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ABSTRACT: Enoxolone is a pentacyclic triterpenoid observed from Glycyrrhiza glabra and it has an
antibacterial, antiviral and antifungal effects. However, enoxolone (ENX) has low oral bioavailability due
to a first pass metabolism effect in the intestinal tract, poor intestinal permeability. The aim of this study
was to develop the PVP based orodispersible films (ODFs) containing ENX by electrospinning and solvent
casting methods and to compare in terms of their credibility for orodispersible delivery of ENX through a
variety of in vitro and physical investigations. Physical properties such as thichness, weight variation, tensile
strength, Young's modulus and elongation at break were investigated. Moreover, the in vitro release profile
of ENX from prepared films were characterized in this study. The morphological structures of the prepared
film formulations were examined under scanning electron microscope and the interaction between the ENX,
film and PVP were determined by the FTIR spectroscopy.DSC analysis was performed to understand the
thermal behavior of formulations and components. The results obtained proved that the electrospinning
process can be used to produce ODF formulations with lower disintegration time (~4.52 min), lower
diameter (=218.5 nm) and acceptable mechanical strength (<370.55 MPa). The preliminary results as a proof-
of-concept demonstration reported here will shed a new light on the future design and application of ODFs
by electrospinning method.
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1. INTRODUCTION

Many recent research is focued on benefits of natural products for human health. Natural compounds
and their extracted purified biologically active compounds demostrate varous pharmacological effects, such
as antifungal, antibacterial an antioxdant activity [1]. Enoxolone also known as glycyrrhetinic acid (GA) is a
pentacyclic triterpenoid extracted from Glycyrrhiza glabra which has an antibacterial, antiviral, and antifungal
effects [2,3]. Recent studies have proved that enoxolone is able to carboxylate the DNA replication ans inhibit
producing microbial toxins and enzymes [4]. However, the high hydrophobicity and low bioavailability of
this compound limits the pharmacological effect [5]. The limitations can be controlled by nanocarriers using
different kind of polymers [6].

Drugs can be administred in various administration routes, but due to ease of administration and high
patient compliance the most common one is the oral route. On the other hand, the oral route has some
disadvantages such as dysphagia, lower bioavailability, long onset time and it is not suitable for geriatric,
pediatric patients and who has a difficulty to swallow. Nowadays is increasing intrest to produce of new
delivery systems to diminish these current disadvantages of orally administrated drugs. Fast-dissolving
delivery systems are rapidly gaining interest in the pharmaceutical industry. Moreover, the consumers’ interst
in the fast-dissolving film has increased recently, due to the advantageus properties of these dosage forms
such as rapid disintegration and enhanced dissolution rate, self-administration. Recently, the different kind of
the bioadhesive mucosal dosage forms have been produced including, adhesive tablets, gels and polymeric
films that is also known as mouth dissolving films [7,8].

The main advantages of fast dissolving drug delivery systems are disintegrated or dissolved within a minute,
simply placed on the patient’'s mucosal tissue or tongue. Furhermore, these dosage forms offer specific
advantages, including ease of transport, accurate dosing, acceptable taste, handling and rapid onset of action.
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The orodispersible films can be produced by several methods such as solvent-casting and electrospining
methods [8]. However, thin film produced by solvent-casting method has some drawbacks such as the
necessity of using plasticizers, which may be subjected to scrutiny for their enviromental hazards and toxicity
also for increasing the cost of the final product [9]. Electrospinning is gained an interested as alternative to
solvent casting technique due to several main advantages. The produced amorphous fibrous film has
enhanced plasticity and flexibility, without using pasticizers and significantly higher surface areas in
comparison to films produced by solvent-casting method [10,11]. Moreover, this method also offers high
encapsulation efficiency, as there is no loss of drug during the preparation [12]. There are different kind of
polymers could be used for producing the nanofibrous film formulations among it, the polyvinylpyrrolidone
(PVP), polycaprolactone and polyvinyl alcohol (PVA) are commonly used. These polymers provide good
mechanical properties, stability in the body, good flexibility properties [13]. Moreover, the PVP has proved
due to its acceptable level of toxicity and biocompatibility [14].

