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Microsponge, a novel drug delivery system, is designed to deliver a pharmaceutically
active ingredient efficiently at the minimum dose. Microsponge plays an important role
in enhancing drug stability, reducing side effects, and modifying drug release profiles.
Itis mostly used for transdermal delivery. Recent studies also explored their use for oral
administration. This study aimed to explore the potential use of the microsponge
technique in improving the aqueous solubility and dissolution profile of pentoxifylline
(PTX). In this study, microsponges were prepared by a quasi-emulsion solvent diffusion
method by varying concentrations of carriers. Nine different ratios of the PTX:Eudragit
E-100 with varying amounts of dichloromethane were used. All formulated micro-
sponges were evaluated for %production yield, compatibility of drug excipient,
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encapsulation efficiency, in vitro drug release, and in vivo bioavailability, as well as
recorded by scanning electron microscopy (SEM) and differential scanning calorimetry
(DSC). Our data suggested that the aqueous solubility of PTX microsponges was four
times greater than that of pure drug. The in vitro drug release of selected microsponges
(M8) was found to be 70%; furthermore, the in vivo study suggested that the selected
formulation significantly enhanced drug concentration in the plasma (9,219 ng/mL in
12 hours) in comparison to pure drug PTX (2,476 ng/mL in 12 hours). SEM showed that
the prepared microsponges were spherical with porous nature. Fourier-transform
infrared spectroscopy and DSC studies confirmed an absence of incompatibility among
drugs and selected excipients. The pH of the selected gel was found to be 6.8, which
was compatible with those of skin and oral formulations also. All above data suggested
a highly successful and beneficial use of the microsponge technique in enhancing
aqueous solubility, dissolution profile, and oral bioavailability of PTX. Microsponge-
based delivery of PTX may represent an alternative strategy to improve the bioavail-

ability of the drug.

Introduction

Microsponge is a novel class of hyper-cross-linked-polymer-
based colloidal structures, which represents an innovative
method to control release and target specific drug delivery in
recent years.' 2 Microsponges are actually porous, spongy, and
spherical in shape, and therapeutic moiety can be released from
the pores of microsponge in a sustained manner. These are tiny
sponge-like spherical particles that consist of myriad of inter-
connecting voids within a noncollapsible structure with a large
porous surface> The size of these microsponges is varied,
usually from 5 to 300 um in diameter. The transdermal delivery
system (TDS), using the skin as the portal of entry of active drug,
has improved the efficacy and safety of many drugs that may be
better administered through dermal application. Unfortunately,
TDS is not efficient for delivery of therapeutic moiety whose
final target is the skin itself. Controlled release of drugs onto the
epidermis ensures that the drug remains primarily localized
and does not enter the systemic circulation in significant
amounts. Some conventional delivery systems, such as oint-
ments and creams, are inefficient and require high concentra-
tions of active agents for effective therapy, resulting in irritation
and allergic reactions in significant numbers of users. Thus, it is
necessary to maximize the time that the active ingredient stays
either on the skin surface or within the epidermis, while
minimize its transdermal penetration into the systemic circu-
lation. The microsponge delivery system fulfills these require-
ments for Biopharmaceutical Classification System (BCS) class II
drugs with low solubility and high permeability.* The size of
pore diameter is even smaller than that of bacteria, ranging
from 0.007 to 0.2 um, which is beneficial for avoiding bacterial
contamination of the materials entrapped in the microsponge,
and maintaining long-term stability and cost-effectiveness of
treatment.

Pentoxifylline (PTX), chemically named 3,7-dimethyl-1-
(5-oxohexyl)-3,7-dihydro-1H-purine-2,6-dione or 1-(5-0xo0-
hexyl)-3,7-dimethylxanthine, is a BCS class II drug. It is a

methyl-xanthine derivative, and used as a hemorrheologic
agent for the therapy of peripheral artery disease. Due to the
slow dissolution rate of PTX, the oral administration of the
drug has a bioavailability of only 20 to 30% that needs to be
enhanced. It is well known that microsponges are designed
to efficiently deliver a pharmaceutical active ingredient in
the minimum dose while enhancing stability, reducing side
effects, and improving drug release. In this study, we pre-
pared polymer-based PTX microsponges using a quasi-emul-
sion solvent diffusion method. PTX microsponges were
identified with better aqueous solubility and dissolution
rate. In addition to using as a transdermal delivery, micro-
sponges also play a role in oral administration. Therefore, a
standard oral dissolution study was further performed to
determine the drug release profile. Our data also suggested
an improved oral bioavailability of this drug from
microsponges.

