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Wound dressing has developed continuously over a period of time, start by simply acting to cover the
wound. The modern bandage materials are containing various active compounds for beneficial to
the healing of wounds and have many techniques for preparation. The electrospinning is one of the
most important techniques for wound dressing preparation. In t{his research, we prepared the fiber
mats containing propolis extract and cross-linked carboxymethyl starch {CL-CMS) by electrospin-
ning. All samples were prepared in thiee layers, the top and the base layers are poly(vinyl alcohol)
(PVA) fiber mat, the middle fayer is poly(vinyf pirolidone} (FVP)/propolis or PVP/propolis/ClL-CMS.
The samples were separate two groups, one group containing various amount of propolis. The
propolis was varied from 0% w/v, 1% wi/v, 3% wfv and 5% w/v. And another group, the samples con-
tain fixed amount of propolis at 5% wiv and CL-CMS was varied from 0-15% wiv. The morphology
of samples were observed by SEM. It was found that, they were smooth and in the medium layer,
the CL-CMS powders appeared. 5. aureus, S. epidermidis, B. coreus, MRSA and P aeruginosa
were antibacterial tested by using disdiffusion methed, at 5% wiv of the propolis was the rmaximum
of the antibacterial activity. Cytotoxicity and antiviral activity were fested. The CDy; of the sample at
0% wiv of the propolis is 794.38 40,00 nig/ml, when increased the propolis concentration the CDq,
was decrease.
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fabrics consisting of ultrafine fibers, it is highly porous.
Good air flow properties will be obtained from these
micro-pores and the electrospun fiber mats can protect the
wound from the moisture elimination process.'™ For the
bicmaterials in wound dressing compost of natural poly-
mers and synthetic polymers, such as chitosan, collagen,!!
poly(caprolactone)'? and poly({vinyl alcohol).® Poly(vinyi
alcohol) (PVA) is the synthetic polymers. Tt is widely
used in the range of industrial, commercial, biomedical

1. INTRODUCTION

Nowadays the nanotechnology and nano-material is wildly
stndied for apply to many applications, such as electronic
devices, sensors and biomedical materials.? There are
relationship between the processing, structure, properties
and application as carbon nano-rods, carbon nanotube,™
and polymer nano encapsulate.? In addition, the nanofiber
is one of the important nanomaterials for many applica-
tions. Electrospinning is one of the most important tech-

niques to manufacture fibers.” The electrospun fibers have
become popular for nse as wound dressings because it
is & very large surface to volume ratio that is effec-
tive for releasing active ingredients in the fibers into
the skin.®® Electrospinning produces are the nonwoven
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and food applications, such as lacquers, surgical threads
and food-contact applications.”* PVA is highly biocom-
patible and non-toxic." There are kinds of antibacterial
electrospun fiber mats that used for wound dressing. First,
polymer that used in electrospinning technique with intrin-
sic antibacterial activity example is quaternized chitosan,
Second, incorporation of the active ingredients into the
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polymer, such as antimicrobial agent or medical substance
with polymer. Such as the electrospun fiber of poly(vinyl
pyrrolidone)—iodine complex.®

In this study, we prepared the PVA-PVP added propolis
and PVA-PVP added propolis with CL-CMS fiber mats
layers, These electrospun fibers would have antibacterial
activities from propolis and also more effectiveness for
healing wounds because of the providing moisture to the
skin. A good wound dressing in addition to protect the
wound from the moisture elimination process, and then it
must be able to absorb wound exudate.!® The CL-CMS
is good swelling power, therefore, the CL-CMS adding to
the fiber mats for the absorbed the wound exudate. The
morphology, structure, and antimicrobial properties were
investigated: ' '

2..The CROSS-LINKED CARBOXY METHYL
STARCH (CL-CMS) PREPARATION

The preparation of cross-linked carboxymethyl starch
{(CLCMS) following the method described by
Kittipongpatana.’® 40 g of monochlorcacetic acid dis-
solved in 254 g of methanol in 3-neck round bottom
flask then added the 138 g of tapioca starch followed by
75.5 g of 50% of NaOH solution. After that the 1 wt.%
of epichlorohydrin was added for the cross-linking agent,
The mixture was heated and controlled the temperature at
70 °C for 1 hr. Firally, the end of reaction was terminated
by neutralization with glacial acetic acid. The powder was
filtrated and washed several time with 80% methanol and
the methanol after filtrated was tested by silver nitrate, no
precipitate was found. Finally the powder was washed by
100% methanol.

