ASIAN JOURNAL OF PHARMACEUTICAL SCIENCES 13 (2018) 450-458

journal homepage: www.elsevier.com/locate/AJPS

prow— é;:\x\
ASIAN JOURNAL
OF PHARMACEUTICAL SCIENCES

Available online at www.sciencedirect.com

ScienceDirect

T

Original Research Paper

Design and characterization of clindamycin-loaded
nanofiber patches composed of polyvinyl alcohol | &ze
and tamarind seed gum and fabricated by
electrohydrodynamic atomization

Tanikan Sangnim?®, Sontaya Limmatvapirat®, Jurairat Nunthanid®<,
Pornsak Sriamornsak”‘, Wancheng Sittikijyothin,
Sumalee Wannachaiyasit®, Kampanart Huanbutta®*

aFaculty of Pharmaceutical Sciences, Burapha University, Chonburi 20131, Thailand
® Department of Pharmaceutical Technology, Faculty of Pharmacy, Silpakorn University, Nakhon Pathom 73000,

Thailand

¢Pharmaceutical Biopolymer Group (PBiG), Faculty of Pharmacy, Silpakorn University, Nakhon Pathom 73000,

Thailand

dDepartment of Chemical Engineering, Faculty of Engineering, Burapha University, Chonburi 20131, Thailand

ARTICLE INFO

ABSTRACT

Article history:

Received 28 October 2017
Accepted 9 January 2018
Available online 31 January 2018

Keywords:

Electrohydrodynamic atomization
(EHDA)

Polymeric nanofiber

Clindamycin

Wound dressing

In this study, we developed a polymeric nanofiber patch (PNP) for topical disease treat-
ment using electrohydrodynamic atomization (EHDA). The nanofibers were prepared us-
ing various concentrations of polyvinyl alcohol (PVA) and tamarind seed gum and loaded
with clindamycin HCI as a model drug. The precursor polymer solutions were sprayed us-
ing the EHDA technique; the EHDA processing parameters were optimized to obtain blank
and drug-loaded PNPs. The skin adherence, translucence, and ventilation properties of the
prepared PNPs indicated that they are appropriate for topical application. The conductiv-
ity of the polymer solution increased with increasing PVA and clindamycin concentrations,
and increasing the PVA concentration enhanced the solution viscosity. Based on scanning
electron microscopy analysis, the PVA concentration had a pronounced effect on the mor-
phology of the sprayed product. Nanofibers were fabricated successfully when the solution
PVA concentration was 10%, 13%, or 15% (w/v). The applied voltage significantly affected the
diameters of the prepared nanofibers, and the minimum nanofiber diameter was 163.86 nm.
Differential scanning calorimetry and X-ray diffraction analyses indicated that the model

* Corresponding author. Faculty of Pharmaceutical Sciences, Burapha University, Chonburi, 20131, Thailand. Tel.: +66 38 102610.
E-mail address: kampanart@go.buu.ac.th (K. Huanbutta).
Peer review under responsibility of Shenyang Pharmaceutical University.

https://doi.org/10.1016/j.ajps.2018.01.002

1818-0876/© 2018 Shenyang Pharmaceutical University. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ajps.2018.01.002
http://www.sciencedirect.com/science/journal/18180876
http://www.elsevier.com/locate/AJPS
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajps.2018.01.002&domain=pdf
mailto:kampanart@go.buu.ac.th
https://doi.org/10.1016/j.ajps.2018.01.002
http://creativecommons.org/licenses/by-nc-nd/4.0/

ASIAN JOURNAL OF PHARMACEUTICAL SCIENCES 13 (2018) 450-458 451

drug was dispersed in PVA in an amorphous form. The PNP prepared with a PVA:gum ratio
of 9:1 absorbed water better than the PVA-only PNP and the PNP with a PVA:gum ratio of
9.5:0.5. Moreover, the PNPs loaded with clindamycin at concentrations of 1%-3% prohibited
the growth of Staphylococcus aureus more effectively than clindamycin gel, a commercially

available product.