Materials and Methods

PTX was received as a gift sample from Shreya Life Science,
Aurangabad, Maharashtra, India. Eudragit E-100, dichlorome-
thane (DCM), glycerine, ethanol, and PEG 400 were purchased
from Loba Chemie Pvt. Ltd., Mumbai, India. Polyvinyl alcohol
(PVA), disodium hydrogen phosphate, and potassium dihydro-
gen phosphate were obtained from SD Fine Chem Ltd., Mumbai,
India. All other chemicals were used of analytical grades.

Preparation of Microsponge

Eudragit E-100-based PTX-loaded microsponges were pre-
pared by the quasi-emulsion solvent diffusion method. The
internal phase consists of Eudragit E-100 dissolved in a
mixture of DCM and ethanol (DCM:ethanol=1:1). This
was followed by addition of PTX under ultrasonication
with 5 mL glycerin. The surfactant PVA (60 mg) was weighed
accurately and dissolved in 100 mL of distilled water at 60°C.
The surfactant mixture was allowed to cool down to room
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Table 1 Composition of PTX microsponges
Speed Ratio PTX Eudragit Glycerin DCM Ethanol PVA Water Formulation
(rpm) (mg) (mg) (% wiv) (mL) (mL) (mg) (mL) code
500 1:1 100 200 5 2.5 2.5 0.5 50 M1
1:2 100 300 5 2.5 2.5 0.75 50 M2
1:3 100 400 5 2.5 2.5 1 50 M3
600 1:4 100 300 5 5 5 0.5 70 M4
1:5 100 400 5 5 5 0.75 70 M5
1:6 100 500 5 5 5 1 70 M6
700 1:7 100 750 5 5 5 0.5 100 M7
1:8 100 800 5 5 5 0.75 100 M8
1:9 100 850 5 5 5 1 100 M9
Abbreviations: DCM, dichloromethane; PVA, polyvinyl alcohol.
temperature. The internal phase containing PTX and Eudra- Appearance

git E-100 polymer was added dropwise at different stirring
rates. After 2 hours of stirring, microsponges were formed
due to the removal of solvent from the system by evapora-
tion. The microsponges were washed three times with
distilled water, filtered, and dried overnight at room tem-
perature.” The compositions of PTX microsponge are given
in =Table 1.

Solubility of Drug and Microsponge in Distilled Water
The solubility of the pure drug and drug-loaded micro-
sponges was determined by adding their excess amount to
a specified quantity of distilled water in a 10 mL vial. This
dispersion system was stirred by magnetic stirrer for
24 hours at room temperature. Following filtration, the
solubility of the pure drug and drug-loaded microsponges
was determined by a UV spectrophotometer (V-630, JASCO
Corporation, Japan) after dilution with methanol at 277 nm.®

Production Yield

The productionyield of the microsponges was determined by
calculating the initial weight and the final weight of the
formulation obtained.” The production yield was calculated
in triplicate following Eq. (1):

Practical yield

Percentage yield = Theoretical yield

x 100% [¢))

Loading|Encapsulation Efficiency

A sample of dried drug-loaded microsponges (10 mg) in a
mortar and pestle was dissolved in a mixture of methanol
and distilled water (methanol:distilled water =40:60). Then,
the solution was added into a 100 mL volumetric flask to
make up the volume. The solution was filtered through
Whatman filter paper. The drug content was determined
by a UV spectrophotometer at 277 nm.® The loading efficien-
cy (%) of the microsponges was calculated following Eq. (2):

Actual drug in microsponges

Loading efficiency = Theoretical drug concentration

x 100% (2)

Pharmaceutical Fronts  Vol. 3 No. 4/2021 © 2021. The Author(s).

