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Abstract
The utilization of electrospinning method in drug delivery has been increasingly popular in recent years, with the
ability to incorporate drugs and enhance dissolution; this technique is used to improve the dissolution of poorly watersoluble 6mercaptopurine and. 6-mercaptopurine and poly (vinyl pyrrolidone) solutions were spun using simple
electrospinning technique. Loading efficiency and electrospinning yield were affected by polymer concentration
during the optimization process, as well as nanofiber diameter. The concentration of polymer also affected both the
number of beads formed and the amount of drug released. polymer (PVP) negatively affected the electros pun yield,
but the loading efficiency and in vitro dissolution rate were largely controlled by the PVP content in the optimization
formulas. In addition to reducing the diameter of the fibers, the increased polymer concentrations had a positive
impact on reducing the number of beads. The physicochemical characterization of the prepared formulas indicate that
the drug was found as a molecular dispersion within the polymer matrix or as an amorphous state. In vitro dissolution
studies indicates about 68 ± 4.16 release in less than 2 minutes in HCL solution medium compared to a
negligibledissolution of physical mixture and free drug. From the derived results, the electro spun 6- mercaptopurineloaded nanofibers pave the way for enhance the dissolution for insoluble low bioavailability class II drugs.
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Introduction
Generally, polymeric nanofibers are made through
electrospinning, spinning fibers of diameters
starting from 10 nanometers to numerous 100
nanometers. Since 1934, when the primary patent
on electrospinning was turned into a file, this
technique has been regarded. Electrospinning may
be accomplished from polymer solution or melt.
Most of the posted work on electrospinning have
focused
on
a
solution-primarily
based
electrospinning
rather
than
melt
based
electrospinning (1) , (2). It is due to better capital
funding necessities and the issue of generating
submicron through melt electrospinning. An
excessive voltage creates an electrically charged
polymer solution jet in electrospinning or melts out
of the pipette. (3) The solution jet solidifies or
evaporates and is gathered as an interconnected net
of tiny fibers before achieving the collector. One