© 2018 Shenyang Pharmaceutical University. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Acne vulgaris is a chronic inflammatory disease of the pilose-
baceous unit that results in the formation of comedones, in-
flammatory papules, pustules, nodules, cysts, and scars. Acne
vulgaris primarily manifests in the face and trunk and most
commonly presents during puberty [1]. This skin disease rep-
resents a significant health burden in the United States, with
40-50 million general practice consultations for acne [2]. Sev-
eral types of topical treatments have been developed for acne
vulgaris, including solutions, gels, creams, and hydrogels [3,4].
However, each of these dosage forms has limitations. For ex-
ample, topical solutions do not remain at the site of appli-
cation for sufficient time periods, and the treatment solution
can be lost or contaminated during use. Hydrogels leave a vis-
ible polymer stain on the face after drying, while cream and
hydrogel films impede skin ventilation, affecting the healing
process [5].

Based on these drawbacks of conventional topical formu-
lations, several alternative treatment modalities have been
developed, including polymeric micellar nanocarriers [6] and
solid lipid nanoparticles [7,8]. Among the various new ap-
proaches, polymeric nanofiber patches (PNPs) have evolved as
an alternative remedy for acne vulgaris because of their nu-
merous advantages, such as high ratio of surface area to vol-
ume, skin concealment, high porosity, fine pores, and aspect
ratio. These properties make non-woven mats composed of
nanofiber patches excellent candidates for various applica-
tions, including the treatment of acne, wound dressing, and
drug delivery.

Electrohydrodynamic atomization (EHDA), in which an ex-
ternal electric field is imposed on a polymer solution or melt,
is a promising technique for producing continuous polymer
fibers with nanoscale diameters [9,10]. In theory, during EHDA,
a liquid breaks up into droplets under the drive of an elec-
tric field. Various modes of EHDA have been reported; in this
study, the stable cone-jet method is of specific interest [11]. In
this mode, a liquid flowing through a nozzle is maintained at
high potential and subjected to an electric field (Fig. 1), leading
to the elongation of the meniscus and the formation of a jet.
Subsequently, the jet deforms and breaks up into fine droplets.
The small jet diameter allows rapid solvent evaporation, caus-
ing the particles to be deposited on the collector. Various pro-
cess parameters (i.e., applied voltage, feed rate, distance be-
tween the nozzle and collector, drum collector rolling rate, and
charge and viscosity of the sprayed solution) significantly af-
fect the characteristics of products produced using EHDA [11].

High voltage power supply
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Fig.1 - Schematic diagram of nanofiber fabrication using
EHDA.

For drug-delivery systems, the principal advantages of EHDA
are that it provides (i) the opportunity for heat-sensitive drug
loading, (ii) a relatively rapid and simple way to combine sev-
eral materials into nanoparticles, and (iii) controllable opera-
tion factors.

In this study, polyvinyl alcohol (PVA), a water-soluble syn-
thetic polymer, and carboxymethylated gum prepared from
tamarind (Tamarindus indica) seed were utilized to fabricate
PNPs because of their low toxicity, biodegradability, bioadhe-
sive nature, and biocompatibility [12,13]. Clindamycin, an ef-
fective antibacterial agent that is commonly used to treat acne
vulgaris, was selected as the model drug [4].

The objective of this paper is to fabricate and character-
ize clindamycin-loaded PVA/gum nanofiber acne patches us-
ing EHDA. The effects of EHDA parameters (applied voltage,
injection distance, feed rate, and drum collector rolling rate)
on the physiochemical properties of the products were care-
fully examined. Finally, the antimicrobial activity of the drug-
loaded PVA/gum PNP was evaluated and compared to that of
a commercially available acne treatment.

2. Materials and methods
2.1. Materials

PVA (batch number 02628LD) was purchased from Sigma-
Aldrich. Clindamycin hydrochloride (lot number 27058) was a
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gift from Bangkok Lab & Cosmetic Co., Ltd., Thailand. Crude
gums were obtained from T. indica (gum) seeds collected in
Uthai Thani province in Thailand. Clindamycin gel (Clindalin
gel®; batch number 106110) was purchased from Union Drug
Laboratories, Ltd. All other chemicals were of reagent grade
and used without further purification.