The objective of this study was to develop the PVP based orodispersible films (ODFs) containing
enoxolone (ENX) by electrospinning and solvent casting methods as well as compare in terms of their
credibility for orodispersible delivery of ENX through a variety of in vitro and physical investigations. The
initial work focused on preparing and characterizing physicomechanical properties such as disintegration, in
vitro dissolution, Young’s modulus, elongation at the break and tensile strength, thichness, weight variation
and morpholocial examination. The interaction between the polymer and ENX was determined by an FTIR
method. DSC analysis was performed to understand the thermal behavior of formulations and components.

2. RESULTS AND DISCUSSION
2.1. Viscosity and Thickness

Viscosity measurements of both film and nanofiber (NF) formulations were made before solvent-casting
and electrospinning processes. No statistically significant difference was observed between the solutions
which viscosity was measured (p > 0.05) (Table 1). It has been proven that the data on the obtained viscosities
(for both film and) are similar to those of other studies [14,15].

As seen in Table 1, the thickness of film formulations is around 73-74 um, while the thickness of NF
formulations is around 46 pm. Studies show that the thickness of film formulations can be change between 10
-110 um [15,16]. In studies with nanofiber formulations, it is seen that this thickness changes as 32.4 - 74.6 pm
[17]. There were no significant differences between to unloaded and loaded formulations both of film and
nanofiber formulation, it was determined that the film formulations were statistically thicker than the
nanofiber formulations (p<0.05). It is thought that the reason for this is due to the increase in the attraction
force applied by the polymers to each other depending on the electrical field application used during the
preparation of nanofiber formulations [18].

2.2. Weight variation

As a result of the weight variation studies performed with the formulations, the appropriate results
were obtained with the USP Pharmacopeia (< 10% deviation) [19]. Weight variation values were found to vary
between 2.18 and 1.89 mg. There was no statistical difference between formulations (p > 0.05).

2.3. In vitro disintegration study

Data obtained from various studies give the disintegration time between 20-60 seconds for film
formulations, while this time is between 2-30 seconds for nanofiber formulations [20,21]. The results obtained
proved that there is a linear proportionality between the thicknesses of the formulations and the disintegration
times [22]. It was determined that film formulations were statistically degraded in a longer time than the NF
formulations (p<0.05). Both film and nanofiber formulations have been confirmed to break down within the
times specified in reference studies.
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Table 1. Thickness, weigh variation and disintegration time of films and NFs

Formulations Weigh variation Viscosity (cP) Thickness (um) Disintegration time (sec)
(mg)
UL-NF 1.89 £ 0.01 21.097 £ 0.911 46.29 +2.05 419+£0.37
L-NF 211 £0.01 21.135+1.424 47.02+1.49 4.86£0.73
L-F 213 £0.03 19.503 +1.005 74.28 £2.27* 17.33 £2.04*
UL-F 218 £0.02 19.218 +£1.329 73.71 £1.18" 16.23 £1.16*
* It shows that it is statistically different from the others (p < 0.05)

UL-F : Unloaded film formulation

UL-NF : Unloaded nanofiber formulation

L-F : Loaded film formulation

L-NF : Loaded nanofiber formulation

Figure 1 shows that disintegration steps of the NF formulation prepared by the electrospinning method.
It was determined that NF passed from the A stage to the C stage in 2.8 seconds, and it was proven that the
speed of disintegration was evident.

Figure 1. Disintegration steps of NF formulation

2.4. Morphological examination

It has been determined that there is a smooth appearance in general in the SEM images of the film
formulations and this appearance is compatible with the reference articles. In the SEM images of the nanofiber
formulations, it was observed that the results were compatible with the reference articles prepared using PVP
[23,24], while the mean diameters of the UL-NF and L-NF formulations were found to be 216.3 + 12.3 and 221
* 9.5 nm, respectively. It was concluded that there was no statistically significant difference between the
diameters of the UL-NF and L-NF formulations (p > 0.05).

SgralA=SE1  Date 10 Feb 2022
Mag= 250KX  Time 1057:27

Figure 2. SEM images of film and NF formulations (1: UL-NF, 2: L-NF, 3: UL-F and 4: L-F)
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2.5. Texture Properties

For film and NF formulations, the tensile force and Young's modulus were calculated as a result of the
texture profile (Table 2). The fact that the tensile strength of the film formulations is higher than that of the NF
formulations indicates that they are more rigid [25]. These values are also compatible with the disintegration
times. In addition, Young's modulus also increases with the increase in fragility value [26]. The fact that the
increase in brittleness value is statistically higher in film formulations than in NF formulations (p < 0.05)
proves that the elasticity of film formulations is lower than NF formulations. In addition to all this information,
when the same type of formulations (Unloaded and loaded) was compared in terms of texture properties, it
was determined that there was no statistical difference (p > 0.05).