NeuroQuantology 2022; 20(8):2239-2261

electrode is located in the spinning solution/melt,
whereas the opposite is hooked up to the collector.
Another thrilling component of nanofibers is that it
is possible to alter their morphology and (inner
bulk) content material and the surface shape to hold
diverse functionalities.
Quick dissolve drug delivery system has become an
important way for drug delivery application as it
enhances solubility of the drug, onset of action (4),
and
bioavailability.
Polymers
like
poly
vinylpyrollidone (PVP), chitosan, poly lactic acid,
poly lactic glycolic acid, and polyvinyl alcohol were
looked at for their biocompatible properties,
stability, and improvement release properties. All of
them
were
tested
for
their
stability,
biocompatibility, and ability to promote the release
of substances (5). Poly vinylpyrrolidone( PVP), a
synthetic polymer that is safe for the human, has
been used in pharmaceuticals for more than 60
years and is still used in now a day.
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6-Mercaptopurine can be used in treatment of
human leukemia and other diseases, like
inflammatory bowel disease, systemic lupus
erythematosus, Crohn’s disease, ulcerative colitis,
and rheumatoid arthritis (6); however,6Mercaptopurine can have a number of adverse
effects on the digestive tract (7), Therefore; 6Mercaptopurine was chosen in colon-targeted drug
delivery system. On the other hand, 6Mercaptopurine is low soluble drug which makes
that is a good choice for electro spun nanofibers
(13). The bioavailability of 6-Mercaptopurine upon
oral administration is limited to only about 16
percent.
Nanofibers have a huge surface area to volume ratio,
which is one of the things that makes them so
unique. They also have a lot of Nano pores and a
three-dimensional web structure (8). There are a lot
of different types of nanofibers can be used in the
pharmaceutical and biological industries. They can
be used for tissue engineering and wound dressings
as well as antibiotics, anti-inflammatory drugs,
chemotherapeutics, vitamin delivery systems, and
more. Nanofibers have been found by scientists to be
useful in many different ways. People have been able
to keep the equation for improving the dissolution of
class II medicines because the Nano fibrous mats
have a lot of surface area and a small diameter.
Many natural and synthetic polymeric matrices have
been researched for use in electro spun nanofibers,
with the goal of improving their performance.
Depending on its individual features, each polymer
is tailored specifically for the final product (9).
Studies on polymers such as chitosan and polyvinyl
alcohol discovered that they were more
biocompatible and had superior release behavior
when compared to other polymers such as (10), Poly
lactic acid, poly lactic glycolic acid poly vinyl
pyrrolidone, chitosan, and polyvinyl alcohol (10). As
a result of the fact that PVP is biocompatible,
degradable, and permitted by the FDA, it has been
used as an excipient in nanofibers for more than 60
years (11). This substance finds use in a wide range
of contexts due to its capacity to form complex
formation and its adaptability in terms of solvent
compatibility and good adhesion properties, among
other reasons. The electro hydrodynamic
atomization (EHA) technique was used to make PVP
easier to dissolute and dissolve more quickly than
before (11,12,13).
It looks at how well 6-mercapyopurine-loaded
polymeric nanofibers work as a system to deliver
drugs quickly, taking advantage of the nanofiber
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benefits that were mentioned above. There are a lot
of studies about how to make polymer electro spun
nanofibers and how to use them, but there is still a
lot of confusion about what factors affect the electro
spun drug-loaded nanofiber characteristics. We
want to make nanofibers with polymer blends and
electro hydrodynamics. Our main goal with this
investigation is to get to this point. This study was
explained how different formulation parameters,
such as polymer concentrations and their
interactions, affect the formation of fibers. Following
optimization, the optimized formulation was tested
for more physical and chemical properties.
Materials and methods
Materials
6 Mercaptopurine and Poly vinyl pyrollidone (PVP
K60, MW = 360,000) were supplied from Jansen
Pharmaceutical (Belgicum). Methanol (High
Pressure Liquid Chromatography (HPLC) grade)
from (Steinheim, Switzerland) and Dimethyl
formamide (chemfine chemicals-Mumbai, India). All
other solvents and excipients used were of analytical
grade.
Methods
2240
Characterization of 6-Mercaptopurine
Determination
of
Melting
point
of
6Mercaptopurine.
The USP method was used to determine the melting
point. A little amount of medication powder was
inserted into a capillary tube to create a compact 6mercaptopurine powder column. The tube was
inserted into the Stuart electrical device. Until the
powder was completely melted, the temperature
was taken and recorded (14).
Determination the λ max of 6-Mercaptopurine.
A solution of 6-mercaptopurine of 0.1 mg/ml
concentration in methanol, HCL solution (pH 1.2)
and phosphate buffer solution (pH 6.8) were
prepared, then scanned by spectrophotometer from
200-400 nm, and the λ max of the d rug was
determined. (14)
Calibration Curve of 6-Mercaptopurine
Calibration curves were generated using drug stock
solutions and series diluted concentrations of
methanol and HCL solution (pH 1.2) (0.1 mg/ml for
methanol and 0.01 mg/ml for HCL solution), as well
as phosphate buffer solution (pH 6.8) the prepared
samples were analyzed spectrophotometrically at
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6MP λ max. The determined absorbance was
recorded and plotted versus the concentration.
Saturation Solubility of
6-Mercaptopurine in
Different Solvents
In order to find the best solvent for dissolving 6mercaptopurine, we tested its solubility in
methanol, dimethyl formamide and dimethyl
sulfoxide, HCL solution (pH 1.2), and a buffer system
(pH 6.8). 6-mercaptopurine was poured into the
vehicles, which were then shaken constantly for 48
hours at 37°C to produce saturated solutions. After
diluting the solutions with methanol and filtering
through a 0.45-mm Millipore filter, a UV
spectrophotometer was used to analyzed the
solutions at 6MP λ max. In order to assess the
solubility of 6MP, three measurements were taken
from each sample and compared to see if the results
were consistent (15).
Preparation of 6-Mercaptopurine Nanofiber
Fiber characteristics can be greatly influenced by
the type solvent used in electro spun fibers
formulation. Dimethyl formamide was chosen as
solvent of choice to solubilize the drug because of its
ability to dissolve 6-mercaptopurine and the
polymers and for rapid evaporation during the
electrospinning process (16). Dimethyl formamide
was mixed with varying amounts of PVP K60 to
achieve the desired results. Adding the medication
to the polymer solution while stirring ensures that
6-mercaptopurine is completely dissolved. To
prevent air bubbles from getting trapped in the
polymeric solution, use a standard 20-mL syringe to
carefully inject the solution. The dispensing tip of
22-gauge was made of stainless steel. During the
experiment, it was connected to a high-voltage DC
power supply's positive polar emission electrode
and the collecting plate was connected to grounding
electrode. A voltage of 23 kilovolts can be
transmitted over a distance of 15 centimeters.
Syringes are used to delivered the prepared solution
at a rate of roughly 1 mL per hour, on average. The
fiber mats are collected from the collector and
placed in a desiccator for further analysis after the
procedure is completed.
Experimental Design
Experimental design is an effective statistical
optimization system obtained by selecting different
relating factors and investigating the response to
collect acceptable data that then analyzed to get
valid and objective conclusions (17). The
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experimental factors also contribute as independent
variables in different levels resulting in the studied
responses defined as the dependent variables to
understand the implications of the factors on the
final preparation (17). The Factorial design is
depending on two factors at three levels full factorial
design that required nine formulations as totally.
When the nine runs completed, the responses
studied
that
include
loading
efficiency,
electrospinning yield, release of the drug at 2
minutes, beads numbers per 10 μm2, and diameter
of fiber were subject for analysis in order to
optimization of the prepared parameters.
Improvement of Nanofiber Composites
In order to compute the percentage of yield, the
amount of solid polymer and active medicinal
ingredients in the electrospinning solution, as well
as the weight of created fibers mats, must be
determined by using equation (1):
% of yield = (amount of collected electrospum mats
/ amount of solids fed in the formulation) × 100
Loading efficiency
Loading efficacy is defined as the percentage of 6mercaptopurine contained in the electro spun fiber 2241
mats compared to the total 6-mercaptopurine
concentration in the prepared solution. By
dissolving precise weight mat in water: methanol
(1:1) solution, the loading efficiency can be
determined. A UV spectrophotometer (Specord,
Japan).
was used to determine that the 6mercaptopurine content present in the prepared
nanofiber at λ max 325 nm (10). Determine the
loading efficiency done by using the following
equation.
%Loading efficiency = (loaded 6-mercaptopurine /
total 6-mercaptopurine added)×100
Estimation of Percentage of Drug Release
6-mercaptopurine in vitro release profile was
determined in triplicate utilizing a USP I dissolution
apparatus (ERWEKA, Heusentamm, Germany) for
various formulations, free drug, and physical
mixtures. Volume of dissolving media is maintained
at 900 mL of HCL solution (pH 1.2) (21). A samples
of formulation in the form of gelatin capsules each
(size 0) containing 50 mg of 6-mercaptopurine were
prepared. At a temperature of 37°C +/-0.5°C, the
baskets rotate at a rate of 50 revolutions every
minute. A 0.22 Millipore filter was used to filter
samples taken through 60 minutes. A
spectrophotometric approach was used to measure
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the drug concentration at 325 nm (18).
Preparation of Physical Mixture
Extensive blending of 6-mercaptopurine and