2.2. Carboxymethylated gum preparation

Carboxymethylated gum was prepared using the method pre-
sented in our previous paper [14] with some modification. The
reaction was conducted at 70°C for 1h with ethanol as the
solvent. Different molar ratios of sodium hydroxide (NaOH) to
monochloroacetic acid (CICH,COOH) were used. The amount
of crude gum from the seed of T. indica was 0.56 mol in all
cases. The reaction product was precipitated and washed with
ethanol to remove ionic salts. The carboxymethylated gum
was removed by filtration and washed with 80% ethanol. Fi-
nally, the washed product was dried at 40°C for 4h. The de-
grees of substitution of the carboxymethylated gums were de-
termined as follows [15]:

Wy = CNaorVNaoH — CralVaal _and (1)
m
162W,4
DS= ——— — 2
58(100 — Wa)’ @)

where W, is the mass fraction of the acetyl groups; Cnqon and
Cycr are the molar concentrations of the standard NaOH and
HCI solutions, respectively; Vyqoy and Vi are the volumes of
the standard NaOH and HCI solutions, respectively; m is the
weight of the sample; and 58 and 162 are the molar masses
(g/mol) of the acetyl group and anhydroglucose unit, respec-
tively.

2.3.  Characterization of the polymer solution

The prepared polymer (PVA and/or gum) solutions were char-
acterized to evaluate the effects of the polymer solution prop-
erties on the resultant nanoparticles. The conductivity of each
solution was measured using a conductivity meter (model
ECtestrll +, Eutech Instruments Pte Ltd., Singapore), and the
viscosity was evaluated using a viscometer (model DV-III Ul-
tra, Brookfield, USA). The surface tension was measured with a
surface tensiometer (k20s Easydyne, Kriiss, Germany). All ex-
periments were performed in triplicate.

2.4. PNP preparation

To prepare blank PNPs, various amounts of PVA, gum, and
clindamycin were dissolved in 100 ml purified water (Table 1).
Each polymer solution was then sprayed using an EHDA in-
strument (Bangkok Cryptography, Thailand). The processing
parameters (applied voltage, injection distance, feed rate, and
drum collector rolling rate) were carefully adjusted to obtain
blank and drug-loaded PNPs. All products were stored in a des-
iccator for further investigation.

Table 1 - PNP formulations.

Formulation PVA (g) Gum (g) Clindamycin (g)
1 3 = =

2 5 - -

3 10 - -
4.1 9.5 0.5 -
4.2 9.5 0.5

4.3 9.5 0.5 1.5
45 9.5 0.5 2
4.5 9.5 0.5 2.5
5.1 9 1 -
5.2 9 1 1
5.3 9 1 1.5
5.4 9 1 2
5.5 9 1 2.5
6 8 2 -

7 6 4 =
8 6.66 3.33 -

9 5 5 -

2.5. PNP appearance and morphology

The physical appearances of the PNPs were observed using
a digital camera, while the surface morphologies were eval-
uated by scanning electron microscopy (SEM; model Maxim
2000S, CamScan Analytical, UK). The samples for SEM anal-
yses were pasted on stubs and sputter-coated with gold to
increase their conductance. Fiber diameter was analyzed by
] MicroVision software (version 1.2.7).

2.6.  Fourier transform infrared (FTIR) spectroscopy

To investigate the effects of the EHDA processing parame-
ters on the drug-polymer interactions, PVA, gum, clindamycin,
their physical mixtures, and the clindamycin-loaded PNP with
a PVA:gum:clindamycin ratio of 9:1:1 were pulverized and
blended with KBr and then compressed. The pellets were then
analyzed using an FTIR spectrophotometer (model Magna-IR
system 750, Nicolet Biomedical Inc., USA).

2.7.  Powder X-ray diffraction

The powder X-ray diffraction patterns of the starting
materials, their physical mixtures, and the PNP with a
PVA:gum:clindamycin ratio of 9:1:1 were obtained using a
powder X-ray diffractometer (model D8, Bruker, Germany)
under the following conditions: graphite monochromatized
Cu Ko radiation, voltage =45KkV, electric current=40maA, slit:
DS1°, SS1° RS 0.15nm, and scanning ratio 20 = 5°/min.