Table 2. Texture profiles of films and NFs

Formulations Tensile Strength (MPa) Young's Modulus (MPa)
UL-F 56.29 +1.18" 1329.25 + 33.09*
UL-NF 12.95+2.15 357.39£7.51
L-F 54.35 £ 13.16* 1285.04 + 27.43*
L-NF 12.28 £1.04 383.71 £8.13

* It shows that it is statistically different from the others (p < 0.05)
UL-F : Unloaded film formulation

UL-NF : Unloaded nanofiber formulation

L-F : Loaded film formulation

L-NF : Loaded nanofiber formulation

2.6. Thermal behaviour

DSC analysis was performed to understand the thermal behavior of formulations and components. It
was observed that enoxolone gave a single endothermic peak at 296.54 °C, as determined from the reference
articles [27]. As stated in the studies performed with PVP, it was observed a thermogram with 2 endothermic
peaks between 150-170 °C (mean 159.2 °C). Glycerol proved to have no crystalline or amorphous formations,
resulting in a smooth thermogram. Another remarkable point was that the addition of glycerol caused a
statistically significant decrease in melting temperature compared to PVP (p < 0.05). The melting temperatures
of the UL-F and UL-NF formulations were determined as 133.25 °C and 138.72 °C, respectively. It can be said
that the reason for this is demonstrated by the lower melting behavior of the formulation by stretching the
covalent bonds with the addition of added glycerol [28].

Finally, a statistically significant increase in melting degrees were observed with the addition of
enoxolone compared to formulations without drug load (p < 0.05). Melting degrees of L-F and L-NF
formulations were determined as 161.33°C and 165.49°C, respectively; it was determined that there was no
statistical difference among them (p > 0.05). The reason why increases the melting temperature of enoxolone
loaded formulations is thought to be due to the fact that crystallized molecules remain in the formulation due
to its rigid structure [29]. In addition, the endothermic peak observed at 296.54°C for enoxolone disappeared
in all drug-loaded formulations (L-F and L-NF), which is evidence of complete amorphization of the drug in
film formulations.

http://dx.doi.org/10.29228/jrp.216
J Res Pharm 2022; 26(5): 1242-1251

1245



Baranauskaite-Ortasoz and Uner Journal of Research in Pharmac
Enoxolone loaded orodispersable film and nanofiber formulations Research Article

2000 — \/’

1500 w —ENX

1000

3 ——PVP
3 GLY
o
o= UL-F
=)
©
(7]
I

—_—T —L-NF
500 \/

0 50 100 150 200 250 300 350

Temperature (°C)
Figure 3. DSC Thermogram of films, NFs and components (ENX: Enoxolone, GLY: Glycerol)

2.7. Fourier Transform-Infrared (FT-IR) Analysis

In the FTIR analysis performed by operating in transmission mode, the specific vibrations of the -COOH
group of enoxolone are observed in the 1733 cm! band in pure enoxolone [30]; It was determined that in L-F
and L-NF formulations, these spectra shifted to 1791 cm? and 1803 cm? bands. It has been noted that
vibrational bands originating from the aliphatic -OH group, which is specific to glycerol, are seen between
2800-2600 cm! and UL-F and L-F formulations give spectra in this band range. These values have been proven
to be compatible with similar studies [31,32].