The prepared microsponge gels containing PTX were evalu-
ated visually for their color, homogeneity, and consistency
according to a reported study.’

Measurement of pH
The pH of the developed microsponges was determined
using a digital pH meter.'°

FTIR Spectral Analysis

The structure and purity of the particular compound were
characterized by infrared spectroscopy. Fourier-transform
infrared (FTIR) spectroscopy was done using KBr pellets. The
scanning ranged from 4,000 to 400 cm~! and the resolution
was 1cm .1

Scanning Electron Microscopy

The morphology of the microsponge was observed by a
scanning electron microscope (SEM) operating at 10kV.
The microsponge gel was kept on the sample holder, and
the SEM photograph was recorded using a SEM (JEOL-JSM
6390, England) under vacuum at room temperature.'?

Differential Scanning Calorimetry

Thermogram was obtained by using a differential scanning
calorimetry (DSC) instrument (PerkinElmer 4000) equipped
with an intercooler. Indium standard was used to calibrate
the DSC temperature and enthalpy scale. The microsponges
were hermetically kept in the aluminum pan and heated at a
constant rate of 10°C/min from 30 to 300°C under a nitrogen
atmosphere with a flow rate of 20 mL/min."3

In Vitro Dissolution Study

Dissolution rates for the prepared microsponges were calcu-
lated using the USP paddle method at 50 rpm with a medium
of phosphate buffer (pH 6.8, 900 mL) at 37+ 0.5°C. The
samples were collected at specified time intervals (5, 10,
15, 20, 25, and 30 minutes), filtered through Whatman filter
paper, and assayed spectrophotometrically at 277 nm. After
each sample, the same volume of the fresh medium,
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prewarmed at 37°C, was replaced with the dissolution media
to maintain a constant volume throughout the test.!4

In Vivo Bioavailability Study (Pharmacokinetic
Parameter)

The in vivo studies were performed to compare the plasma
profile of the selected formulation (M8) and the pure drug
PTX to evaluate whether the enhanced bioavailability was
obtained with the preparation of microsponges. New Zea-
land White male rabbits (weighed 900-1,500¢g; Faculty of
Pharmacy, MESCOP, Sonai, Maharashtra, India) were ran-
domly divided into two groups (control and test groups) with
n=6 in each group. The research protocol of the animal
experimentation was approved by the Institutional Animal
Ethics Committee, MESCOP, Sonai, Maharashtra, India, and
animal handling was performed according to Good Labora-
tory Practices.

Briefly, the animals were housed in polypropylene cages
with free access to standard laboratory diet and water. The
animals were fasted for 24 hours before starting the exper-
iment but allowed free access to water. M8 and the drug
(PTX) were dissolved separately in 1mL of gum acacia
solution (2% w/v), and the rabbits in each group were
orally given the solution at a dose of 2 mg/kg. At prede-
termined time intervals, the rabbits were anesthetized
with ether. Blood samples (1-1.5mL) from the ear vein
were collected in microcentrifuge tubes, and rinsed with
EDTA. Then a small quantity (4-8 mg) of powdered EDTA
was added. The collected blood was properly mixed with
the anticoagulant by shaking and centrifuged at 4,000 rpm
for 20 minutes. The plasma was separated and stored at
—20°C for further high-performance liquid chromatogra-
phy (HPLC) analysis.

For the UV-HPLC method, the analytical column was
reverse-phased, 300 x 3.9 mm 1.D., RP-18 um Hyperbond
(Hypersil). The detection wavelength was 273 nm. The
mobile phase was a mixture of methanol:water (58:42,
v/v) and the flow rate was 1 mL/min.

The pharmacokinetic parameters such as area under the
curve (AUC), maximum plasma concentration (Cmax), tmax
[AUCJo¢, and [AUC]p.., Were calculated from plasma profile
curves. All pharmacokinetic parameters were calculated indi-
vidually for each subject. The area under concentration time
curve was calculated according to the log trapezoidal method.

