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Electrospinning is one of the important technologies that has contributed a lot
to the development of science. Electrospinning usually requires an electrical
voltage generator with a value of 10 - 60 kilovolts, and this voltage requires
expensive and energy-consuming electrical devices. The raw materials of
nanofibers usually use various polymeric materials, but mixing polymeric
materials and finding a stable mixture with the desired properties is difficult
and requires many experiments and studies. In this research, a safe
electrospinning system with capabilities similar to those of a standard
electrospinning device applying a mixture of PVP and honey that can be
further tested in wound healing was being constructed. Several mixtures were
tested to see which one is more approachable and materials to construct the
electrospinning device included lithium battery and medical syringe and an
energy booster with an aluminum foil and a rubber band to create a steady
flowrate of the polymer. The method described achieved a successful formation
of nanofibers by electrospinning using honey and PVP 1:1 and PVP 40%, and
the designed device is portable and can be installed in any part of the
laboratory, whether large or small making nanofibers production more
democratized to low-income countries and labs with minimal budgets.

Keywords: Nanofibers, Electrospinning, Honey, PVP, Hyaluronic acid, Gelatin,
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INTRODUCTION

The production of nanofibers is a scientific manufacturing process that has been
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continuously developed to produce fibers with a nano-diameter that is many times
less than the diameter of a human hair. Electrospinning emerged as a popular
method to produce fibers in 1900%, and since the late 1990s nanofibers have been
made from a wide range of materials, researchers used it for various applications in

filtration, biosensors, wound dressings, and drug delivery systems.?34,
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The principle of electrospinning is to draw polymeric materials through a small
opening. In conjunction with exposure to an electrical charge, it helps to form
polymeric fibers with diameters of the order of nanometers on a metal platform.®®.

Electrospinning is not applied in low-budget labs because for it usually requires an
electrical voltage generator of 10-60 kilovolts, and this voltage requires expensive
and energy-consuming electrical devices that cost 10,000$ for the lowest quality
devices, in addition to the need for special insulating rooms to obtain the fibers
resulting from electrospinning and collect them on a usually metal surface, but
finding the right mixture of polymers and setting the parameters of electrospinning is
considered difficult’. Also, the electrospinning device needs a robotic pusher to
determine the flow rate of the polymer, it usually costs 50-603$. These costly devices
and basic structures for electrospinning prevent research in the field of nano and
microfiber production in underdeveloped countries, and this requires a frugal
alternative to benefit from this technologys diverse applications.

MATERIALS AND METHODS

Materials used to construct the electrospinning device included:

« Plastic containers, used for storing the needle and aluminum assembly.
= Medical syringe, used for pumping solutions.

< Rubber, utilized for pushingsolutions.

< An aluminum foil is used for spinning nanofibers.

« A lithium battery provides initiative DC power to the generator.

« A high voltage generator (booster), used to produce high voltage for nanofiber
production.

= Wood, for insulation.
« Laboratory tubes are used for preparing solutions.
« A vortex shaker for mixing substances.

Figure1l Shape of the high voltage generator used to produce nanofibers.
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The core component in the electrospinning device is the high voltage generator,
and these generators differ by continuous working time, ignition distance of the
output lines, size, input/output voltage, input and output cable length, working
current, and ignition distance, etc. ® in our case we used a power booster, these
boosters are sold as 400 kilovolt high voltage modules but they actually produce
between 10to 50kilovolts'®. it consists of several internal parts like the transformer
that converts current from low voltage to high voltage, capacitorsthatstoreenergy,
switches that allow current to be controlled, electrical coils that generate magnetic
fields, resistors that control the flow of current, and diode switches that direct the
flow of current correctly. It is commercially available at low cost, with a simple
structure and high efficiency for power transformation. One of its disadvantages is
that it needs a break after 30-40 seconds of usage to prevent it from overheating, and
theuser must be cautious when handling them.

The device is connected as follows:

= The Red line must be connected to the positive to input voltage source, typically
a DC power supply or battery. The input voltage range is typically 3.7V-7.4V

« The Green line is connected to the negative pole of the battery.

« The Output golden color lines (HV+ HV are the output of high voltage output
terminaltl,

Solution preparation

Several solutions and mixtures were tested, and they include:

< PVP and water: Dry PVP was dissolved in water to create 40% concentration
(w/v), then mixed using a vortex until the mixture was homogenized with a viscous
texture.

< Honey and PVP: Dry PVP was dissolved in water to create 40% concentration,
as the previous solution, Then pure honey was combined with of the PVP solution
(1:1 ratio) and mixed with a spoon several times along with microwaving the mixture
for approximately 2 minutes to make the solution homogeneous.

« HA (Hyaluronic acid) and PVA mix: A 1.4% concentration of PVA was
prepared in the same manner as previously mentioned and 1.5% concentration in
water solution (w/v) of HA were used, with a ratio of 75% PVA to 25% HA. The
mixture was mixed usingavortex and it didnt give a viscous texture.

< Honey and gelatin solution: 0.8 grams of animal gelatin was dissolved in 50 ml
of hot water and stirred at 70 degrees Celsius to create a 1.6% gelatin solution.
Afterward, the gelatin-water mixture was combined with of pure honey (2:3)
respectively, then microwaved and mixed with mini spoon to homogenize for 2
minutes. Vortexing created bubbles when honey was used, so spoon stirring was
found better.