2.8.  Differential scanning calorimetry (DSC)

The DSC thermograms of the starting materials, their physi-
cal mixtures, and the PNP with a PVA:gum:clindamycin ratio
of 9:1:1 were measured using a differential scanning calorime-
ter (model Sapphire, Perkin Elmer, USA) with indium as a
standard. Each sample (2-3 mg) was weighed into a solid alu-
minum pan. The temperature was increased from 20°C to
300°C at 10 °C/min under nitrogen.
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2.9.  Liquid absorption

The liquid-absorbing abilities of the samples were studied in
distilled water at 25°C+2°C by placing a sample of known
weight in water for 30 sec. Subsequently, the excess water was
gently removed with tissue paper, and the wet sample was
weighed. The percentage of liquid absorption was determined
as:

Ws — W,

liquid absorption (%) = W
d

x 100, 3)
where W; and W; are the weights of the dry and wet samples,
respectively.

2.10. Antimicrobial studies

A disk-diffusion method was used to assay drug-loaded PNPs
for bactericidal activity against test strains on Miiller-Hinton
agar (MHA) plates. To prepare the MHA plates, 0.1 ml of Staphy-
lococcus aureus or Propionibacterium acnes was transferred into
10 mL Trypticase soy broth and then inoculated at 37°C for
18-24h (medium1). The prepared solution (mediuml) was
pipetted into 0.9% sterile normal saline solution in which the
amount of organism suspension was equivalent to 0.5 McFar-
land (medium 2). Sterile cotton was dipped into medium 2 and
swabbed onto the MHA plates. To determine the antibacterial
efficiency of the PNP formulation, a standard paper disk was
also impregnated with 10 ul of 0.1% clindamycin solution. The
freshly prepared PNP with a final content of approximately
10 pg/patch and the paper disk containing dispersed commer-
cial clindamycin gel (10 pg/disk) were evaluated for antimicro-
bial activity. The erythromycin disk and a blank disk were used
as the positive and negative controls, respectively. The zone of
strain inhibition was recorded after 16-18 h of incubation at
35°C. Each test was conducted five times.

2.11.  Statistical analysis

Analysis of variance (ANOVA) and Levene’s test for homogene-
ity of variance were performed using SPSS version 10.0 for
Windows (SPSS Inc., USA). The multiple comparisons were
subjected to post hoc testing (P < 0.05) using either the Scheffé
or Games-Howell test (for when Levene’s test was insignifi-
cant or significant, respectively).

3. Results and discussion
3.1. Characterization of the polymer solution

Before the EHDA process, the polymer solutions were charac-
terized to evaluate the effects of solution properties on the ap-
pearance of the products. As illustrated in Fig. 2, the viscosity
of the spraying solution depended strongly on PVA concen-
tration; viscosity increased dramatically with increasing PVA
concentration.

The conductivity and surface tension of each polymer solu-
tion are shown in Table 2. The solution conductivity increased
with increasing PVA concentration from 13% to 15%. However,
the surface tension was not affected by PVA concentration,

900 4500
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Fig.2 - Conductivity and viscosity of the EHDA spraying
solution as functions of PVA concentration.

which agrees with our previous finding that surface tension
depends on the solvent type rather than the PVA concentra-
tion [16]. Tamarind seed gum is an ionized polymer in aque-
ous solution and has the ability to alter solution properties; in
this study, the addition of gum increased both the conductiv-
ity and surface tension. Finally, the solution conductivity in-
creased significantly with increasing clindamycin content be-
cause the hydrochloride form of clindamycin was protonated
in the aqueous solution, resulting in higher conductivity [17].

3.2 Physical appearance and morphology

Images of the PNP with a PVA:gum ratio of 9:1 and loaded with
1% clindamycin HCI are shown in Fig. 3 . The prepared thin
film-like PNP, which was white in appearance (Fig. 3A), could
be closely attached to the skin (Fig. 3B) and became transpar-
ent when the skin was moist (Fig. 3C).

SEM images of the PVA nanofibers prepared from different
polymer solutions are shown in Fig. 4 . The fibers prepared
from solutions containing 3% and 5% PVA were disconnected
and contained beads (Fig. 4A and B). Continuous fibers with-
out beads were obtained when the PVA concentration was
between 10% and 15% (Fig. 4C-E). The average diameters of
the fibers fabricated from solutions containing 10%, 12%, and
15% PVA were 216.67 nm =+ 26.85%, 244.66 nm +20.43%, and
260.39nm +14.25%, respectively. Thus, with increasing PVA
concentration, the fiber diameter increased slightly, whereas
the relative standard deviation decreased. This phenomenon
can be explained by the whipping model, which indicates that
the diameter depends on the flow rate, electric current, and
surface tension [18,19]:

he = c(1/Q) "3y 13, (4)

where c is a constant, h ; is the dimensionless conductivity of
the fluid, I is the electric current, Q is the constant volume flow
rate, and y is the surface tension.