It has been determined that vibrational bands belonging to the aromatic C-N group specific to PVP are
seen at 1302 cm and this is consistent with similar studies [33,34]. In all formulations which containing PVP,
bands belonging to this group shifted to 1411 cm?, 1432 cm?, 1428 cm? and 1446 cm? for UL-F, UL-NF, LF
and L-NF formulations, respectively.
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Figure 4. FTIR spectrum formulations and ingredients (ENX: Enoxolone, GLY: Glycerol)
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2.7. In vitro dissolution study

The dissolution profile of a dosage form is a crucial for predicting the in vivo action of an active
pharmaceutical agent. The dissolution profile of L-F and L-NF formulations films (the size of the film was 2 x
2 cm? and one film mass was 1.2 g) was shown in Fig. 5. The concentrations were determined by extrapolation
of the calibration curve and the graph of present release over time was plotted. Formulation L-NF exhibited
the highest initial burst release of about 96.9% within 1 minute. All formulations released entire drug up to
the 8 th min (p < 0.05). In Figure 5, it was seen that the initial rapid release of the formulations was due to the
explosion effect due to elution from the outer surface of the film matrix. It can be said that the reason why this
effect creates a statistically significant difference in L-NF formulations is due to the fact that it disintegrates
faster than L-F formulations. In vitro release studies indicated that the main mechanism of drug release was
diffusion as specified in the Fick’s first law. The electro spun inclusion complex naofibrous mats have essential
properties for enhancing the dissolution and release of poorly soluble active compounds [35]. The burst release
of ENX could be ascribed to the following unique properties of the system such as the high-water solubility of
the polymer matrix, that promotes the rapid dissolution of nano fibrous matrix and the high surface area,
porous and the 3D continuous structure of nano fibrous mats which increase the number of contact sides and
the penetration ways for the dissolution medium [35].
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Figure 5. Films and NFs in vitro dissolution study

The release versus time profiles from L-F and L-NF formulations were shape-fitted against Zero-order,
First-order, Higuchi, Hixson-Crowell and Korsmeyer-Peppas models (Table 3). The correlation was ideally
reflected by First-order model. First-order results signified the independence of rate versus the concentrations
of ENX along each side of the membrane. According to other research these findings more often reflect a
pseudo first-order model, in which dissolution rates could be concentration-dependent [36].

Table 3. Kinetic models of formulation

Formulations Zero-order First-order Higuchi (r?) Hixson- Korsmeyer-
(r?) (r?) Crowell (r2) Peppas (12, (n))
L-F 0.7879 0.9713* 0.8056 0.7936 0.8339 (0.1655)
L-NF 0.7391 0.9441* 0.8219 0.7164 0.7798 (0.3441)
* It shows that it is statistically different from the others (p < 0.05)
L-F : Loaded film formulation
L-NF : Loaded nanofiber formulation
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3. CONCLUSION

In this study, ENX loaded ODFs formulations were successfully fabricated using PVP with electro-
spinning and solvent casting techniques. Film and NF formulations were compared in terms of mechanical
strength, release profile and morphology. It was determined that the film formulations produced by solvent-
casting method were statistically thicker than the nanofibrous film formulations. Moreover, it was determined
that the film formulations were statistically degraded in a longer time than the NF formulations. The results
obtained proved that there is a linear proportionality between the thicknesses of the formulations and the
disintegration times. It was determined that there was no statistical difference between the weights of the film
and NF formulations. The ODF formulations produced by electro-spinning method promoted reduction of
the tensile strength and Young’s modulus, and an increase in elongation. The higher dissolution rate within
1 minute was achieved from L-NF formulation. The preliminary results as a proof-of-concept demonstration
reported here will shed new light on the future design and application of ODFs by electrospinning method.

4. MATERIALS AND METHODS
4.1. Materials

Enoxolone (>99.5% purity) was provided from Nanjing Seef Biotechnology, China.
Polyvinylpyrrolidone (PVP, 360.000 MW) and glycerine were obtained from Sigma Aldrich, Germany. Ethanol
was purchased from SDS Chemicals, USA.

4.2, Preparation of formulations
4.2.1. Preparation of Films

The film formulation composed of PVP (20%) and glycerol (1%). In the formulation prepared using
solvent casting method, the first stage was completed by dissolving PVP in ethanol and mixing at 400 rpm,
50°C for 1 hour. After adding glycerol to the polymer solution, the blank film formulations were poured into
a 6 cm petri dish and incubated at 40°C for 1 day [10,11]. During the preparation of drug-loaded formulations,
ENX (1%) was dissolved in ethanol at 400 rpm and 50°C, and then PVP and glycerol were added. After that,
the same procedure was followed as for the blank formulations. Polymer solutions viscosity was measured at
100 rpm (25°C) with a viscometer (Brookfield DV2, USA) [11].

4.2.2. Preparation of NFs

For the preparation of NF formulations, firstly, PVP (20%) was dissolved in ethanol, and then the
solution was stirred at 400 rpm at 40°C for 4 hours (to prevent bubble formation) (prepared by adding 1% ENX
in drug-loaded formulations). NF formulations were prepared by electrospinning technique of polymer
solutions that were kept for one day after preparation [17]. During electrospinning, the injection pump (New
Era Pump System, USA) was adjusted to an injection speed of 1.313 mL/hr and the distance of the needle tip
to the aluminum panel was set to 15 cm. The voltage of the electrospinning cabinet was determined as 20.2 kV
[17,18].

Table 4. Ingredients of film and NF formulations

Formulations PVP (%) ENX (%) GLY (%)
UL-F 20 - 1
UL-NF 20 - -

L-F 20 1 1
L-NF 20 1 -

ENX:  Enoxolone
GLY: Glycerol
PVP:  Polyvinylpyrrolidone
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4.3. Thickness

The thickness (1 cm?) of the film and nanofiber formulations was measured use to digital caliper
(Mitutuyo, Japan). Each measurement was taken from 5 different points belonging to the film and NF
formulations [17].

4.4. Weight variation

In the weight deviation measurement of both film and NF formulations, 4 cm? samples were cut from 5
different places of the formulations. The weight of each cut sample was determined and the weight deviation
was calculated [19].

4.5. In vitro disintegration study

The disintegration study of the prepared film and nanofiber formulations was carried out by modifying
the reference studies [21,22]. 10 mL of artificial saliva was added into a 12 cm petri dish. After the film and NF
cut as 1 cm? were added to the petri dishes, the time until the formulations were completely disintegrated was
recorded (n=3).

4.6. Morphological examination

The morphological properties and diameters of the film and nanofiber formulations were analyzed by
scanning electron microscope (SEM) (Zeiss, EVO 40, USA) at 10 kV. 4 different samples cut as 1 cm x 1 cm
from each formulation were placed on the slide and coated with Au using a sputter coater (Leica, Germany).
The mean diameter of the nanofiber formulations was determined using the software of the device
(SmartSEM® v05.05 , USA).

4.7. Texture properties

A texture profile analyzer (TA-XT Plus, Stable Micro System, UK) was used to evaluate the mechanistic
properties of film and NF formulations. The speed of the probe used during the analysis was 30 mm/min and
the load calibration was 2 kg [25,26]. Analysis was performed by taking 3 separate samples of 4 cm? from each
formulation. Young's modulus and tensile strength values were measured using Exponent software (version
6.0.3).

4.8. Thermal behaviours

Differential scanning calorimetry (DSC) analysis was performed using a DSC device (DSC 131, Setaram,
France) in order to determine the behavior of the prepared formulations against heat. The samples were
weighed between 6 - 8 mg and placed in aluminum pans for analysis. The temperature was increased between
0-300°C at 10°C /min. Nitrogen gas was applied at 20 mL/min for cooling the system.

4.9. FT-IR Analysis

FTIR device (iS50, Nicolet, Thermo Fisher, USA) was used to make sense of the chemical relationship
between ODFs and NFs. In the analysis performed using the ATR mode of the device, 1-5 mg of sample was
placed on the plate from which UV beam oncame, and the analysis was performed in the spectrum between
400 cm™ - 4000 cm.

4.10. In vitro dissolution study

In vitro release study of the prepared formulations was performed using USP aparattus-1 (Pharmatest,
Germany). 6 different vessels were rotated at 50 rpm in 900 mL of simulated salivary fluid (Biochemazone®,
Canada, pH 6.6) as release medium at 37.5 £ 0.5°C [35]. At the specified sampling intervals (1,3,5,7,10,15 and
25 minutes), 2 mL samples were taken from the release medium and the amount of drug in the release medium
was determined using a UV spectroscopy device (Agilent 1100, USA) at 205 nm [27]. During the dissolution
study, care was taken to ensure the sink condition (the same amount of buffer solution was added after 2 mL
of sample was taken).

4.11. Statistically Analysis

All analytical values obtained were expressed as mean + standard deviation. Analyzes were performed
using a non-parametric method, ANOVA, and GraphPad® (v. 13.2, Prism, USA) software was used. Values
with p < 0.05 were considered statistically significant.
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