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ABSTRACT

Preparation of ethyl cellulose fibers by electrospining and assessment

of antimicrobial activity of the nanofibers containing antibiotic

Pham Thi Kieu Oanh
Advisor: Prof. In Hwa Lee, Ph. D.
Department of Bio New Drug development,

Graduate School of Chosun University

Electrospinning method was used to produce narsfifrem ethyl cellulose solution
having concentration of 150 g/l, using a binaryvent system of THF (tetrahydrofuran):
DMACc (N, N dimethylacetamide) of various volumeioat The influence of the composition
of the binary solvent system on the surface moganobf ethyl cellulose nanofiber with or

without adhered antibiotics was investigated uSad\/.

To assess the effectiveness for releasing drug frenmanofibers and their antibacterial
activities onS aureus; ampicillin, penicillin and streptomycin were sekdtas antibiotics.

Agar disc diffusion and optical density test wepplaed for the assessment.

The results showed that the addition of DMAc in thieary solvent system led to
decrease the fiber diameter. The morphologieshefdi having antibiotic were smoother and of
smaller diameter than those of the antibiotic-flieers. Tubercles were formed on the fiber

surface at THF to DMAc volume ratio of 3 to 2. Aig solvent concentration, the antibiotic
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release from ethyl cellulose fibers was at the .b€ke antibacterial effective time of the
antibiotics loaded in nanofibers was longer that tf the bulk antibiotics against bacteria in
the case of streptomycin. On the other hand, thibaterial activities of ampicillin and
penicillin loaded in the fibers were not signifit@s compared to the effect of bulk antibiotics.
However, at low concentrations of ampicillin andnigdlin, the antibacterial effect o%.

aureus was considerably higher than streptomycin loaddtie fibers.
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[. Introduction
1. Nanotechnology

Nanotechnology, engineering of functional systems at the molecsdate, is the design,
characterization, production and application ofictires, devices and systems by controlling
shape and size at the nano-scale. The term broaf@lss to such fields as biology, physics or
chemistry, any scientific field, or a combinatidreteof, which deals with the deliberate and

controlled manufacturing of nanostructures.

Electrospinning is a process by which a polymer solution is changeldigh voltage to
produce submicron scaled fibers [1]. At a voltagiicient to overcome surface tension forces,
fine jet is stretched and elongated before it readhe target. It dries and is collected as an

interconnected web of small fibers with typicalrditer of several hundreds of nanometers.

N

Polymer ;%gxi(

— Pipette R 7%;3\

Syringe

Syringe Taylor cont

pump
High voltage supply
Grounded Collector

Fig. 1. Schematic of the electrospinning set up.

The advantages of the electrospinning processtaredhnical simplicity and its easy
adaptability. The apparatus used for electrospmeionsists of a high voltage electric source

with positive and negative polarity, a syringe pumith capillary to carry the solution from
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the syringe to the spinneret, and a conductingectdt like-aluminum coated foil paper which
can be made of any shape like-a flat plate, rajadium, etc. depending on the requirements.

A schematic of the electrospinning process is shiomfig. 1.

The basic phenomenon of electrospinning is relgtisenple to realize in practice. It
suffices to apply a high voltage to a capillaryefil with polymer fluid by means of an
electrode, and then to collect the resulting fibemsa grounded plate. Feed of the polymer
fluid to the tip of the capillary results in therfeation of a droplet at the capillary tip whose
size and shape are dictated by surface tensiorgevitational forces. The application of a
high voltage to the capillary produces a surfacargd on the droplet which offsets the forces
of surface tension. This results in elongationhw drop, formation of a Taylor cone and, at
sufficiently high voltage, ejection of a continuogeam (“jet”) from the tip of the cone.
During the ejection, the jet travels toward thelamibr, and the solvent evaporates. Both
electrostatic and fluid dynamic instabilities camtibute to the basic operation of the process.
With low molecular weight liquids, the fluid typilta breaks up into small charged droplets.
With polymeric fluids, viscoelastic forces stabdlithe jet and permit the formation of small

diameter, charged filaments.

Electrospinning is the unique process in that ialite to produce polymer fibers with
diameters ranging over orders of magnitude, from thicrometer range typical of

conventional fibers, down to the nanometer range.

Nanofibers are solid state linear nanomaterial characterizefldxibility and an aspect
ratio greater than 1000:1. Materials in fiber foare of great practical and fundamental
importance. The combination of high specific suefacea, flexibility and superior directional
strength makes fiber a preferred material formnfiany applications ranging from clothing to
reinforcements for aerospace structures. Fibrousenmads in nanometer scale are the

fundamental building blocks of living systems.

In recent times, nanofibers have attracted thentaie of researchers due to their

_16_



pronounced micro and nano structural charactesigiat enable the development of advanced

materials that have sophisticated applications.