Results and Discussion

Evaluation of PTX Microsponges

The prepared microsponges were homogeneous, clear, and
spongy. The interactions if persist between the drug and
polymer were further determined to find out which proper-
ties of the polymer make them an efficient material for
increasing solubility and thereby bioavailability. Micro-
sponges of PTX with Eudragit E100 were characterized and
assessed by physical appearance, production yield and load-
ing efficiency, solubility, pH, FTIR, DSC, SEM, in vitro drug
release, in vivo bioavailability, etc.

Pawar et al.

Solubility Determination

The data obtained from solubility studies showed four times
better solubility for PTX-loaded microsponges (283.65
mg/mL) than that of pure PTX (75 mg/mL).

Production Yield and Loading Efficiency

The production yield, drug content, and loading efficiency
of all formulations are given in =Table 2. Our data sug-
gested that the microsponge was associated with enhanced
drug loading capacity, and reduced drug loss during and
also after its preparation. The maximum loading/encapsu-
lation efficiency was found for the prepared microsponges
M8 and M9. The stirring rate ranged between 500 and
700 rpm. The dispersion of the drug and polymer into the
aqueous phase was dependent on the agitation speed. As
the speed was increased, the size of microsponges would be
reduced, and spherical and uniformed microsponges were
obtained. Higher stirring rates increased the production
yield and loading efficiency. Possibly, at higher stirring
rates, the polymer did not adhere to the paddle due to
the turbulence created within the external phase, and
hence the production yield and loading efficiency were
increased.

The  formulation M1 showed the lowest
loading/encapsulation efficiency (35.83%) as well as formu-
lation M9 showed the highest loading encapsulation effi-
ciency (97.82%), yet, with low production yield (75.78%)
and practical yield (720mg). However, the formulation
M8 showed optimum loading/encapsulation -efficiency
(95.41%), and good practical (756 mg) and production yield
(84%). Hence, formulation M8 was considered for further
studies.

Measurement of pH

The pH values of all prepared formulations ranged from 6.2 to
6.9. The pH value was in the acidic range, indicating com-
patibility after its application on the skin.

Table 2 Evaluation of production yield, drug content, and
loading efficiency

Formulation | Practical Production | Loading/
code yield (mg) | yield (%) encapsulation
efficiency (%)
M1 112 3733+£1.3 | 3583£1.8
M2 212 53+2.1 46.21+1.3
M3 180 36+1.7 57.09+2.5
M4 202 50.5+1.9 48.86+£2.8
M5 396 79.2+2.5 59.86+1.6
M6 339 56.5+2.6 72.48 £1.1
M7 525 61.76 +1.1 84.78+1.3
M8 756 84+1.6 95.41+1.9
M9 720 75.78+1.2 | 97.82+2.1

Note: All values are expressed as mean =+ standard deviation (n=3).

Pharmaceutical Fronts  Vol. 3 No. 4/2021 © 2021. The Author(s).
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FTIR Spectral Analysis

The FTIR spectra of the pure PTX drug and PTX-loaded
microsponge (M8 formulation) were recorded by FTIR with
attenuated total reflection (JASCO TTFR 4600, MESCOP,
Sonai). Our data suggested that all the characteristic peaks
of PTX were presented in the spectrum of the drug and
prepared PTX microsponges, indicating good compatibility
between the drug and the polymer. Besides, there is also no
significant change in the chemical integrity of the drug.
There is no change in functional group peaks of PTX in the
IR spectra. FT-IR spectral results can be seen in supporting
information (~Figs. S1-2 [online only]).

Scanning Electron Microscopy

SEM study showed that the porous nature of the micro-
sponge was characterized by rough surface with typical large
wrinkles and micropores (=Fig. 1). The microsponge was
found in the spherical shape and showed a sponge-like
structure where the drug was entrapped.