3. EXTRACT OF PROPOLIS PREPARATION
The propolis was extracted by exthanolic extract. The
propolis was ground and homogenized wsing liquid nitro-
gen. The 30 grams of propolis powder was dissolved in
300 ml of ethanof (70 vol.%). For ultrasonic extraction,
the samples were processed in an ultrasonic chamber for
30 min, the temperature was controlled below 40 °C by
ice. Finally, the solution was filtrated through a Whatman
No. 1 filter paper. After that the propolis exiract was evap-
orated the ethanol by the evaporator. Finally the propolis
extract was Iyophilized for removed water.

4. ELECTROSPUN FIBER MATS
CONTAINING PROPOLIS
EXTRACT/CL-CMS PREPARATION

The PVA-PVP/propolis nanofiber layers prepared by the

8% wiv PVA dissolved in deionized water, stirring at 80 °C

for 30 min, Left to cool at room temperature and spin

to the fbers by electrospinning technique for first layer.

The spinning condition was as follow; 10 mi of the PVA

solution was fed into a 25 ml-hypodermic syringe. The
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diameter of the needle tip is 0.6 mm was used. Aluminum
foil was used as the collector. The distance between the
needle tips to the collector was 25 cm. The electric field
of 25 kV was applied throughout the spinning process
and the flow rate from 0.8 ml/hr. was employed. The
spinning process was carried ont at room temperature.
The second layer prepared by spinning the PVP added
propolis and PVP added propolis and CL-CMS particles
dissolved in ethanol, stirring at room-temperature for 30
min. The PVP concentration was 8% w/v, condition one
added propolis various from 0% w/v, 1% w/v, 3% w/v and
3% wiv. Condition two fixed the propolis at 3% wiv
and varied the CL-CMS as 0% wiv, 5% w/iv, 10% wiv
and 15% wiv.

P R T 4

5. WATER ADSORPTION OF-CL-CMS

The CL-CMS is the swelling agénts,!it'is widely used as
disintegrating agent in the tablet.!” Mechanism of swelling
in the CL-CMS is caused by the absorption of water into
the inner itself. From the mechanism: of swelling of CL-
CMS, it can be used to absorb exudate from the wound.
The water adsorption of CL-CMS was defined by water
swelling ratio, The CL-CMS were left at 30 °C in hot air
oven for 2 days. The water swelling ratio of CL-CMS was
calculated using the equation:

water swelling ratio = Y= W o 009 (1
W, z

W, is the dried weight of CL-CMS and W, is the weight
of fully swollen CL-CMS. W, was measured after cen-
trifuged the CL-CMS in witer at”4000 t¢vw/min for 10
min, and then the water under the CL-CMS was discarded.
From the Eq. (1}, the water swelling ratio of the CL-CMS

is 235.67+£0.24% S - -

6. THE MORPHOLOGY OBSERVATION

The morphology of the electrospun fiber mats was exam-
ined using a scanning electron ndcroscope (SEM; SNE-
3000M, Nanoeye). The samples were arranged on a metal
stub using carbon adhesive tape and coated with gold
under vacuum before observation, .

The fiber mats layers prepared by electrospinning tech-
nique. The samples were successfully prepared in three
layers as top and base layer are PVA fiber mats, the mid-
dle layer is PVP added propolis or PVP added propo-
lis and CL-CMS. The morphology of fiber mats layers
were shown in Figure 1. From Figure 1(a), the morphol-
ogy of PVA fibers shows that the smooth fiber with no
beads. The range of fibers diameter was 200-350 nm.
Figure 1(b) shows the morphology of PVP added propo-
lis and CL-CMS. Tt was found that the CL-CMS powders
adhere at PVP fibers.

Our research to prepare the wound dressing that
can help wounds heal faster and is also active against
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Fig. 1. The SEM image of PVA-PVP/propolisfCL-CMS powder
fiker mats Jayers, (a) PVA fiber mats and (b} the middle layer
PVP/propolis/CL-CMS powder fiber mats.

pathogenic bacteria by propolis extracts. From our unpub-
lished research, we prepared the PVA added propolis
extracted, it was found that the PVA and propolis cannot
dissolve in the same solvent. So, we used the PVP, because
it can dissolve in the same ethanol as the propolis was.
But it has problem of the PVP is the very fast dissolve
and non-stable. We solved the problem by using PVA fiber
mats for the top and base to keep the examples more sta-
ble and the propolis could be diffused to the wound when
the polymer dissolving.