Application of Nanotechnology

Polymers with attractive chemical, mechanical, aeldctrical properties like-high
conductivity, high chemical resistance, and higisile strength have been spun into ultra fine
fibers by the electrospinning process, and thepliestion potential in areas like-tissue
engineering, catalysis, filtration, nanocompositesnofibrous structures, drug delivery
systems, protective textiles, and storage cell$hjairogen fuel cells, etc have been examined

[2-5]. In the following, some examples for applioas of nanofiber are given.
Medicine

In a recent report [6], business opportunities fmanostructured materials in
biotechnology and medicine were estimated to btheforder of 180 billion US$ in 2015.
Particular examples which were highlighted weregdrliease systems, nanofibers for wound
healing obtained by electrospinning as well as stnotured materials for tissue engineering,
where bone tissue engineering was one importamcaspnother aspect is the inclusion of
drugs or other functional materials in medicine g@hérmacy into polymer nanofibers and
polymer nanotubes [7]. The nanoobjects then seotd bBs drug carrier and drug release
systems. It is the particular shape and size of nheoobjects as well as their internal
architecture which control where the nanoobjectbattach in the body and in which manner

the release will take place.
Carbon and graphitic nanofibers

Carbon nanofibers are finding enormous applicationsnconventional energy sources
and storage cells due to their enhanced conductwit high aspect ratio. Their mechanical
properties enable them to be used as fillers inpomites that fine applications in synthetic and

rubber industries [8]. Carbon nanofiber reinforaeinposites offer increased stiffness, high
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strength and low electrical resistivity. Also, alegl nanofiber composites provide enhanced

mechanical properties than the randomly aligneafilaer composite structure [9].
Catalytic nanofibers

Chemical reactions employing enzyme catalystsrapmitant in chemical processes due
to their high selectivity and mild reaction condits [10]. Immobilized enzymes are used
largely due to easiness of catalyst separationyre@azstability, and their availability for
continuous operations. Nanomaterials are of receatest as catalyst substrates because of
their large surface area per unit mass and thébfktysfor high catalyst loading [10]. Fibrous
catalysts offer advantages, such as feasibilitgda#fpting to any geometry and low resistance
to the flow of liquids and gases [11]. Carbon n&yefsupports loaded with iron particles have
shown high conversion of hydrocarbons in comparisith active carbon and alumina [12]. It
has been shown that the intrinsic catalyst effeanore pronounced when loaded in smaller

diameter fibers such as nanofibers [12], etc.
Filtration

Polymeric nanofibers have been used in air filratpplications for more than a decade
[11]. Due to poor mechanical properties of thin om&ebs, they were laid over a substrate
suitable enough to be made into a filtration medilihe small fiber diameters cause slip flows
at fiber surfaces, causing an increase in thedapdion and inertial impaction efficiencies of
these composite filter media [12]. The essenti@pprties of protective clothing are high
moisture vapor transport, increased fabric brediilitya and enhanced toxic chemical
resistance, electrospun nanofiber membranes. Thklyhiporous electrospun membrane
surfaces help in moisture vapor transmission. Masgarchers have studied the possibility
thin nanofiber layers over the conventionally usedwoven filtration media for protective
clothing [13]. Nanofibers also find applications agrospace and semiconductor industries.
Piezoelectric polymers were electrospun and ingat#d for applicability as a component on

the wings of micro-air vehicles [14].
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As is evident from the aforementioned brief diseusson the applications of

nanomaterials, the potential of nanostructured rizggsen advanced applications is unlimited.

2. Cellulose

Cellulose is a chief constituent of the cell wad$ plants. Chemically, it is a
carbohydrate that is a high molecular weight palgbaride. Raw cotton is composed of 91%
pure cellulose; other important natural sourcedlare hemp, jute, straw, and wood. Insoluble

in water and other ordinary solvents, it exhibitsrked properties of absorption [15].

Cellulose is the most abundant naturally occurdrganic substance, being found as the
principal component of cell walls in higher plamikere it provides the main structural feature.

Cellulose is an excellent fiber. Wood, cotton, aechp rope are all made of fibrous cellulose.

Cellulose fiber is useful in widely applicationgich as filtration, biomedicine, clothing
and textile and the film prepared from cellulose baite good permeability, it has been widely
used industrial air filter. There are few reseascteported on the fiber, the properties of good
thermostability and electricity is discovered. Hitgllulose was used in this study because it was
selected as a model encapsulation material. Itwatar insoluble polymer, and widely used in
pharmaceutics as a wall material for sustainediselenicrocapsule [16]. This is due to its high

safety, good stability, easy fabrication and cheapn

OH
OR o
D [:]H _R
RO OR 0
R
OR In
F=Har Et

Fig. 2. Molecular structure of ethyl cellulose.
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3. Antibiotics

Antibiotics are low molecular weight metabolitesathinhibit the growth of other
microorganism at low concentrations [17]. Antibostiare drugs derived wholly or partially
from certain microorganisms and are used to treatebial or fungal infections. They are
ineffective against viruses. Antibiotics either | kinicroorganisms or stop them from

reproducing, allowing the body's natural defenseditninate them [18].

In this study, antimicrobial activity of antibioficas streptomycin, ampicilin and
penicillin were tested and the activities of thdil@atics loaded in nannofibers made by

electrospinning were also studied Sraureus.

Ampicillin and penicillin are beta-lactam antibicgi They are bactericidal, and act by

inhibiting the synthesis of the peptidoglycan lagEbacterial walls.

W = N 3
pre T2
o) m O );N" "//
O B O z
g/ oH o/ TOH
@) (b)

Fig. 3. Chemical structures of ampicillin (a) arehjzillin (b).
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Streptomycin belongs to aminoglycosides grougtaps bacterial growth by damaging

cell membranes and inhibiting protein synthesis.

NH
NH NHCNH,

CHO *3H,S0,
HyC Fig. 4. Chemical structure of streptomycin.

The study was designed to demonstrate the incdiporand controlled—release of the
antibiotic drugs from electrospun fibrous scaffolds well as its ability to inhibit bacterial
growth. To control the drug release profile, ettsllulose (EC) in tetrahydrofuran (THF) and N,
N dimethylacetamide (DMACc) solvent system was useehcapsulate the hydrophilic drugs. EC
was selected as a model encapsulation materigk B@ater insoluble polymer and widely used
in pharmaceutics as a wall material for sustairelse microcapsules. This is due to its high
safety, good stability and easy fabrication. Irs teiudy, the nanofibers were formed by EC
dissolving in the solvent of THF/ DMACc with theiakious ratios. The viability and bioactivity of
the released drugs was examined using in @taureus inhibition tests. Disc diffusion method

was also employed as assessment method in speapaliies of the antibiotics.