SEM images of the PNPs fabricated at different applied
voltages are shown in Fig. 5 . The average diameters of the
fibers formed at applied voltages of 5, 10, 15, 20, and 25 kV were
260.02nm +22.62%, 233.73nm +19.01%, 172.89nm + 26.34%,
163.86 nm +26.93%, and 186.65nm=+23.50%, respectively.
Thus, the fiber diameter decreased as applied voltage in-
creased from 5 to 20kV; however, further increase in the
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Table 2 - Conductivity, viscosity, and surface tension of the PVA solutions and diameter of the corresponding nanofiber.

Diameter of the

PNP formulation Properties of the spraying formulation

- - — - prepared
PVA conc. Gum Clindamycin Conductivity Surface tension nanofiber (nm)
(Y%ow/w) (%w/w) (Y%ow/w) (ps/cm) (mN/m)
3 - - 264.00 £+ 1.00 45.454+0.35 NA
5 = - 406.67 + 0.58 44.68+0.42 NA
10 - - 679.33 £ 2.52 45.234+0.26 216.67 +£26.85%*
13 - - 782.67 £ 3.51 46.73+0.89 244.66 +20.43%"
15 - - 645.00 + 18.03 46.28+0.60 260.39 + 14.25%*
10 2.5 - 1139 £ 6.24 46.17+0.29
10 5.0 - 1399 + 9.17 50.63+1.15
10 7.5 - 1619 + 27.74 53.47 £0.64
5 - 1 554.00 + 1.73 42.18+0.19 NA
5 - 1.5 591.67 £ 0.58 42.66+1.52 NA
5 - 2 592.33 + 1.53 43.08+0.44 NA
5 - 2.5 628.33 £ 4.51 42.944+0.44 NA
10 - 1 849.67 + 7.09 45.00+1.22 277.80 4 27.05%"
10 - 1.5 934.67 + 3.51 45.724+0.59 263.24 4+ 20.84%"
10 - 2 981.00 £+ 2.65 45.78+0.48 234.73+20.84%"
10 - 2.5 1047.67 £+ 2.52 46.124+0.49 202.65 + 26.45%"

NA: Diameter could not be measured because the product was not in the shape of a fiber.
@ Applied voltage was 15kV.
b Applied voltage was 20kV.

Fig.3 - Physical appearance of the PNP with a PVA:gum ratio of 9:1 and loaded with 1% clindamycin HCI: (A) after

preparation and when placed on (B) dry skin and (C) moist skin.
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Fig.4 - SEM images of the nanofibers prepared from solutions containing (A) 3%, (B) 5%, (C) 10%, (D) 13%, and (E) 15% (w/w)
PVA (applied voltage is 15 kV; injection distance is 20 cm).
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Fig.5 - SEM images of the nanofibers prepared from polymer solutions containing 10% (w/w) PVA under applied voltages of
(A) 5, (B) 10, (C) 15, (D) 20, and (E) 25 kV.
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Fig. 6 - SEM images of nanofibers prepared from a polymer solution containing 5% (w/w) PVA and loaded with (A) 1%, (B)
1.5%, (C) 2.0%, and (D) 2.5% (w/w) clindamycin (applied voltage is 20 kV).

applied voltage to 25kV increased the fiber diameter and
resulted in bead formation. These results agree with the
whipping model represented by Eq. (4), which indicates that
a high electric current results in small fibers [18,19]. At an
applied voltage of 5kV, the nanofibers were flat and tended
to fuse together (Fig. 5A). When the PVA concentration in
the spraying solution was 10%, the feed rate did not af-
fect the nanofiber appearance (data not shown); however,
at 3% PVA, nanofibers were not obtained at feed rates of
0.5ml/h and greater. The nanofiber products obtained at
needle-collector distances ranging from 10 to 25cm were
similar.