7. THE ANTIMICROBIAL ACTIVITY
Some wounds are despite optimal treatment but i is slow
heal. This is the resujt of the infection. So, the good wound
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be effective in antibacterial as well. Pathogenic crganisms
causing sergical wound infections are antibiotic resistant
organisms, such as methicillin resistant Staphylococcus
anrens (MRSA)." From the reason above, the fiber mats
were tested the antibacterial and antifungal activity assays.
The antibacterial activity was studied using disc diffusion
method. . aqurexs, MRSA, P. aeruginosa, B. cereus and
S. epidermidis were used as tested microorganisms. PVA-
PVP/propolis and PVA-PVP/propolis/CL-CMS fiber mats
tayers discs were prepared from using a paper hole-punch
with the diameter of 6 mm. Each surface of fiber discs
was sterilized by ultraviolet light irradiation. The microor-
ganisms tested were grown on nutrient agar and incubated
at 37 *C for 24 hrs. And inhibition zones were measured.
In this studicd was used the gentamicin (0.5% W/v) for the
positive control.

The results of the nncroorgamsm tesf are “shown "t
Tables I and II. For PVA—PVP!prbpohs fiber mats layers,
the propalis concentraticn varied froii 0% W/v to 5% w/v
The inhibition zones were increased w1th the ceucentratlon
of propolis contains. The antlbacterlal ctivities'of the fiier
mats layers were found to depend ofi the couccntratxon of
propolis added.

The result of PVA- PVP/propolis/FL -CMS "Hber © mats
layers showed that no d:fference ‘of the 1nh1b1t10n zone
From the result, it can bé seén'that the antib Cetial acii ity
of sample depends on the propohs contam ecause, the
increasing amount of CL-CMS ‘does not affect tha antibac-
terial properties.

The antibacterial activity of the sample “due to the
antibacterial activity of propolis could result from chem-
ical compositions which can inhibit or kill a wide range
of bacterial species. The propolis hag many. reporls aboyt
componentis that are involved in antlbactenal Aantifungal,
antioxidant and other activities,’” such as ﬂavonmds
apigenin, chrysin, flavonones and naringenin %! The
main compound of propolis are. acid such as caffeic,
p-Coumaric  acid, 3-prcny1—4-hydroxycmnarmc, 3,5-
diprenyl-4-hydroxycinnamic, 2,2-dimgthyt-8-prenyl-2H-1-
benzopyran-6-propenoic, kaempferol denvanve 2 Cushnie
et al? reported about the antimicrobial. activity .of
flaveneids by inhibition of nucleic acid synthesis, cyto-
plasmic membrane function or energy. metabolism. For
example of the antibacterial activity of propolis on
S. aureus, the result is the effect of the propolis com-

dressing not only uses for cover the wound but must also  pounds such as triterpenic acids.?%
Table 1. The inhibition zone of PVA-PVP/propolis fiber mats layers.
. s Inhibition zone (mm}

Parpolis concentration

(% wiiv) S. aureus MRSA F. aeruginosa B. cerens S. epidermidis

o 0 ¢ i} o - o

1 0 0 0 0 - a

3 7.240.05 7.14£0.00 7.940.09 7.0+£005 | . 8.0£0.08

5 11.4+0.09 12.24+0.04 i1.5:£0.08 11.2£0.08 . 12.0£0.10
3
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Table II. The inhibition zone of PVA-PVP/propolis/CL-CMS fiber mats layers (Fixed propolis at 5% wi/v).

Inhibition zone {mm)

CL~CMS contains

(% wifv) S, aureus MRSA P, aeruginosa B. cereus 5. epidermidis
0 11.4£0.09 12.220.04 11.5£0.08 11.220.08 12.0+0.10
5 11.5£0.10 12.2+£0.04 11.6:0.04 11.4£0.06 12.1£0.21
10 1144010 12.4+0.05 11.6+0.04 11.1:£0.06 122£0.13
15 11.54:0.05 12.020.09 11.2£0.10 11.20.00 11.8+0.08
15+ 0 0 0 0 0

Note: 5* is the PVA-PVP/CL-CMS fiber mats layers (no propotis).