In the thesis, the conditions of the solution prtipe and electrospinning technique
preparing ethyl cellulose nanofibers in which optirantibiotic release time was obtained as

well.

This is an initial study to apply electrospinnirechnique for production of the new

antimicrobial medicines and drug delivery.
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[I. Materials and Methods
1. Electrospinning method

a. Materials

Antibiotic agents as ampicillin (Sigma Aldrich C&ermany), penicillin G sodium salt

(Sigma Aldrich Co., Germany) and streptomycin gal&alt (Sigma Aldrich Co., Germany).

Tetrahydrofuran (THF) (99% purity, Sigma Aldrich CoGermany) and N, N
dimethylacetamide (DMACc) (99% purity, Sigma Aldritic., Germany) were chemically pure

reagents.

Ethyl Cellulose (EC) powder (M= 30,000) (Sigma Aldrich Inc., Germany).
b. Preparing EC solution and antibiotic mixing EC ®lutions

Nanofibers adhering antibiotics were prepared ie binary solvent system (THF,
DMACc). Nanofibers were prepared formed from EC dligsd in the binary component solvent
system (THF, DMACc) with the volume ratio of THFEBMAC of 1 to 4, 3to 2 and 4 to 1 (v/v).

EC solution concentration was 150 g/I.

Table 1. Viscosity of EC solution with various volme ratio of the binary solvent system

THF:DMAC (v/v) 1: 4 3:2 4:1

EC solution viscosity 2160 cP/ 19.8°C| 2832 cP/19.8°C| 3528 cP/19.81C

Nanofibers, containing streptomycin 7 wt%, weraxfed from EC dissolved in various

THF:DMAC solvent system volume ratio of 1:4, 3:2ah1.
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Table 2. Viscosity of EC solution with various volme ratio of the binary solvent system

containing streptomycin 7 wt%

THF:DMAC (v/v)

1: 4

3.2

4:1

EC solution viscosity

2724 cP/20.7°C

2336 cP/20.5°C 2088 cP/21.

6°C

Nanofibers were formed from EC dissolved in THF:D&A&olvent system (3:2 v/v),

having ampicillin, penicillin and streptomycin arnous concentrations. The concentrations of

0.1 wt%, 0.3 wt%, 0.5 wt%, 0.7 wt% and 1.0 wt% wersed to test of the antibacterial

activities by agar disc diffusion assay; the comregions of 5.0 wt%, 7.0 wt% and 10.0 wt%

were used to observe the fiber morphologies artdofethe antibacterial activities by optical

density method.

Table 3. Viscosity of EC solution containing antilmtics

Antibiotics Concentration (wt %) Viscosity
5.0 1230 cP/ 20.6°C
Ampicillin 7.0 2472 cP/20.6°C
10.0 2608 cP/20.0°C
5.0 2460 cP/20.7°C
Penicillin 7.0 2616 cP/20.7°C
10.0 2760 cP/20.7°C
5.0 2160 cP/18.3°C
Streptomycin 7.0 2832 cP/18.8°C
10.0 3528 cP/18.6°C
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c. Electrospinning

A schematic diagram for electrospinning is depidteéig. 1. The electrospinning setup
used in this study consisted of a syringe pump I0dnm) (200 series, KD Scientific Inc., USA)
and needle (i.d. 0.8 mm), a ground electrode (stansteel sheet) and a high-voltage supply
(Series ER/DM, Glassman high voltage, Inc.). Thedie was connected to the high-voltage

supply, which can generate positive direct curveitage up to 50 kV.

For antibiotic loading nanofibers producing, thdtage of 15 kV was applied. The
distance between the needle tip and the groundretiectip collector distance (TCD) was 10
cm. The ground electrode was connected to colleatoating aluminum foil. The polymer
solutions were delivered via the syringe pump toticd the mass flow rate. Mass flow rate of

solutions was 10Ql/min.

Electrospinning process was carried out at roonpegature and humidity.

Fig.5. Photo of electrospinning apparatus.
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2. Drug release test

To monitor the drug releasing rate from nanofitdv-visible spectrophotometer was
used. The energy of ultraviolet and visible lightsresponded to the difference of electron
condition energy in atoms and molecules. The spectbtained through the detector showed
intensity of absorbed light as well as the inforimabf sample molecules. Using this principle,
the antibiotic release concentration of the namwfgamples in testing liquid was determined.
And at wavelength of 203 nm, antibiotic absorpt@@pacity was the best. 0.02 g nanofiber
adhering antibiotic as streptomycin concentratiéry avt% was soaked in 100 ml distilled

water.
3. Antimicrobial activity test

a. Bacterial strain

A Saphylococcus aureus subsp. aureus (S aureus) strain (KCCM 12214) was used in

this study from the Korean Culture center of Miagamism.
b. Growth conditions

S aureus were grown on Soybean Casein Digest Broth mediuect@ Dickinson,

USA) at 37C.
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Table 4. Composition of Soybean Casein Digest Brothedium

Components Amounts
Pancreatic Digest of Casein 170g
Pancreatic Digest of Soybean Meal 3.0g¢
Sodium chloride (NaCl) 509
Dipotassium Phosphate {POy) 259
Glucose 25¢g
Trypticase soy agar 15.0¢g
Distilled water 10L

+ Adjust pH of the media at 7.3 £ 0.2.