Figs. 6 and 7 show SEM images of clindamycin-loaded
nanofibers formed from solutions containing 5% and 10%
PVA. For the drug-loaded nanofibers, the 5%-PVA formula-
tion resulted in thick fibers with diameter 200-800 nm and
comprising beads. For the PVA concentration of 10%, the diam-
eters of the nanofibers loaded with 1.0%, 1.5%, 2.0%, and 2.5%
clindamycin were 277.80nm +27.05%, 263.24nm =+ 20.84%,
234.73nm +20.84%, and 202.65nm=+26.45%, respectively.
Thus, increase in the clindamycin content decreased the fiber
diameter and inhibited bead formation. These results agree
with the result of the three-dimensional equation describing
the dynamics of electrospun jets that is suggested by Reneker
et al. [20]:
p% :rg +A|k|Pn+A|k|(naa—qel)n—ke%k, (5)
where A is the geometric stretching ratio, f is the cross-
sectional area, the subscript zero denotes time t=0, p is the
liquid density, V is the velocity vector, P is the longitudinal
force in the jet cross section (of viscoelastic origin), U0/h is the
strength of the outer electric field, o is the surface tension, k
is the local curvature of the jet axis, e is the charge per unit
jet length, gel is the net Coulomb force acting on a jet element
from all the other elements depending on e, and the current
overall configuration of the jet is the flux describing mass loss
due to solvent evaporation from the jet surface. Based on Eq.
(5), the cross-sectional area f is inversely related to the lig-
uid density p. Consequently, increasing the concentration of
loaded drug decreases the fiber diameter. In this study, the
diameters of the drug-loaded fibers prepared from 10% PVA
solution ranged from 200 to 300 nm (Fig. 6). Clindamycin crys-
tals were not found in any of the formulations, indicating that
the active drug was entrapped and dispersed in the polymer
fibers.

3.3. FTIR spectroscopy

The FTIR spectra of the starting materials (PVA, gum, and clin-
damycin), their physical mixture, and a clindamycin-loaded
PNP are illustrated in Fig. 8 . The FTIR spectrum of clindamycin
HCI showed characteristic peaks at 1695cm™~! (C =0 stretch-
ing), 1090 and 1210cm~! (C-O stretching), 1561cm~! (C=C
stretching), and 2940 cm~?! (C-H stretching) [21,22]. In the spec-
trum of PVA, the large bands observed at 3400 cm~? are linked
to O-H stretching. The vibrational band observed between
2840 and 3000cm~! corresponds to C-H stretching in alkyl
groups, while the peaks between 1695 and 1745cm™! are at-
tributed to C= 0 and C-O stretching in acetate groups [23]. The
FTIR spectrum of gum showed characteristic absorption bands
associated with —OH stretching vibration at 3500-3200 cm ™!
and -CH stretching and bending vibrations at 2950-2800 cm~!
and around 1410 cm™1, respectively. The absorption band ap-
pearing around 1600cm™! corresponds to the OH bonds of
water molecules [24-26]. Peaks were observed at 1745, 1695,
1260, and 1090 cm ™! in the spectrum of the physical mixture
(PM), similar to the peaks found in the spectrum of the start-
ing materials. Comparing PM with PNP, the peaks around 2940
and 1100cm~! in the spectrum of PNP were broader. Most of
the peaks in the PNP spectrum were quite similar to those in
the PVA spectrum. However, the PNP spectrum also contained
peaks corresponding to clindamycin at 1090 and 1255cm™1,
indicating that the active drug was incorporated into the PNP
without changing the chemical structure. Comparing to the
starting material, the broader clindamycin peaks in PNP indi-
cate that the drug might have converted into an amorphous
form [27].