carriers (PVP K-60) in a glass mortar for 5 minutes
was performed with a drug-to-carrier weight ratio
of 1:20: 25. Desiccators were used to store and
preserve the products for further study (19).

Table 1: Composition of Physical Mixture Capsule
of 6-Mercaptopurine
Ingredients
6-mercaptopurine
Polyvinylpyrrolidone K60
Spray dried lactose
Starch(hydrolyzed maize starch)
Talc powder
Mg stearate
Total weight of tablet

Preparation of 6-Mercaptopurine Nanofiber
Capsules
6-mercaptopurine capsules were prepared by
mixing the 6-mercaptopurine nanofiber composite

Weights (mg)
50 mg
225mg
146 mg
71mg
4 mg
4 mg
500 mg

with spray dried lactose and starch for a period of 10
min. Then talc powder and Mg. stearate was added
and mixed for 5 min. The mixture was filled by using
capsule filling machine (20).

Table 2: Formulation of 6-Mercaptopurine Nanofiber Capsules
Formula
code
F1
F2
F3
F4
F5
F6
F7
physical
F8) pure
drug)

Weight of 6
MP
nanofiber
mg
150
200
250
300
350

Spray
dried
lactose

Weight
of
Starch(hydrolyzed
maize starch) mg

228
196
162
128
94

400
275

62
146

114
96
80
64
48
30

Weight of
Talc
powder in
mg
4
4
4
4
4
4

71

4

4
4

50

294

148

4

4

Evaluation of 6 MP Nanofiber Powder and
Physical Mixtures Powder
Saturation Solubility of 6-MP Composite Nanofiber
and Physical Mixtures
To determine the effect of nanofiber on solubility of
drug, saturation solubility assays were performed
on 6-mercptopurine (pure drug), a physical
combination, and a nanofiber. To prepare 100 mL of
solution, we blended phosphate buffer solution (pH
6.8) with an excess of pure 6-mercaptopurine, a
physical mixture, and nanofiber. The shaker water
bath was required to shake the samples for 48 hours
at 37°C while maintaining a steady vibration.
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Weight of
stearate
powder