All subcultures were sterilized by autoclave at®@for 15 minutes and kept &iCGtthen

warmed at room temperature before using in therexpats.

Agar media were poured into Petri dishs immediatefer autoclaved. The dishs

solidified were kept at% before using in the experiments.

Subcultures were carried out by 300 ml flasks whichtained 100 ml of LB medium.
The culture was incubated at 3&Sor 24 hours before using as inoculum.
c. Antimicrobial activity assays

The disc-diffuson assay was used to determine the growth inhibition caubgd
antibiotic agents against the bacterial strainS aareus strain.

According to the disc-diffusion assay, the antimiial activity of antibiotic agents was
tested individually against the above microorgasisithe 100ul indicator microorganism
cells were inoculated into a 250 ml flask contagnif®0 ml of Soybean Casein Digest Broth

medium for S. aureus the media with each tested microorganism in a sigakincubator
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overnight at 36.%C. The microorganism was used to test antimicradgivity. Antimicrobial
activity test was followed standard disc diffusioethod [65]. A plate of nutrient agar (NA)
was inoculated with 0.1 ml of bacterial suspensibhe suspension was streaked over the
entire surface of the medium to ensure an evenilaliion of the suspension. Then, sterile
filter paper discs (i.d. 8 mm) or 0.01 g nanofibéiscs (i.d. 6 mm) including antibiotic agents
were placed individually with forceps. Diffusion @00 ul the antibiotics in the discs began
immediately. Then, the discs or the nanofibers vietabated at 37°€ for 24 hrs. After the

incubation, the diameter of the zones of complaéition was measured in mm.

The antibacterial activities of the fibers loadihg various antibiotic concentrations of

0.1 wt% to 1.0 wt % were investigated.
Optical density test for assessment of antimicrobial activity on bacteria

This method was applied for an approximate evalnatif the susceptibility o aureus
strain to the bulk antibiotics and the antibiotidsich were added into fibers with various antilwoti
concentrations. The effect of antibiotics havingeamntration loaded in the fibers of 5 wt%, 7 wt%,
and 10 wt% was test. The weight of the fibers wdgg0The bacterial inoculums and the fibers in
bacterial cultured medium were prepared in smalilsttubes. Bacteria inhibition activity was
checked every 4 hours. In this stu@yaureus strain was evaluated on the basis of the optical
absorbance of the culture. Turbidity changes efféxst the bacteria—antibiotics reaction were

followed by optical density measurements at wagttenf 640 nm fofS aureus.
4. Measurement and characterization

The viscosity, temperature of cellulose solutiamsTHF/DMAC reagent mixed antibiotic
agents was determined with a Viscometer (Brookfigiddel DV-II).

The morphology of the electrospun fibers was oleskon a scanning electron microscope
(FE-SEM, S-4800, Hitachi, Japan).

The inhibitory concentrations of the antibioticsreveletermined by UV spectrophotometer

(UV- VIS recording spectrophotometer, UV—2401P0ngiuzu, Japan).
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[ll. Results
1. Preparation of nanofibers from ethyl cellulose saition

Nanofibers were prepared from ethyl cellulose sofu{150 g/l) in the binary solvent
system THF and DMAc with the volume ratio of 3 tdy electrospinning method, at a high
voltage of 15 kV, the TCD of 10 cm, with an EC dmln flow rate of 100ul/min. The

produced nanofibers were shown in Fig. 6.

Fig. 6. Morphology of fiber observed by SEM at highgnification of x 1,000.

2. Morphologies of nanofibers prepared by using ethytellulose solution

loading antibiotics

The binary component THF:DMACc solvent was usedissalve the ethyl cellulose. The
jet from the needle tip was formed and sustainechirge the power supply overcame the

viscosity and surface tension of the EC solution.

Electrospinning was performed for the volume ratb§d HF:DMAc (1:4, 3:2 and 4:1)
(v/v) at a 10Qul /min of flow rate for ethyl cellulose solution der 15 kV of electricity; 10 cm,
TCD. Morphology of the fibers was evaluated by gsi8EM image with various

magnifications.

The morphologies of fiber prepared from THF:DMAcl&mt with various volume

ratios of 1:4, 3:2 and 4:1 were investigated. Tolet®ons having different binary component
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THF and DMACc solvent showed various viscositiese Bolvent volume ratio of 1:4, 3:2 and
4:1 had the viscosity of 2160 cP, 2832 cP and 3328espectively. The Fig. 7A shows that
diameter of the fiber which was prepared from theaty solvent system THF:DMAc of 1:4

were smaller and the fiber morphologies were maitotm than that of the others.

And the addition of DMACc in the system led to thecckase of the fiber diameter and so
the average diameter of the fiber decreased wittreasing volume of DMAc. The
morphologies of the fiber were shown more evidetlyhe Fig 7B. The fiber from the EC
solution having THF:DMAc ratio of 1:4 (v/v) was sptber than that of THF:DMACc solvent
volume ratio of 3:2 which appeared tubercles. Splgcithe fiber spinned from the EC

solution having the THF:DMACc solvent system ratiatdl (v/v) was porous along the fibers.

(@) (b) (c)

Fig. 7. Morphologies of fiber prepared from EC sian concentration of 150 g/l in
THF-DMACc solvent with various ratios.
A, low magnification (x 300 - SEM); B, higher magiaation (x 25,000 - SEM);
(a) THF:DMAc=1:4 (v/v); (b) THF:DMAc=3:2 (v/V); (cCTHF:DMAc=4:1 (vIv).

_29_



In this study, morphology of fiber which loaded gras antibiotic was studied. Fig. 8
shows a selected SEM image of the antibiotics twadianofibers. Clearly, nanofibers with

smooth surface were obtained.

At the same concentration, different antibioticadimg in nanofibers led various fiber

morphologies. The evidence is presented in Fig. 8.

3,0kV 12.6mm x25,0KSE(E)

(b) (c) (d)

Fig. 8. Morphologies of fiber prepared from EC s$imn whose concentration was 150 g/l in
THF to DMACc solvent having the volume ratio of 32punloading and loading Streptomycin

(magnification of x 25,000 — SEM).
(a) Fiber without antibiotic;

(b) Fiber with streptomycin; (c) Fiber with ampiiit (d) Fiber with penicillin.
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Fig. 9 shows the SEM images of the nanofibers lgadtreptomycin of various
concentrations. On increasing streptomycin conaéotr in the nanofiber solution, the EC
concentration decreased. At low viscosity, beadmaglwith the fibers deposited on the
collection plate, were found throughout the fibdrise shape of the beads varied with varying
the viscosity. The amount of the fibers containingads reduced with the increasing

streptomycin concentration. It is clearly evidanFig. 9A.

(@) (b) (©)

Fig. 9. Morrphologies of fiber prepared from ECumn having THF—-DMACc solvent ratio

of 3 to 2 and loading Streptomycin with various camtrations.
A, low magnification (x 300 - SEM); B, higher mafjoation (x 10,000 - SEM);

(a) Streptomycin 5 wt%; (b) Streptomycin 7 wt%; Etjeptomycin 10 wi%.
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3. Drug release test

Figure 10 shows that the released antibiotic camagon is dependent on the

composition of the solvent mixture in the EC santhaving concentration of 150 g/I.

For THF:DMAc volume ratios of 1:4, 3:2, and 4:1etmaximum absorbance of the release
antibiotic concentrations measured at wavelengt?2@® nm were 3.98, 9.27 and 1.34,

respectively.

The release of antibiotics adhered to the nandfipeepared from the solvent ratio of 3 to 2

(v/v) was faster than that of the others. Howetler,antibiotic continuously released for 8 hrs.

The antibiotic adhered to different nanofibers dispd gradually and steadily after 6, 8 and 8
hrs for THF:DMACc ratio of 1:4, 3:2 and 4:1 (v/vkspectively.

The above-mentioned results show that the nanafiloek long time to release the drug, while

the concentration of the drug was high.

The solvent ratio of 3 to 2 may be a suitable smufor the diffusion of streptomycin of 7

wt%. In this solvent, the antibiotic was diffuseettier than other solutions.

This result leads us to select the binary solvgstesn of THF:DMAc volume ratio of 3:2 for

further study.
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Fig. 10. Assessment of optimal release of antibiotintent.

where: @) the volume ratio of binary component THF-DMAc\amit of 1 to 4
(o) the volume ratio of binary component THF-DMAc\sait of 3 to 2
('¥) the volume ratio of binary component THF-DMAc\sait of 4 to 1.

The EC solution for preparing nanofibers was 1390ag8l streptomycin concentration

loaded in nanofibers was 7 wt%.
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4. Assessment of antimicrobial activity of bulk antibotics and antibiotic

loaded in nanofibers on bacteria

a. Agar disc diffusion assay

In agar disc diffusion assay, the bulk antibiotcsl the antibiotics loading in the fibers
showed considerable activity agailSstaureus except streptomycin concentration of 0.1 wt%
loading in the fibers. The bacterial growth inhiit zones expressed antibacterial activities of
the antibiotics at various concentrationsSaureus. The higher the antibiotic concentrations,
the larger the inhibition zones, and the higheibaaterial activities of antibiotics o aureus

(Table 5 and Figures 11-16).

It was also found that the fibers containing awtili inhibited bacteria growth in a larger area

that the fiber size due to the diffusion of theilaintics.

As shown in Table 5, at the lowest antibiotic coricagtion of 0.1 wt% loading in the
fibers, the bacterial growth inhibition zone wa® tbmallest for all antibiotics, and at the
highest concentration of 1.0 wt%, the zone waslahgest. Further, in the assay,aureus
was sensitive to both ampicillin and penicillin.ride, the inhibition zone diameters were quite
large although the activities of the antibioticadng in the fibers were markedly reduced on

comparing with that of bulk antibiotics.
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Table 5. Antibacterial activity of the antibioticson S. aureus

Concentration Bacterial growth inhibition zones (mm)
Antibiotics
(wt %) Bulk antibiotic Antibiotic loaded in nanofibers
0.1 21 11
0.3 25 14
Ampicillin 0.5 28 16
0.7 29 17
1.0 30 19
0.1 10 7
0.3 26 14
Penicillin 0.5 29 15
0.7 31 19
1.0 34 21
0.1 2 0
0.3 6 1
Streptomycin 0.5 8 3
0.7 10 7
1.0 12 10

(i.d. of paper disc, 8 mm; i.d. of fiber disc, 6 jnm
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0.1 wt% 0.3 wt% 0.5 wt%

0.7 wt% 1.0 wt%

Fig. 11. Pictures o0& aureus growth inhibition zones of various concentrations
of bulk penicillin.