8. CYTOTOXICITY AND ANTIVIRAL ASSAY
Cytotoxicity of samples was investigated on Vero chls

with in Eagle’s minimum essential medium (MEM; Gibcee,

UK) -Each -of - the- -samples -econcentration- was—added -to - -
quadruplet wells onto 96-well tissue culture plate. After

that, 1 x 105 cells/ml of Vero cells were added and incu-
bated at 37 °C for 72 hrs in humidified 5% CO, atmo-
sphere incubator. Leaving the media and cells were stained
by 0.1% crystal violet in 1% ethanol for 20 min to evalu-
ate toxicity on Vero cells. The concentration of 50% cyto-
toxicity dose (CDs,) was expressed as a concentration of
the extract that caused cell detachment from the wells by
50%. The CDs, value was determined according to modi-
fied protocol from Reed and Muench (1938). The staining
cells were showed in Figure 2.

Cytotoxicity was studied on the samples containing var-
ious concentration of propolis (0, 1, 3 and 5% w/v). From
Table I, the result showed that the CDy, decreased with

mcreased the propohs concentration, This result is due to

soime chfec; of the propolis on the polymer to the action on
the Vero cell, which may be an effect on cell deformation

(Fig. 2(c)). -

)

Fig. 2. Morphology of the Vero cells, (a) after test, {b) sample concen-
tration less than CD;, and (¢) sample concentration more than CDy,.

4

dlmethyl ‘sulfoxide (DMSO) was serially two-fold diluted

The anti-HSV test by the Vero cells were cultured in
24-wells, each weil has the volume of 500 ul. After that,
the Vero cells were incubated at 37 °C in humidified 5%
co, atmosphere incubator for 2-3 days : ;fﬁ%h", the niedia
was discarded 300 pil of each well and added the 100 gl

of HSV concentration of- 100vplaquesJD -al-for-1-he-at

the 200 ,ul samp]e ‘af the concentration of non—tomc:ty ‘o1l
Vero cells, The mediuni and oveériay medii Were added,
the volume of 200 u! and 300 ul respectively. Then, the
sample was incubated at 37 °C in humidified 5% CO,
atmosphere incubator for 3—4 days. After that, the media
was discarded and infected cells were stained with 0.1%
erystal violet in 1% ethanol for 20 min. The percentage of
inhibition was determined by reduction of plague number
comparing to untreated virus control,.. :

Herpes simplex virus (HSV) is.a human pathogen. .

The virus is the causative agent of herpes disease. Pri-
mary infection is usually acquired in childheod and is most
often asymptomatic, after which virus becomes latent in
neurons of cranial nerve ganghia (HSKI) or.sacral ganglia
(HSV-2).% This test chooses the, sample concentration: at
thé nontoxic on the Verd ¢éll.from the.CDs,. The anfi-HSV
activity was shown in Table V. -The:reslts- showed- that
the cytotoxicity of the fiber mats increased with the propo-
lis concentration, but inhibition of HSV-1F and HSV-2G
showed no significant difference when compared with the
sample of no propolis and sample adding the propolis at
5% wiv. o

Moreover propolis in many reports showed the biologi-
cal activity on antiviral activity against HIV-1,% HSV-type
12627 and HSV-type 2.2 Propolis is a resinous from var-
jous plant sources. It is a natural product which centains
by many compenents, but the widely known is flavonoids,

Table HI. Cytotoxicity of fiber mat layer wllh varies propolls coneen-
tration or vero celk. . . -

Concentration of propolis

in the samples (wi'v%) ' e €Dy, (pafml)
6.0 794.38+0.00
1.0 431.21 £28.64
3.6 414.67+28.64
50 150.83+42.18
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Table IV, Anti-HSV of the fiber mat layers with varies propolis
conceniration.

Propolis concentration  Concentration

on samples (% wiv) {zeg/ml) HSV-IF HSV-2G

0 650 69.46+£2.06 46.86+2.63
1 320 47.718+6.25  39.38+0.42
3 320 5421+ 1.91 39.99+0.29
5 80 5625+2.94  40.664:1.32

moronic acid desivatives and caffeic acid.” These compo-
nents also showed the antiviral properties.®

9. CONCLUSIONS

The -fiber mats layers prepared by electrospinning tech-
mque for wound dressing application was successful. The
top and base of the sample prepared by PVA electrospun
fiber. mats, the morphology showed smooth and beads free.
The'middle layer prepared by PVP added CL-CMS and
propolis showed that the smooth fiber and the CL-CMS
powder could be observed. The samples have the good
antibacterial activity and the inhibition zone with increas-
ing the propolis and the CL-CMS$ concentration. The anti-
HSV activity of the sample with no propelis and adding
5% wiv of propolis were 69.46-2.06% and 56.25 £
2.94% of HSV-1F and 46.86 £2.63% and 40.66 +1.32%
of HSV-2G respectively.
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