Total
weight

4
4
4
4
4

500
500
500
500
500
500
500
500

Following that, the samples were filtered and
suitably diluted before being evaluated using a UV
spectrophotometer at the λ max of 6mercaptopurine (21).
Content Uniformity of 6-mercaptopurine
Nanofiber (F5) and Physical Mixtures.
After weight 50 mg of 6-mercaptopurine powder
and then dissolved in 10 mL of methanol, the volume
was raised to 100 mL with pH 6.8 buffer. Ten
milliliters of this solution were taken and diluted
with buffer solution (pH 6.8) in a standard 100 mL
volumetric flask, as described earlier. A UV–
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spectrophotometer at the drug's λ max was used to
measure the amount of drug present in each formula
(22).
Prefilled Studies of the Prepared Nanofiber (F5)
and Physical Mixture Powder
Before filling the formulations into capsules, many
tests were done to make sure that the chosen
excipients were compatible. X-ray diffractometer,
differential scanning calorimetry and Fourier
transform infrared spectroscopy were three of the
other methods used to look at things. As part of
formula selection, followability tests were also done.
Topologic and Morphologic Characterization
When it comes to studying the nanostructure
nanofiber compositions, the scanning electron
microscope (SEM) (Germany) has been used. The
prepared samples were fixed on to a double
adhesive tape and then vacuum coated by using gold
Cressington sputter coater at less than 0.1 milli bar
pressure and 20 m A. The diameter and distribution
of the fibrous matting are determined by utilizing a
range of fields and magnifications to examine the
nanofiber material (23).
Fourier Transform Infrared Spectroscopy
The results of FT-IR were obtained after creating
potassium bromide discs with wavelengths ranging
from 4000 cm-1 to 500 cm-1 in order to detect drug–
excipient interactions (20). It was used to scan the
pure drug (6-mercaptopurine), polymers, and
physical combination over a resolution of 4 cm-1
and frequency range of 400–4,000 cm-1 using a
Fourier transform infrared spectroscopy.
Differential Scanning Calorimetry
The DSC procedure was used to evaluate the
thermotropic characteristics and thermal behavior
of composite nanofibers, physical mixtures,
polymers, and free drugs. Approximately 5 mg of the
sample was enclosed in the aluminum pans and
heated at a rate of 10 degrees Celsius per minute,
covering a temperature range of 40 degrees Celsius
to 300 degrees Celsius (24).
X-ray Diffractometer (XRD)
Many studies have shown the importance of
polymorphism changes in the medicine, which can
modify the drug dissolution, as well as its
bioavailability.
The
drug's
polymorphism
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modifications need to be investigated as a result.
Samples under inquiry were investigated by use of a
diffractometer for X-ray powder diffraction. A range
of 0–50° (2 θ) in the X-ray direction was observed by
employing a Xe-filled detector and a Cu-target X-ray
tube. The voltage was 40 kV, the current was 30 mA,
and the scanning speed was 1 second were
representing the operation condition. The
crystalline state of materials can be determined
using XRD patterns for composite nanofibers,
physical mixes, polymers, and free medicines (20).
Evaluation of 6-Mercaptopurine Capsules
In vitro Dissolution Studies of 6-Mercaptopurine
Nanofiber
The dissolution of the physical mixture capsules of
selected formula (F3), as well as the pure drug
capsules, and 6-mercaptopurine formulated
capsules (F3) was done to compare the release of
drugs from these formulas. All of these studies were
conducted out utilizing the USP dissolution basket
method, which was previously described. In this
method, dissolving media such as HCL solution (pH
1.2) and phosphate buffer solution (pH 6.8) were
used. The stirring speed was 50 ± 2 revolutions per
minute. 6-mercaptopurine was present in all 2243
formulations at a concentration of 50 mg. Each of the
two mediums included 900 mL volume, which were
kept at 37°C at all times.
Approximately 5 mL of the samples were taken and
filtered through a 0.45-mm Millipore filter at
appropriate intervals (2, 5, 10, 20, 30, 40, 50 and 60
minutes). Because of this, 5 mL of fresh dissolving
solution was added to the mixture in order to keep
the volume consistent. The samples were evaluated
using a UV-spectrophotometer at λ max of 6mercaptopurine, which was used for the
experiment. The drug release of each formulation
was estimated by taking the average of three
individual measurements (21).
Selection of the Best Formula
The release profile of 6-mercaptopurin nanofibers
was investigated and compared to the release
profiles of all comparable drug formulations, after
which the best formula was selected.
Accelerated Stability Study
As a result of PVP's hygroscopicity and nanofibers'
high surface area, stability testing is required before
the formulation is made accessible for commercial
use." 60-mercaptopurine electro spun composite
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fibers with the equivalent weight of 50 milligrams of
6-mercaptopurine were deposited in glass vials for
ninety days at 40 degrees Celsius plus or minus five
degrees Celsius and 75 percent relative humidity
(RH). Based on SEM images and in vitro release
profiles, as well as drug content analyzed by HPLC
for the detection of degradation products, it was
concluded that the enhanced formulation was safe
to use even after being exposed to accelerated
storage conditions.
Results and Discussion
Characterization of 6-Mercaptopurine
Determination of Melting Point

There is no evidence to suggest that 6mercaptopurine powder is less pure than the
previously reported melting point range of 313 C.
Determination of λ max of 6-mercaptopurin
The UV scan of 6-mercaptopurine in methanol
(Figure 1) revealed a maximum at 325nm, which is
close to the previously reported value, however the
UV scan of 6-mercaptopurine in HCL medium (pH
1.2) revealed a maximum at 312nm, which was
selected as the previously published value. The UV
scan of CC in buffer medium (pH 6.8) with (Figure
3) revealed that the maximum wavelength was 332
nm, and the wave length of 255 nm was selected for
further analysis.

2244

Figure 1:- UV spectra of 6-mercaptopurine in methanol
.

Figure 2:- UV spectra of 6-mercaptopurine in HCL solution (pH 1.2) .
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Figure 3:- UV spectra of 6-mercaptopurine in phosphate buffer solution (pH 6.8)
Construction of Calibration Curves
Figures (4-6) illustrate the calibration curves for
absorbance versus concentration, which were
generated by graphing absorbance versus
concentration for methanol, acidic medium and

buffer medium, respectively. Given enough data and
a high correlation coefficient of 0.999, the BeerLamberts equation was found to be well-confirmed
for the experimental concentration range under
consideration.

2245

Figure 4:- Calibration curve of 6 Mercaptopurine in methanol.

Figure 5:- Calibration curve of 6-Mercaptopurine in HCL solution (pH 1.2)
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Figure 6:- Calibration curve of 6-Mercaptopurine in buffer solution (pH 6.8)
Saturation Solubility of 6-Mercaptopurine in
Different Solvents
In a table, the 6-mercaptopurine solubility in several
solvents was listed (9). In order of increasing
solubility, the following is the ranking:
DMF (dimethyl formamide) > DMS (dimethyl
sulfoxide)> Methanol > Buffer media (pH 6.8) >

Water > HCL solution (pH 1.2). The hydrophobic
interactions between the medication and the liquid
vehicle molecule may be the cause of the drug's 2246
increased solubility in Dimethyl formamide (25).
Solubility of 6-mercaptopurine was increased by
increasing the pH of the solution. This is because 6mercaptopurine is a slightly basic medication with a
pKa of 7.7.