3.4.  Powder X-ray diffraction

Fig. 9 shows the diffraction patterns of the starting materials
(clindamycin HCl, gum, and PVA), their physical mixture, and
a clindamycin-loaded PNP. The diffraction patterns of gum
and PVA exhibited typical halo patterns indicating amorphous
structures, whereas the pattern of clindamycin HCI revealed
sharp crystalline peaks at6.7°,13.5°,17.1°,and 37.9° [28]. These
data suggested that clindamycin HCl was in a crystalline state,
which explains the sharp endothermic melting peak in the
DSC thermogram at 140°C (Fig. 10). The diffraction pattern
of the physical mixture demonstrated sharp peaks in loca-
tions similar to those in the pattern of the pure drug; however,
these sharp peaks were not found in the pattern of the PNP,
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Fig.7 - SEM images of nanofibers prepared from a polymer solution containing 10% (w/w) PVA and loaded with (A) 1%, (B)
1.5%, (C) 2.0%, and (D) 2.5% (w/w) clindamycin (applied voltage is 20 kV).
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Fig.8 - FTIR spectra of PVA, gum, clindamycin HCI, their
physical mixture (PM), and the PNP loaded with 1%
clindamycin HCl (PVA:gum = 9:1).
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Fig.9 - Powder X-ray diffraction patterns of clindamycin
HCI, gum, PVA, their physical mixture (PM), and a PNP
loaded with 1% clindamycin hydrochloride (PVA:gum = 9:1).

indicating that clindamycin HCl was molecularly dispersed in
the polymers [27].

3.5.  Differential scanning calorimetry

The DSC thermograms of clindamycin, PVA, gum, their phys-
ical mixture, and a PNP loaded with clindamycin are shown

PNP

PM
Gum
| PVA
M
50 100 150 200 250

Temperature (°C)

Exothennic

Fig.10 - DSC thermograms of clindamycin HCl, gum, PVA,
their physical mixture (PM), and a PNP loaded with 1%
clindamycin HCl (PVA:gum = 9:1).
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Fig. 11 - Water absorption percentages of the PNPs prepared
from solutions with different PVA:gum ratios.

in Fig. 10. The thermogram of gum showed a broad endother-
mic peak at approximately 210°C and a sharp degradation
exothermic peak at 284 °C [14]. The DSC thermogram of clin-
damycin HCl showed a characteristic endothermic peak at
140 °C, which corresponds to the melting point of clindamycin
HC1[29]. The thermogram of the PM exhibited broad endother-
mic peaks similar to those found in the thermogram of the
PNP, possibly because the PM and PNP contained much larger
amounts of polymer than clindamycin HCl. Therefore, the
broad peak of the amorphous polymer in the PM and PNP cov-
ered the characteristic peak of clindamycin HCl.
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Fig. 12 - Average zones of S. aureus inhibition for PNPs without loaded drug, clindamycin (CM)-loaded PNPs,

positive/negative controls, and clindamycin gel.

3.6.  Liquid absorption

Fig. 11 shows the percentages of water absorption on films
prepared from solutions with different PVA:gum ratios. The
water-absorption percentages ranged from 0.012% to 0.05%,
with the highest percentage obtained at a PVA:gum ratio of
9:1. This might be because adding an appropriate amount of
the carboxymethylated gum can enhance the swelling of the
PNP [30].

3.7. Antimicrobial studies

The antibacterial activities of PNPs loaded with clindamycin
HCl were evaluated against S. aureus using disk-diffusion tests
(Fig. 12 ). The PNP without loaded drug did not exhibit any
bactericidal activity; in contrast, the PNPs loaded with 1.0%-
2.5% clindamycin HCI showed excellent bactericidal activity
(Fig. 10), with the antibacterial activity being slightly depen-
dent on clindamycin content. The antibacterial activities of
the drug-loaded PNPs were significantly greater than that of
1% clindamycin gel. These results agree with the report of Un-
nithan et al., who concluded that interconnected nanofibers
create perfect blocks and pores in the membrane, thereby pre-
venting bacterial penetration and effectively avoiding exoge-
nous infections [31]. The results indicate that the fabricated
PNPs are good antibacterial membranes and can be applied
as wound dressings.

4, Conclusion

In this study, EHDA was applied to fabricate PNPs loaded with
clindamycin. The effects of the characteristics of the spraying
solution and the instrument parameters on the EHDA prod-
ucts were examined. Round nanofibers with smooth surfaces
and an average diameter of 163.86 nm were obtained from a

precursor solution of 10% PVA (w/w) in methanol under an
applied voltage of 20kV. The addition of tamarind seed gum
at a PVA:gum ratio of 9:1 enhanced fluid absorption on the
PNP. Finally, clindamycin was successfully loaded in the PNPs,
and the drug-loaded PNPs exhibited good antibacterial activ-
ity. The findings indicate that the new drug-loaded PNPs fab-
ricated via EHDA have the potential to be applied as wound-
dressing materials.
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