< HA and gelatin solution: The gelatin solution was prepared the same as previous
way 1.6%. Next, the gelatin-water mixture was mixed with of hyaluronic acid (2:3)
respectively.
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Method

The pre-equipped solution was inserted into a medical needle (syringe) and the
device was installed as follows:

a. The aluminum foil was fastened onto a circular ring with two plastic containers
as a collecting surface'?.

The syringe was placed on another plastic container, positioned
towards the Aluminum foil

c. The distance between the compound and the needle was adjusted to be no more
than 5¢cm.

d. One output pole from the converter was connected to the needle, and the other
pole to the aluminumfoil.

The high voltage generator was connected to alithium battery 37V
and turned on

f. The needle was ejected automatically by a rubber band installed on the pusher; it
was calibrated to pump water before 0.1 ml a second which gave a continuous and
controlled flowrate.

g. The needle was pumped with the rubber in for around 30 seconds while the
power supply booster was connected. Followed by a 2-5 minutes break to prevent the
booster from overheating.

h. Once a sufficient amount of nanofibers membrane was collected, it was
examined under a light microscope.

Room temperature was maintained at 20 degrees Celsius, with humidity levels
between 30-50%12 and a visual representation of the device is displayed in figure 2.

Figure 2 A general diagram of the installed electrospinning device, which includes the following
parts; 1- a rubber band to adjust the flow rate of the mixture from the syringe 2- The mixture
consisting of honey and polyvinylpyrrolidone. 3-The nanofibers that are spun at a distance of 5 cm
between the syringe head and the aluminum foil. 4- The aluminum foil where the nanofibers are
collected. 5- The wires connected between the enhanced power unit and the tip of the syringe needle
and the aluminum foil 6- The power booster unit. 7- A lithium battery is connected with its positive
pole to the positive pole of the power unit and its negative pole to the negative pole of the power unit.
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RESULTS AND DISCUSSION

One of the best results we obtained was from the PVVP 40% mixture with water, its
viscous consistency aided obtaining consistent microfibers and then later enhanced to
produce nanofibers. The polarity of the mixture also played an important role in the
success of the experiment, as was the case for the honey and PVP mixture which gave
similar results3was considered a promising result.

Figure 3 HA/PVA and water solution microfibers, x60 magnification.

Despite the gelatin having a viscous property, its extension and mixing with
hyaluronic or honey reduced its viscosity, resulting in a liquid consistency, and therefore
the experiment was not successful. From results it is shown that the more viscous the
consistency and the higher the charges of the mixture, the greater the chance of obtaining
nanofibers in larger quantities

0 Ladrean” gumie LB e s ol

Figure 4 The white spot on the aluminum foil is nanofibers accumulating from PVVP/Honey mixture 1:1.
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14 The successful PVP/honey mixture was placed 5 cm away from the aluminum

collector as well as other mixtures as shown in figure 4, results are summarized in
Table 1, where a schematic view for several mixtures used to produce nanofibers,
and it compares many parameters to show what mixture gave the best results and the
possible applications of the produced nanofibers.

Table -1 Experiment Results of several mixtures

Solution Cost Diameter :licre:eulred Applications Result
The fibers that were created were

PVP and the development of hydrogels, wound of high quality, however, in order
water affordable ~Nm 5 min dressings, nanofibers/scaffolds, drug, to utilize them effectively in

and gene delivery systems. 15 wound healing, the addition of an

antibiotic is necessary.

They absorb exudates and retain The fibers were at their peak

PVP solution . moisture in the wound bed. Due to the quality and the honey was
affordable ~Nm 15 min , . )

and Honey honey’s low toxicity. the more honey you | included to serve as a powerful

use, the more benefits you get.16 antibiotic.

HA helps cell migration and cell

proliferation and keeps the skin moist

Therefore, HA with gelatin may be
HA and advantageous to prepare scaffolds that
gelatin affordable ~um 20 min can mimic the ECM in terms of N/A
solution topography and chemical composition

because of the inherent properties of

gelatin and the unique characteristics of

the electrospun fibers. 17

The phy51_cal ?nd chemical crosslinks in Microfibers were formed instead

the combination of these two polymers of nanofibers. therefore. it's not
HA and PVA | affordable ~um 5 min yield excellent biomaterial systems that . ) R

. o . : applicable, but remain a
have their applications in various -
. . promising result

engineered materials. 18
Honey and This mix could be used for drug delivery,
gelatin ~um 25 min and to create advanced scaffolds N/A

) affordable . : -

solution in regenerative medicine. 19

In order to test the results further we compared a nanofibers sample of PVP and

honey to the diameter of a human hair, because an electron microscope is not
available in our lab, and the results are shown in figure 5, where the complex of
nanofibers accumulation is immensely smaller that the human hair that has an
approximate diameter of 50 micrometer 2°,
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Figure 5 60x magnification of a human hair compared to the sample of nanofibers (PVP/Honey) shows a
substantial difference in size, knowing that the sample consisted of several lines that was more viewable
while changing the microscope control wheel.

CONCLUSIONS

The results that immerged showed that it is possible to manufacture nanofibers at a
small cost not exceeding $10 and with materials that are highly available in
laboratories, which opens the way for the application of this technology in many
laboratories with a limited budget that wants to develop their nanoscale field, but
further studies and enhancements are required.

Abbreviations

< PVP: Polyvinylpyrrolidone
< HA: Hyaluronic acid

< N/A: Not Applicable
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