Table 3: Saturation Solubility of 6-MP in Various Solvents
solvent

Solubility(mg/ml) ±S.D.*

water
HCL medium pH(1.2)
Buffer medium pH(6.8)
methanol
Dimethyl sulfoxide
Dimethyl Formamide

0.0082±0.002
0.0069±0.003
0.032±0.004
0.35±0.064
4.74±0.21
4.93±0.11

Formulation of the Composite Nanofibers
It is necessary to use a certain polymer mix and
solvent to create nanofibers that carry medicines
(26). Electrospinning requires solvent compatibility
with other materials, as well as the capacity to
dissolve medications and polymers and maintains
continuously electrospinning character (27).
Several polymers, including PVP, can be dissolved in
Dimethyl Formamide, which serves as an excellent
solvent for the pharmaceutically active component
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(9).

The low toxicity, hydrophilicity, and physiological
compatibility of a substantial matrix-forming
polymer were important considerations in the
selection process. When it came to the primary
matrix-forming polymer, polyvinylpyrrolidone
(PVP) was employed because of its ability to create
fibers (28). Physicochemical features, such as high
molecular weight, mucoadhesive capabilities, and
others physicochemical properties, make PVP a
popular choice in the pharmaceutical industry. It has
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been commonly employed as part of the solid
dispersion technique to increase the dissolving rate
of medications that are poorly soluble in water (29).
. In this experiment, the nanofibers were created by
electrospinning by using of Dimethyl formamide as
a suitable solvent to dissolve the drug and PVP
polymers and get transparent solution for all
formulation and were able to form nanofibers upon
electrospinning (30).
Optimization of the Electro spun Nanofiber
Electro spun Nanofiber Yield
Electrospinning is a fast and simple method for
creating Nano fibrous mats because it only requires
one step. Because of its ease of use and wide range
of applications, such as pharmaceutical and
cosmetic, as well as other industrial systems, the
system is becoming more and more popular (31).
The core-sheath systems, which can improve drug
solubility while simultaneously controlled a drug
release, are also notable for their vast spectrum of
active medicinal compounds (32). In order to
properly utilize the one-step principle of
hydrodynamic atomization, one must first grasp the
linkages between process and formulation
components. Fabrication features of final mat such
as fiber morphology and diameter, as well as fiber
formation, have an impact on product yield and drug
loading efficiency.
The yield of Nano fibrous mats, as measured as a
percentage of the total solid added to the feed and
recovered following the electrospinning process on
the collecting disc, was found to be affected by
increasing the concentrations of polymers PVP
added to the formulation in an experiment with two
independent variables. In order to determine the
amount of electro spun yield based on recovered
fibrous mat gathered, the percentage of electros pun
yield must be computed. Table 4 shows that the yield
ranged from 52% to 89%. According to the results of
an ANOVA analysis, the factors that were examined
account for 88 percent of the variation in the yield
(R2 of 0.9073) due the previous studied factors with
a p value < 0.0192
According to the findings of an ANOVA test,
independent variables have an impact on collector
yield while doing electrospinning process. Low PVP
concentrations were found to have a decreased
viscosity, making it difficult to maintain a
continuous flow of solution out of the
electrospinning needle, which impeded the creation
of fibers in the experiment lead to decrease the yield
of nanofiber. An increase in PVP content decreased
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mat yield due to feed solution viscosity, resulting in
droplet loss and polymeric solution leakage before
electrostatic fibers were formed.
Drug loading efficacy
The drug loading is a main challenge after
manufacturing of a Nano fiber as it may affect the
physicochemical properties of the fibers.
Additionally, the estimation of drug loading is
important for the estimation of the therapeutic
efficiency of the fibrous mats (33).
The loading efficacy of the nine formulas was
studied to determine the incorporation capability of
the loaded fibrous mats to entrap the medication.
The data indicate highly loading efficiency between
83% and 88% as illustrates in Table 4, which
confirm the professional loading of 6mercaptopurine in the prepared nanofibers.
The results of loading in Table 4 confirm that there
is no significant effect of the PVP concentration on
them drug loading. The explanation may attribute to
the number of PVP molecules which can cause a
steric hindrance to the drug loading due to the high
increase in the interaction between molecules.
The Drug Release Percentage within 2 minutes
A drug in solid dosage form must be dissolved in a
suitable media before it can be absorbed into the
bloodstream. To ensure that the medicine is
released, every novel solid dosage form must
undergo dissolution testing under controlled
conditions. An in vitro investigation will be
conducted to determine a relationship between oral
absorption and bioavailability (21). When
pharmaceutical
formulations
are
properly
constructed, they provide a rapid and complete
profile of drug release. According to Table 4, drug
release in 2 minutes ranged from 57% to 68%
depending on the parameters used, demonstrating
that the in vitro settings had a considerable impact
on drug release (p-value 0.025S). When the
concentration of PVP is raised, the release rate
increases within two minutes.
The enhancement of 6-mercaptopurine release rate
from formulated nanofibers can be explained by the
amorphous nature of the PVP as well as the
hydrophilicity (34).
A second interpretation proposes that the
supersaturated PVP in the prepared nanofiber
caused the polymer chains to gel upon instant
wetting, inhibiting drug release from the Nano
system (35).
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Flaw Free Nanofibers Formation
The hydrodynamic atomization process is plagued
by the creation of defective nanofibers, which are
essentially beads in nature. Electrospinning settings
and formulation parameters can influence when the
process transitions from beads to uniform
nanofibers. Despite this flaw, the polymer content,
which regulates the formulation's viscosity, is the
most crucial factor to consider. Low concentration
of polymer causes low density of fiber thus beads to
produce at random times (33).
As shown in figures (7-15), a photomicroscopic
analysis of multiple formulations yielded data that
can be used to evaluate fiber shape, diameter, and
surface qualities. Different-sized and many-beaded
nanofibers in a variety of topologies can be seen in
the electron micrographs of the three formulations
(figures 7,8 and 9). The beads number of every
formulation per 10 μm2 of surface area of the
formed fiber mats as shown in Table 4 indicating the
important of concertation of the polymers for an
optimal nanofibers formation.
The ANOVA was used to evaluation the number of
beads (R2 = 0.9494) present in the formulated
nanofibers revealed a statistically significant pvalue < 0.0087, thus indicate the importance of the
independent parameters on the studied response.
There is only one explanation for the decrease in the
production of beads: an increase in the viscosity of
the formulation. In all formulations involving 10%
PVP, adding 2.5 percent PEO reduces the quantity of
beads produced by half, and adding 5 percent PEO
further reduces the rate at which the beads are
produced by a further third. Increasing PVP
concertation from 10 percent to 20 percent, on the
other hand, resulted in a considerable reduction in
the production of beads, with no beads present at
the formula 5 level. This could be due to the fact that
the viscosity and surface tension were both
improved as a result of the presence of PEO (36). In
the current experiment, it was discovered that beads
of various sizes may be formed at low polymer
concentrations. In proportion to the increase in

polymer concentration, the amount and size of
beads reduced, and smooth nanofibers were created
in their place. Surface tension and viscosity are in a
constant battle for control over the flow of the fluid.
A surface tension-over-viscosity imbalance occurs
when low amounts of polymer are present, resulting
in the formation of beads. Once this force has been
overcome, it is possible to produce homogenous,
smooth nanofiber structures (37).
Composite Nanofibers Diameter
The conversion of polymer solution into fine fibers
is the most significant aspect of fiber manufacture.
Polymers with diameters ranging from 3 nm to more
than 1 μm have been electro spun into ultra-fine
fibers. According to the academic literature. When
producing polymer fibers, it is critical to keep an eye
on their diameter and homogeneity (38). The
amount of polymer contained in the fluid jet controls
the diameter of the fibers in the most significant way
when it is solidified or evaporated (39).
The concentrations of PVP and PEO in this
experiment are predicted to have an effect on
nanofiber diameters. The nanofibers depicted in the
figures below ranged in size from 303 to 987 nm.
The ANOVA revealed that the concentrations of PVP 2248
and PEO had a significant impact on fibers diameter
(p = 0.0078). An R2 score of 0.9263 or higher
indicates that the model can explain well more than
96% of the total variation.
The ANOVA findings show that each of the
independent factors had a significant effect on fiber
diameter. A reduction in polymer concentration
prevents uniform fibers formation, resulting in a
wider range of nanofiber diameters at lower
polymer concentrations, whereas the diameter
ranges best indicated by formulas 4 and 5 grows
with an increase in polymer concentration (389 nm,
303 nm). When the polymer content in the
electrospinning solution changes, so does the
solution's viscosity, affecting its surface tension and
conductivity (40).

Table 3: Formulation and evaluation of composite nanofibers of 6-mercaptopurine.
Formula

PVP
concentration
%(w/v)

Percentage
of yield

Loading
Efficiency
(%)

Number
of beads

Diameter
% in vitro
of
fiber release at 2
(nm)
minutes

10
15

78 ± 2.12
82 ± 2.32

88 ± 3.32
86± 3.42

32±5
17±5

509±73
389±53

code
F1
F2

eISSN 1303-5150

57 ± 6.88
62 ± 4.16
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F3
F4
F5
F6

20
25
30
40

89 ± 1.22
84 ± 3.88
68 ± 4.88
52± 2.52

88± 2.42
82± 3.42
88± 4.42
83 ± 3.12

Characterization of Morphologic and Topologic
of Nanofiber
Scanning Electromicroscopic Examination (SEM)
Photomicroscopical analysis of the optimized
formulation was examined to identify nanofibers
diameter, morphology, and characteristics of
surface as shown in Figures (7-12). Scanning
electron microscopy of the prepared formulation
represent these nanofibers, which have a smooth
cylindrical surface and no visible beads,
demonstrate a continuous filament. For drug-loaded
textiles, the production of homogenous nanofibers is
necessary. A suitable photomicroscopical formation,
as illustrated in Figures (7-12), was examined to
evaluate the nanofiber shape, diameter, and surface
properties.
Electro
micrographs
of
new