Antibiotic-free fibers 0.1 wt% OuB%

0.5 wt% 0.7 wt% 1.0 wt%

Fig. 12. Pictures db aureus growth inhibition zones of various concentrations
of penicillin loading in the fibers.
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0.1wt% 0.3wt% 0.5wt%

0.7wt% 1.0wt%

Fig. 13. Pictures db aureus growth inhibition zones of various concentrations
of bulk ampicillin.

0.7 wt% 1.0 wt%

Fig. 14. Pictures db aureus growth inhibition zones of various concentrations
of ampicillin loading in the fibers.
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0.5 wt%

0.7 wt% 1.0 wt%

Fig. 15. Pictures db aureus growth inhibition zones of various concentration®ulk
streptomycin.

0.7 wt% 1.0 wt%

Fig. 16. Pictures db aureus growth inhibition zones of various concentratiohs o
streptomycin loading in the fibers.
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b. The optical density test

The effect of bulk streptomycin d& aureus is shown in Fig. 17 and Fig. 18. The bulk
streptomycin completely inhibited the bacterialwgtto within 12 hrs, 20 hrs at low and higher
concentration ratios, respectively. The antibaategifect of streptomycin again§t aureus
decreased gradually on increasing the time. Afterabove mentioned hours, the antibacterial

effect of streptomycin varied depending on its @sri@tion.
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Fig. 17. The effectiveness of various concentratioinbulk streptomycin o8. aureus growth.

where: @) growth curve ofS. aureus
(o) growth curve ofs. aureus when bulk streptomycin concentration of 0.1 gffilvited
('¥) growth curve ofs .aureus when bulk streptomycin concentration of 0.2 giiiirited

() growth curve ofs. aureus when bulk streptomycin concentration of 0.4 ghilvited.
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Fig. 18. The effectiveness of various concentratioibulk streptomycin o8. aureus growth.

where: @) growth curve ofS aureus
(o) growth curve ofs aureus when streptomycin concentration of 1 g/l inhibited
('¥) growth curve ofs aureus when streptomycin concentration of 2 g/l inhibited

() growth curve ofS.aureus when streptomycin concentration of 4 g/l inhibited

After 20 hrs of exposure, the streptomycin was detefy inactive if its concentration

was less than 1 g/l (Fig. 17).

For the concentration of 1 g/l to 4 g/l, the stoepycin was almost effective for further
20 hrs. It shows almost similar effect for the @ifRconcentration, while significant effect was
shown for 4 g/l (24 hrs). However, it was completidactive after 36 hrs of investigation

since the starting time (Fig. 18).

The antimicrobial activities of streptomycin wetadied when the antibiotic was loaded

in nanofibers. The results were shown in Fig. 1@ 20
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where:

Optical density (640nm)

Otl"'."I""I""I""I""I
0 10 20 30 40 50

Time (hrs)

Fig. 19. The effectiveness of various concentratioinstreptomycin

loaded in the nanofibers with the fiber weight af@g onS aureus growth.

@) S aureus growth curve as adding antibiotic-free nanofibam® the culture

medium

(o) growth curve ofS aureus when streptomycin concentration of 0.20 g/l coredi
in nanofibers were added in the culture mediume@tmycin concentration was 5

wt% in the EC solution. The EC solution concentmativas 150 g/l

(') growth curve ofS aureus when streptomycin concentration of 0.28 g/l coredi
in nanofibers were added in the culture mediume@tmycin concentration was 7

wt% in the EC solution. The EC solution concentmativas 150 g/l

(V) growth curve ofS aureus when streptomycin concentration of 0.40 g/l coredi
in nanofibers were added in the culture mediune@tmycin concentration was 10

wt% in the EC solution. The EC solution concentrativas 150 g/l.
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where:

Optical density (640nm)

Time (hrs)

Fig. 20. The effectiveness of various concentratigineptomycin

loaded in nanofibers with the fiber weight of 0O80nS. aureus growth.

@) S aureus growth curve as adding antibiotic-free nanofibam the culture

medium

(o) growth curve ofS aureus when streptomycin concentration of 0.40 g/l coredi
in nanofibers were added in the culture mediume@tmycin concentration was 5

wt% in the EC solution. The EC solution concentmativas 150 g/l

(V) growth curve ofS aureus when streptomycin concentration of 0.56 g/l coredi
in nanofibers were added in the culture mediume@tmycin concentration was 7

wt% in the EC solution. The EC solution concentmativas 150 g/l

(') growth curve ofS aureus when streptomycin concentration of 0.80 g/l coredi
in nanofibers were added in the culture mediune@tmycin concentration was 10

wt% in the EC solution. The EC solution concentrativas 150 g/l.
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At investigating concentrations, the antimicrobadtivities of streptomycin adhered on
nanofibers org. aureus were the best within the first 10 hrs for strepgoin concentration of 0.20
g/l and with twice of the fiber’'s weight, the effe@ time was 16 hrs. The antibacterial activityswa
stable at the 2%hour, during studied further 40 hours and thecéffeas almost nil at or after 56

hrs of exposure. The effective time increased tithincreased streptomycin concentration.

On comparing antimicrobial activity of bulk antitimand antibiotic adhered to nanofibers,
it was found that at the concentration of 0.20t9#&, most effective time for bulk streptomycin and
streptomycin loaded in nanofibers Bnaureus was 12 hrs and 20 hrs, respectively. While at 0.40

g/l, it was 20 hrs and 24 hrs, respectively.