Differential Scanning Calorimetry

The DSC studies are routinely used to evaluate the crystalline
state of the drug to illustrate a possible interaction between
the drug and other excipients, and to provide information
about the physical properties of the drug. The DSC thermo-
grams of pure PTX (~Fig. 2A) showed a sharp endothermic

Signsl A =SE1
Mag= 200KX

Signal A = SE1

WD= 8.0mm Mig= S00KX

oz EHT = M0.00
WO = 80em Mig= 100KX
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peak at 104.80°C, which was its melting point. Such a sharp
endothermic peak indicated that the used PTX was in a pure
crystalline state. The thermogram of the M8 formulation
(=Fig. 2B) showed that the microsponges were amorphous
because a broad peak was observed at 85°C, indicating a
decrease in the melting point. This was an expected result
because microsponges were all cross-linked polymers.

In Vitro Drug Dissolution Study

The dissolution study was performed for the selected for-
mula M8, PTX self-made tablet, and pure drug PTX. ~Fig. 3
shows that the cumulative percent of the drug release of M8
was high in the first 30 minutes (70%). Drug release from PTX
microsponges and the self-made tablet was determined by
the dissolution rate of the drug, which is a function of
aqueous solubility and particle size. The results clearly
confirmed a 70% release of PTX from the M8 formulation
within 30 minutes, while 20% release of PTX from the pure
drug, and 27% release of PTX from the self-made tablet
(=Fig. 3). The porous surface of the carrier particle makes
it easy to penetrate the release media and bring it close to the
entrapped drug molecule.

Besides, burst release was also observed, which could be due
to the surface-adsorbed drug and the well-known porous
nature of microsponges, with pores providing channels for
drug release. Most drug molecules may reside on the surface

EHT = Mnd k'
WO = §0mm

Signal A = 5E1
Mag= 200KX

Signal A = SE1

Fig. 1 SEM images of microsponges (M8). SEM, scanning electron microscopy.

Pharmaceutical Fronts  Vol. 3 No. 4/2021 © 2021. The Author(s).
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Fig. 2 DSC thermogram of (A) PTX and (B) microsponge (M8). DSC,
differential scanning calorimetry. PTX, pentoxifylline.

of particulates in the form of adsorbed molecules that have the
probability to rapidly dissolve, leading to quick drug release. But
when the equilibrium is reached, the rate of drug release would
be decreased. These results rationalized the importance of the
microsponge formulation because increasing the drug surface
area will lead to an increase in the dissolution rate.

The use of microsponges for oral route, where bioavail-
ability is a major constraint, was further explored. Evidence
suggested that the standard oral bioavailability of PTX is only
20 to 30%." The basic mechanism by which microsponges
release drugs through the skin is diffusion or concentration
gradient. Bioadhesion will increase the residential time of
the dosage form on the site of application/action. Thus, the
use of microsponge in the formation of oral tablets and
transdermal patches in pipelines needs to be further studied.

Effect of Porosity and Sphere Surface Area on Drug
Release

The higher the concentration of DCM, the more spongy and
porous the microsponge was. The increased amount of DCM

Pawar et al.
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Fig. 3 Percent drug release of microsponges (M8), pure drug PTX,
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causes the precipitation of the drug at the periphery of the
microsponge, resulting in an increase in drug release. The
increase in porosity and sphere surface area enhances
the release rate of the drug delivery system.

In Vivo Bioavailability Study (Pharmacokinetic
Parameter)

HPLC parameters of the pure PTX and selected M8 formula-
tion are depicted in =Table 3. Our results showed that the
retention times of pure PTX and M8 were 3.101 and 3.213
with peak areas of 21,212 and 29,528, respectively. The
symmetry factor for pure PTX and M8 was below 2 as per
ICH (International Council on Harmonization) guidelines.
Low NTP (number of theoretical plates) indicated the column
performance.

The PTX concentrations in plasma were further deter-
mined using the UV-HPLC method. The assay was sensitive,
rapid, and easy to be applied to study the pharmacokinetics
of PTX. The mean plasma concentration versus time profiles
for PTX after a single oral dose of PTX is shown in =Fig. 4. Our
data suggested that the plasma concentration of the drug in
M8 formulation was increased (9,219 ng/mL in 12 hours) in
comparison to pure drug PTX (2,476 ng/mL in 12 hours)
(~Table 4).