6
0
0
0

389±53
68 ± 4.16
619± 3.22 64± 3.16
819± 5.42
67± 3.16
1225±8.72 65± 3.42

formulations show cylindrical nanofibers with a
smooth surface but no visible beads. This supports
the production of a continuous filament. The ability
of
drug-loaded
preparations
to
produce
homogeneous nanofibers suggests that the
medication had no influence on the development of
PVP fibers, at the used concentrations, which is
consistent with the study's findings. The new
formulation's fibers surfaces were devoid of
crystalline material because the drug was integrated
into the carrier matrix during the formulation phase.
Following the transformation of the medication into
an amorphous form or the inclusion of 6mercaptopurine molecules as a solid solution or
solid molecular dispersion on the surface of PVPbased nanofibers, a similar occurrence was seen
(41).
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Figure 7: A scanning electron image of electro spun loaded 6-mercaptopurine nanofibers
formulation, F1, demonstrating the diameters of the fibers
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Figure 8: A scanning electron image of electro spun loaded 6-mercaptopurine nanofibers
formulation, F2, demonstrating the diameters of the fibers

2250

Figure 9: A scanning electron image of electro spun loaded 6-mercaptopurine nanofibers
formulation, F3, demonstrating the diameters of the fibers

Figure 10: A scanning electron image of electro spun loaded 6-mercaptopurine nanofibers
formulation, F4, demonstrating the diameters of the fibers

eISSN 1303-5150
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Figure 11: A scanning electron image of electro spun loaded 6-mercaptopurine nanofibers
formulation, F5, demonstrating the diameters of the fibers

2251

Figure 12: A scanning electron image of electro spun loaded 6-mercaptopurine nanofibers
formulation, F6, demonstrating the diameters of the fibers
Differential Scanning Calorimetrical Analysis
(DSC)
An electro spun mat made from 6-mercaptopurine
nanofiber composites was examined by DSC for its
solid state. The crystalline behavior of free 6mercaptopurine is demonstrated in Figure (16) by a
single strident endothermic peak at 187.20 °C with
an enthalpy of fusion of 98.78 J/g. There is only one
sharp endothermic peak (19). Dehydration of the
polymer chain may have contributed to PVP's broad
endotherm, which was observed at 120.73°C (41).
Although the characteristic endothermic peak of 6mercaptopurine was clearly indicative of a

eISSN 1303-5150

crystalline form in the physical mixture,as well as
the, characteristic peak of PVP was represented.
Thermal investigation of the optimized formulation
(F3) shows a PVP peak and no sign of the 6mercaptopurine typical endothermic peak. The
drug-enhanced solubility might be attributed to the
presence of 6-mercaptopurine in a molecular state
dispersed inside the carrier or the shift of 6mercaptopurine into an amorphous state (26). The
crystallinity of the drug can be manipulated to make
it more amorphous in order to increase
bioavailability. Because of the high internal energy
that has been preserved in the amorphous form,
solubility has increased (21).
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Figure 13: DSC Thermograms of .6-mercaptopurine
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Figure 14: DSCThermograms of Polyvinylpyrrolidone .
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Figure 15: DSC Thermograms of Physical Mixture .
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Figure 16: DSC Thermograms of Selected Formula (F3)
X-ray Diffractometric Analysis
The physical properties of the drug in the final
formulation of the drug is critical for achieving the
desired release pattern (9). In this study, the
physical parameters of the final formulation were
determined using an XRD analysis of 6mrcaptopurine and other polymers. Figure 21

eISSN 1303-5150

depicts 6-mercaptopurine X-ray diffractometric
(XRD) reflections, which exhibit many distinct peaks
demonstrating the drug's crystalline shape at 11.76
°, 14.59 °, 23.52 °, 25.84 °, and 27.57 °. PVP polymer's
X-ray diffraction profile exhibits a diffuse backdrop
with two halo diffractions, indicating that it is
amorphous in nature (42).. As illustrated in Figure
24, the PVP hump in the X-ray powder
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diffractometer for the optimized formulation (F3)
reveals that the 6-mercaptopurine crystallinity in
the mat has been totally transformed to amorphous
or molecular state, as previously mentioned. This

was shown in the X-ray powder diffractometer for
the formulation F3. It appears that the DSC results
and the XRD data are in agreement, according to the
results of the DSC.
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Figure 17: X-ray powder diffraction of 6-mercaptopurine.
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Figure 18: X-ray powder diffraction of polyvinyl pyrrolidone
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Figure 19: .X-ray powder diffraction of Selected formula F 5
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Figure 20: X-ray powder diffraction of Physical mixture of formula 5.
FTIR Spectroscopy
For the finished product to have stable, high-quality
nanofibers, the medication must be compatible with
the polymers in the formulation. Hydrogen bonding,
hydrophobic interaction, and electrostatic contact
are all examples of second-order interactions that
might affect compatibility (42).
Two components (6-MP and PVP), physical mixing,
and the optimal formulation (F3) are depicted in
Figures (21- 25) using FTIR spectra. An absorption
band in 6-mercaptopurine spectrum at 3095 cm-1
shows N-H stretching of the secondary amine; a
sharp band with 3,003 cm-1 indicates C-H aromatic
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stretching; 1614.42 cm-1 indicates C=N stretching;
1577 cm-1 and 1471 cm-1 indicate the hetero
aromatic ring C=C stretch. One can see in the PVP
spectrum the stretching vibrations of carbonyl
(C=O) at 1,656 cm-1 and of C-H stretching at 2,960
cm-1. Similar to the DSC that shows a very broad
band, confirming the presence of water, a broad
endothermic peak at 3,284 cm-1 was detected (44).
The characteristic bands of selected formula (F3)
and PVP are clearly visible in physical mixture that
also exhibit no significant changes in the optimized
formulation's peaks (F3). The pattern of both
optimized formulation and physical mixture shows
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that there is no interaction between the polymers
and the drug. DSC and XRD measurements support

this conclusion.

Figure 21: FTIR Spectroscopy of 6-Mercaptopurine (free drug)

2256

Figure 22: FTIR Spectroscopy of Polyvinylpyrrolidone

Figure 23: FTIR Spectroscopy of Physical mixture
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Figure 24: FTIR Spectroscopy of Selected Formula (F3)
In vitro Drug Release
In order to assessment the dissolution properties of
the optimized 6-mercaptopurine loaded composite
nanofibers (F3), estimation of 6-ercaptopurine in
vitro release from free drug, optimized formulation
and physical mixture have been done in time
interval of 60 minutes at 37°C in 900 ml 0.1 N HCL
and buffer system (pH 6.8). During the first two
minutes after administration, the 6-mercaptopurine
optimized formulation released 68 percent of the
medication, but the physical mixture released only 5
percent of the medication and had no free drug
release in 0.1 N HCL dissolution medium. It took less
than two minutes for the 6-mercaptopurineoptimized formulation to release most of its active
ingredient (84%) in buffer system, whereas the
physical mixture released only 9 percent and
included no free medication.
During the period of 60 minutes, the nanofibers of
selected formula (F3) was able to release the
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medication in a complete and rapid pattern, while
the formula of physical mixture reached a maximum
of 32% while free drug release rate was 14 percent
only in 0.1 N HCL dissolution medium as illustrated
in Figure 25 ;While , compared to the buffer system
the selected formula of nanofibers (F3) was able to
release the 6-mercaptopurine in very rapid pattern,
and in the physical mixture, a maximum release was 2257
45% while the free drug release only 24% as
illustrated in Figure 25
It has been demonstrated that the hydrophilic
nature of PVP polymer, as well as the large surface
area of nanofiber permit increase in wettability and
improve dissolution; as well as, the conversion of the
6- mercaptopurine during electrospinning process
into amorphous state or its molecularly dispersed
within the nanofibers which additionally enhances
the release and dissolution of the medication , all
lead to improved dissolution rate of a drug from 6mercaptopurine loaded composite nanofibers (F3)
(34).
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Selected formula
Physical mixture
Pure drug

Figure 25: The release profile of 6-mercaptopurine selected composite nanofibers electro spun
formulation F3 at 37 0.5°C in 0.1 N HCL in contrast to the physical mixture and the pure drug.

2258
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Figure 26: The in vitro release profile of 6-mercaptopurine selected composite nanofibers electro
spun formulation F3 was compared to that of a physical mixture and a pure drug when heated to
370.5°C in buffer pH 6.8, respectively.
Stability Studies
As indications for the composite nanofibers stability,
in vitro drug release and morphological
characteristics were tested at accelerated storage
settings of 40°C ± 0.5°C and 75% ± 0.5% relative
humidity for the optimized formula (F 3). The
findings demonstrated that the nanofiber
composites were stable under these conditions.
Optimized formulation (F3) showed that the
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composite nanofibers were physically stable under
the stress conditions assessed in this study after
three months of testing (Fig. 27). Freshly prepared
samples released 68% of their drugs within 2
minutes, as shown in Figure 27, but stored samples
released 66% of their drugs during the first 2
minutes. Based on the results, the new formulation
is stable and does not lose a significant amount of
medication during Storage time.

www.neuroquantology.com

NeuroQuantology | May 2022 | Volume 20 | Issue 8 | Page 2239-2261 | doi: 10.14704/nq.2022.20.8.NQ44246
Ahmed A. A. Alsaad et al / Poly (Vinyl Pyrrolidone) Nanofiber as Fast Oral Drug Delivery of 6-Mercaptopurine

120
100
80

Fresh selected
formula (F5)

60

Three months
stored selected
formula (F5)

40
20
0
0

.

10

20

30

40

50

60

70

Figure 27: in vitro release of 6- mercaptopurine-loaded nanofibers formulation (F3) after 90 days
of storage at 40 ±0.5°C and 75±0.5 % RH.
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Figure 28: scanning electron microscopic image of 6- mercaptopurine-loaded nanofibers
formulation (F3) after 90 days of storage at 40 ±0.5°C and 75±0.5 % RH.
Conclusion
The creation of a 6-mercaptopurine-loaded
composite nanofiber mat was accomplished by the
application of an electrohydrodynamic atomization
technique by using of PVP polymer. The refinement
of morphology indicates a homogenous assembly of
nanofibers, which is consistent with previous
findings. Several types of nanofibers have been
developed and are now being investigated, including
those with high loading efficiency, quick drug
release, and a suitable diameter. The predictive
ability of the mathematical model that was produced
has been proven by optimization of the formulation
and point analysis of the data. The better
formulation employs physicochemical analysis to
detect whether the medicine is in an amorphous
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form or a molecular dispersion within the
nanofibers.The formulation fared well in an
accelerated stability test that lasted three months. It
has been demonstrated in this study that 6mercaptopurine nanofibers have the potential to be
used as an effective oral drug delivery technology
and bioavailability enhancer for oral administration
in the future.
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