The antibacterial activities were investigated wither antibiotics, for example; ampicillin
and penicillin at the similar concentration of ptaamycin. The results are far more different than
that of streptomycin. After 100 hrs of investigati®. aureus growth population was lower than
0.4x 10 cells per ml, while the growth & aureus unihibited by the antibiotics was more than 15x

10’ cells per ml (1 OD = 3x Y@ells per ml)[63]. Figures 21-24 show the sameltes

It was found that the most effective time was ldnghe case of ampicillin, it lasted 100 hrs,
52 hrs for bulk ampicillin, ampicillin loading ifn¢ fibers, respectively, at antibiotic concentmatio
loading in the fibers of 5 wt% (0.20 g/l in cultureedium). At 10 wt% (0.40 g/l in culture medium),
the effective time was 124 hrs and 68 hrs. Thect{fe time of varous ampicillin concentrations
was not significantly different. However, antiba@éactivity of bulk ampicillin at concentration
of 0.04 g/l was the highest and quite differentrfrother concentrations left. The result was the

same to ampicillin loaded in the fibers.

The effective time of penicillin was shorter théxatt of ampicillin. It was 44 hrs and 36 hrs
for bulk antibiotic and the antibiotic loaded iretfiber, respectively at penicillin concentratiohn o

0.20 g/l in culture medium. At 0.40 g/l, the efigettime was 54 hrs and 36 hrs, respectively.

Within the mentioned periods, the antibacterialivétds increased significantly on

increasing the time. After that time, the activstreduced gradually.
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Fig. 21. The effectiveness of various concentratibbulk ampicillin onS. aureus growth.

where: @) S aureus growth curve - Control curve

(e) growth curve ofS aureus when bulk ampicillin concentration of 0.20 g/l was
added in the culture medium
(o) growth curve ofS aureus when bulk ampicillin concentration of 0.28 g/l was
added in the culture medium
(¥) growth curve ofS. aureus when bulk ampicillin concentration of 0.40 g/l was

added in the culture medium.
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Fig. 22. The effectiveness of ampicillin loadinglie fibers or& aureus.

where: W) the curve ofS aureus growth as adding antibiotic — free nanofibers ite

culture medium — Control curve

(e) growth curve ofS. aureus when ampicillin concentration of 0.20 g/l contairia
nanofibers was added in the culture medium. Amipictoncentration in the EC

solution was 5 wt%. EC solution concentration wag @/l

(o) growth curve ofS. aureus when ampicillin concentration of 0.28 g/l contairia
nanofibers was added in the culture medium. Amipictoncentration in the EC
solution was 7 wt%. EC solution concentration wag @/l

(') growth curve ofS. aureus when ampicillin concentration of 0.40 g/l contalria
nanofibers was added in the culture medium. Amipictoncentration in the EC

solution was 10 wt%. EC solution concentration Wa8 g/l.
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Fig. 23. The effectiveness of bulk penicillin 8raureus growth.

where: W) S aureus growth curve — Control curve

(e) growth curve ofS. aureus when bulk penicillin concentration of 0.20 g/l was
added in the culture medium
(o) growth curve ofS. aureus when bulk penicillin concentration of 0.28 g/l was
added in the culture medium
(') growth curve ofS aureus when bulk penicillin concentration of 0.40 g/l was

added in the culture medium.
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Fig. 24. The effectiveness of various concentratioinpenicillin loading in the fibers

on S aureus growth.

where: W) the curve ofS aureus growth as adding antibiotic-free nanofibers irte tulture

medium — Control curve

(®) growth curve ofS aurous when penicillin concentration of 0.20 g/l containe
Nan fibers was added in the culture medium. Pdmcdoncentration in the EC

solution was 5 wt%. EC solution concentration wag @/.

(o) growth curve ofS aureus when penicillin concentration of 0.28 g/l containe
nanofibers was added in the culture medium. Péniciloncentration in the EC
solution was 7 wt%. EC solution concentration wag @/.

('¥) growth curve ofS. aureus when penicillin concentration of 0.40 g/l contalria
nanofibers was added in the culture medium. Péniailoncentration in the EC

solution was 10 wt%. EC solution concentration Wa8 g/l.
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IV. Discussion

At the high voltage of 15 kV, so the electric fiedttength was high and the acceleration
of the jet to the collector was also high. With theto collector distance of 10 cm, the jet had
a short distance to travel before it reaches thieator plate. The distance was very short,
excess solvent caused the fibers to merge whendbetact to form junctions resulting in
inter- and intra- layer bonding. Moreover, the floate applied in this the study was 100
wl/min. It was high, the bead and fiber diameterseneng [19]. The higher volume of the EC
solution drawn from the needle tip, the jet todkrmger time to dry. As a result, the solvents in

the deposited fibers did not have enough time &perate given the same flight time.

In the EC solution having the volume ratio of THFOMAC of 4 to 1, the formation of
holes on the fiber surface is the result of théed#nce in volatility of the two components,
THF and DMACc, in the binary solvent system. Thelibgipoints of THF and DMAc are 65°C
and 165°C, respectively [62]. Because of the loleiling point of the THF, THF shows
higher vapor pressure. Therefore, EC fiber holessvi@med on the surface of the fiber. The

morphologies varied as the solvent ratios changed.

The fiber morphology depends on the concentratiddAD, with decrease DMACc
concentration, the fiber diameter increased; teeosity and DMAc concentration affected the

morphologies of the fibers. Sheynelyal. also observed the same results [34].

These results indicate that the antibiotic/polymagios and polymer concentration in the
spinning solution can have an impact on the avefdge diameter and morphology. The
results for streptomycin/EC indicate that a lowetitaotic/polymer ratio leads to smaller fiber
diameter. The effect could also be related to tivecentration of the polymer in the spinning
EC solution. On increasing the antibiotic concerdgrain the EC solution, the EC solution
increased. Therefore, viscosity of the solutionréased, hence, and the fiber diameter

increased.