Moreover, the pharmacokinetic parameters were further
calculated using a noncompartmental analysis method,
using WinNonlin. They are summarized in =Table 5. The
plasma profile of PTX rose rapidly with t.x occurring at

Table 3 HPLC parameters of pure PTX and selected formulation (M8)

Sr. No. Retention time Peak area (pV/s) % area Symmetry factor NTP
Pure PTX 1 3.101 21,212 100 1.536 127
M8 1 3.213 29,528 100 1.624 130

Abbreviations: HPLC, high-performance liquid chromatography;

Pharmaceutical Fronts

NTP, number of theoretical plates; PTX, pentoxifylline.
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Table 4 In vivo bioavailability study data

Sr. Time Std. PTX Selected formulation
No. | interval (M8)

(h) Concentration Concentration

(ng/mL) (ng/mL)

1 3 704 +103.65 980+ 152.6
2 6 875+118.2 3,520+ 149.6
3 9 1,710 +£127.63 | 7,060+ 156.78
4 12 2,476 £135.69 | 9,219+177.23
5 15 3,238+112.66 | 8,2404+181.2
6 18 2,902+141.3 7,561 +163.82
7 24 1,970 +149.39 | 4,2314+191.3

Abbreviation: PTX, pentoxifylline.
Note: All values are expressed as mean =+ standard deviation (n =6).

0.846 hour after oral administration of M8 when compared
with the pure drug (2.32 hours). Moreover, the Cy.x value of
M8 (1,310 ng/mL) was almost 16-fold higher than that of
pure PTX drug (80.3 ng/mL). The AUCy_,, value in plasma was
1,820 and 1,310ng/mL x h. The elimination of PTX was
relatively fast in M8 with a t;, being 1.82 in comparison
to that of the pure drug PTX (1.97 hours). No significant
change in t;;; was found, as would be expected from a
linearly acting drug like PTX. All the above data suggested
that M8 prolonged plasma levels of PTX without extending
the half-life of the drug. The PTX was rapidly cleared from
plasma; it underwent extensive first pass metabolism.'®!”
The oral bioavailability of PTX tablet was 20 to 30%.'8
Interestingly, our in vivo study showed that the mean
bioavailability of PTX from M8 was not similar to that of
the pure drug (PTX). The Cy,ax from the plasma profiles of the
pure drug (PTX) was much lower than that of M8. According
to our results, Eudragit apparently played an important role
for enhancing the bioavailability of PTX. When the plasma
concentrations were considered after administration, higher
levels were observed with M8 than the pure drug (PTX).

Pharmaceutical Fronts

Vol. 3 No. 4/2021 © 2021. The Author(s).
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Table 5 Comparative study of the pharmacokinetic
parameters of selected formulation (M8) and pure drug PTX

Parameters Selected Pure drug
formulation (M8) | (PTX)

tmax (D) 0.846 +0.036 2.3204+1.289

Cinax (ng/mL) 1310+0.087 80.3+0.329

t12 (h) 1.824+2.041 1.97+1.154

AUC(o) (ng/mL x h) | 1710+3.514 542 +3.419

AUC(g.y (ng/mLx h) | 1,820+3.236 1,310 +£3.512

Abbreviation: PTX, pentoxifylline.
Note: All values are expressed as mean =+ standard deviation (n=6).

PTX is hepatically metabolized by hydroxylation and
demethylation into six renally excreted metabolites.'” The
presence of high levels of the test PTX formulation may alter
the mechanism of metabolizing enzymes by saturation,
leading to the increased bioavailability of the drug. Besides,
PTX is reduced extrahepatically to form an intermediate
metabolite, known as hydroxyl PTX, which can be converted
back to the parent compound or further metabolized.'® PTX
has a wider therapeutic range (1,200-2,000 mg/d) in humans
for oral application?® and its oral bioavailability can be
enhanced by Eudragit. