased masking of free positively charged
amino groups of chitosan [39]. In all samples prepared in
Table 4, MET concentration did not have a significant effect
on zeta potential.

Statistical data analysis for LE, size model and zeta
potential

Residuals versus observation order

Fig 6a, b and c shows the residuals versus observation order
plot for dependent variables LE, size and potential, respective-
ly, to attest the hypothesis that the residuals are independent
from one another. From the figure, independent residuals
show no fixed trends when displayed in time order, thus, not
independent. This is because, the residuals on the plot fall
randomly around the center line.

Residuals versus fitted value

In general, the residuals figure versus fits plot was used to
verify the assumption that the residuals are randomly

distributed and have constant variance. At Fig. 7a, b and c,
all points fall randomly on both sides of 0, with no recogniz-
able patterns in the points, indicating randomly distribution
for LE, size and zeta potential.

Normal probability plot

The normal probability plot is a graphical method for evaluating
whether a data set is nearly normally distributed or not [41]. The
data are plotted against a theoretical normal distribution in such a
way that the points should form a near straight line. Departures
from this straight line indicate departures from normality. The
normal probability plot is a special case of the probability. We
cover the normal probability plot separately due to its importance
in many applications. The points at Fig. 8a, b and c for LE, size
and zeta potential have normal probability plot of 40 normal
random numbers form a nearly linear pattern, which indicates
that the normal distribution is a good model for this data set.

Contour plot and surface plot of LE and size against selected
independent variables

Contour plots are diagrammatic representation of the values of
the responses that help in explaining the relationship between
independent and dependent variables. Fig 9a-1 shows the con-
tour plot of LE against the CS andMET. The highest values of
LE are in the upper left corner of the plot, which corresponds
with high values of MET and low value of CS. Similarly, the
surface is maximum (Fig. 9a-2).
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Two-dimensional contour plots were established between
CS and TPP, CS and MET, and TPP and MET for size at
Fig. 10(a–c), respectively. The plots showed that size was
greatly dependent on CS and TPP concentrations (Fig. 10a-
1). When CS variables at their minimum levels and the TPP at
maximum level, size was found to be minimum, and the sur-
face is minimum (Fig. 10a-2). However, the contour of CS vs.

MET concentration (Fig. 10b-1) showed that both these vari-
ables were at their minimum levels, size was also found to be
minimum, and the surface is minimum (Fig. 10b-2). It was
concluded from the contours that high concentration of TPP
but low concentration ofMETand CS was required for lowest
size in preparation ofMET-CSNPs nanocomposites (Fig. 10c-
1), the surface is minimum (Fig. 10c-2).
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Optimization of LE and size formulations

According to our criteria for highest LE (81.8%), the op-
timized CS and MET concentrations under canonical anal-
ysis were selected at 0.5192 and 4 mg, respectively (Fig.
11a). In addition, the minimum size (149 nm) optimized
by using following concentrations; CS 0.5 mg, TPP
2.5 mg and MET 1 mg (Fig. 11b).

Poly dispersion index and CS-MET nanoparticles
aggregation

In the field of Polymeric Materials, poly dispersion index
(PDI) is defined as the average weight (Mw) divided by num-
ber average molecular weight (Mn) (eq. 3). Its indicates on the
average uniformity of a particle solution, where larger PDI
values relate to a larger size distribution in the particle sample.
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It also indicates nanoparticles aggregation for particle surface
modifications throughout the particle sample. A sample is
considered monodisperse when the PDI value is less than
0.1 [42]. PDI values between 0.05 and 0.7 indicate that the
sample has a broad particle size distribution [43].

PdI ¼ Mw

Mn

� �
ð3Þ

Contours plots which are graphic representation make
relationships between three numeric variables in two di-
mensions. Two variables are for X and Y axes, and a third
variable Z is for contour levels. The contour levels are plot-
ted as curves; the area between curves can be color-coded to
indicate interpolated values. Figure 12a-1 shows the con-
tour plot of PDI against the CS and TPP concentrations. The
highest values of PDI are in the higher right and lower left of
the plot, which correspond to high values of CS and TPP
(higher right) and low values of CS and TPP (higher right),
and the surface is maximum (Fig. 12a-2).

The Fig. 12b-1 showed that PDI was dependent on CS
and MET concentrations. The highest values of PDI are in
the lower right and higher left of the plot, which corre-
spond to high values of CS and low value of MET (lower
right) and low values of CS and high value of MET
(higher left), and the surface is maximum (Fig. 12b-2).

When TPP and MET variables are at their minimum
and maximum levels, the PDI shows highest values
(Fig. 12c-1), PDI was found to be maximum surface
(Fig. 12c-2).

Release study of MET from MET-CSNPs
nanocomposites

MET release from the nanocomposites seen in Fig. 13 can
occur in two parts: “burst release” and “extended release”.
The initial burst phase during the first hour is caused by
METadsorbed on the surface of the CSNPs, while the extend-
ed release of the METafter 1 h is caused by the slow diffusion
of MET from the polymer matrix [44, 45]. From Fig. 13, it
was very clear that about 15, 19, 15, 62% of the a, b, c and
d nanocomposites, respectively, were released after 1 h. The
final point release for samples a, b, c, and d detected are 62%,
92%, 98% and 100% at times 23, 24, 16, and 7 h, respectively.

Release kinetics of MET from the MET-CSNPs
nanocomposites

The data of the cumulative release of theMET from nanocom-
posites were fitted to five kinetic models which generally are
described as follows:

1. The linear form of first-order kinetic model as Eq. (4) [46]

ln qe−qtð Þ ¼ ln qe−k1t ð4Þ
in which qe and qt are the quantity released at equilibrium and
the quantity released at any time (t), respectively, and k1 is the
rate constant of the pseudo-first-order release kinetics.
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2. The linear form of second-order kinetic equation may be
represented in Eq. (5) [47]

t=qt ¼ 1=k2qe
2 þ t=qe ð5Þ

Where, k2 is the rate constant of the pseudo-second-order
release kinetics.

3. The Higuchi model describes the increased release of the
drug from the nanocomposites with increasing the square
root of time [48]

qt ¼ KH

ffiffi
t

p ð6Þ
in which kH is the Higuchi rate constant.

4. The Hixson-Crowell model gives the relationship be-
tween the cube root of the percentage of drug remaining
in the nanocomposites as a function of time [48]ffiffiffiffiffiffiffi

Mo
3
p

−
ffiffiffiffi
qt3

p ¼ Kt ð7Þ

in which Mo is the initial quantity of drug in the nanocompos-
ites and qt is the quantity released at time t.

5. The Korsmeyer-Peppas model gives the relationship be-
tween the log of percentage of drug released and the log of
time [48]
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qt
q∞

¼ Ktn ð8Þ

in which q∞ is the release at infinite time.
The MET release from nanocomposites was discussed

by first order kinetics, second order kinetics, Hixson-
Crowell model, and Korsmeyer-Peppas model. From
Table 5, it can be found that the A, B and D nanocom-
posites were fitted into second-order kinetics model with
R2 value 0.995, 0.996, 0.984, respectively; whereas, the C
nanocomposites were fitted into first-order kinetics model
with R2 0.969 value.

Conclusion

The present work established the use of multiple regression anal-
ysis as data analysis approach to understand the effect of various
formulation variables in the prediction of %LE and particle size
of MET-CSNPs nanocomposites. MET-CSNPs exhibited ex-
tended release and followed first and second release kinetics.
Therefore, by using these formulations, the oral delivery of met-
ronidazole drugs for the treatment of patients is now possible.
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