At low viscosity, beads along with the fibers ddfexs on the collection plate, were
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found along the fibers. The shape of the beadsd&anith varying the viscosity. This is
probably due to the resistance of the solutionegstoetched by the charged on the jet. Beads
on fiber reduced with the increase streptomycirceatration. Beads on fibers were less likely
to be formed for the more viscous solutions. Tighér streptomycin concentration mixing in
the EC solution, the lower was the viscosity. Thankter of the beads increases as the
viscosity increases. One of factors affecting tarfdiber morphology is viscosity of the

polymer solution [19].

The concentration of antibiotic loaded in nanofsberfluences the spinning of fibers and
controls the fiber structure and morphology. Eaotibéotic has specific physical properties.

They would have different physical state in theypwr. Hence, their morphologies varied.

It is concluded that the production of nanofibess the electrospinning process is
influenced by both the electrostatic forces and viseoelastic behavior of the polymer.
Process parameters such as solution feed ratee@pgltage, tip collector distance, and
material properties such as solution concentratmscosity, substance ingredient ratio,
solvents ratio and solvent vapor pressure influetloe structure and morphology of

electrospun nanofibers.

EC solution for electrospinning, which has low wsity, produces small fibers, and vice

versa. The smaller fiber diameter, the shorterug delease time.

In the present study, the antimicrobial activitigsantibiotic loading in nanofibers were

compared to that of bulk antibiotics.

Firstly, in agar disc diffusion assay, on comparthg antimicrobial activity of bulk
antibiotics and antibiotics loaded in the nanofihehe bacterial growth inhibition zones of
investigated antibiotics were found to be smalhantthat of the bulk antibiotics, tested once
in 24 hrs. The bulk antibiotics were released whalihile the antibiotics loaded in the fiber
were dispersed partially. The antibacterial adgésitvaried with various bulk antibiotics, the

effect of the antibiotic loading in the fiber algaries.
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Secondly, each antibiotic has specific effectivenea S aureus growth. The effect
increases with the increased antibiotic concewinatithat's true to bulk antibiotics and
antibiotic loading in the nanofibers. And the aatiterial activities of the fibers are different;
in other words, the content and time of differentitd#otics exposing from the fibers is

different.

In the case of streptomycin, in order to show simictive time like the antibiotic

loaded in the nanofibers, the bulk antibiotic corications should be as high as 5 times of that.

S aureusis very sensitive to ampicillin and penicillin. Ate same concentration and the
fiber weight investigated of 0.4 g, the effectivemeof ampicillin and penicillin is quite
different from that of streptomycin. Their effeaitime is much longer and their activities
againstS. aureus are much higher. However, the effective contetlgasing of ampicillin and
penicillin from the fiber was not much, for thisason, bacterial growth inhibition time is

much shorter than that of bulk antibiotics.

The antibiotics adhered to nanofibers’ mechanisree®aon adsorption of EC with
antibiotics. Antibiotics are adsorbed on EC becausthe surface of EC has -OH function group
which has strong affinities. Therefore, they kdap group of antibiotics by coordination bonds
such as N (lll) function group of beta-lactam gram@mpicillin, penicillin and amino group in
streptomycin. In this study, the dispersion of afifint antibiotics varies because of the force of
absorption of the nanofibers to the antibioticse Tdrce is weak so that the antibiotic dispersion

is fast, and vice versa.

The beta lactam antibiotics are inhibitors of bdatecell wall synthesis. They inhibit the
growth of sensitive bacteria by inactivating enzgnhecated in the bacterial cell membrane,
which are involved in the third stage of cell wsyinthesis. It is during this stage that linear
strands of peptidoglycan are cross-linked into shrfet-like polymer that surrounds the

bacterial cell and confers osmotic stability in typertonic milieu [17].

Besides, stretomycin is an aminoglycoside whicts dt binding to a specific S12
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protein in the 30S ribosomal subunit and causesillosome to misread the genetic code [63].
The aminoglycoside-type drugs can combine with rotieding sites on 30S ribosomes, and
they Kkill bacteria by inducing the formation of ataat, nonfunctional complexes as well as by

causing misreading. The antibiotic is just a baostatic. It elucidates the above results.

V. Conclusion

1. The addition of DMAc in the binary component THF/B# solvent system leads to the

decrease of the viscosity of the solution and g@hse in the fiber diameter.

2. Because of the difference in volatilization of thieary solvent system, tiny tubercles on the

surface of the fiber are formed when the binaryesat system is used in electrospinning.

3. The load of the antibiotics in the EC sloulutiorieafs the morphological changes. More
tubercles on the surface of the fiber are formedi the concentration of antibiotics influences

the spinning of fibers and controls the fiber stuoe and morphology.

4. The released antibiotic content and the releasing are dependent on the composition of the
binary component THF:DMAc solvent mixture. The dnglease time is the longest for the

binary solvent system ratio is 3 to 2 (v/v) on canipg the other ratios of 1 to 4 and 4 to 1 (v/v).

5. The adsorption of ethyl cellulose with antibiotieads the antibiotic content releasing from the
fibers less than bulk antibiotics in bacterial atdt medium, hence, their antibacterial effect is

less than that bulk antibiotics.

6. The antibacterial active time of streptomycin lodd@nofibers is as high as 5 times that of

bulk streptomycin at the same concentration.

7. At very low concentration of ampicillin and peniiil the antibacterial effect o8 aureus is
much higher than streptomycin when they were loadele fibers. However, the release time

is less effective than with streptomycin.
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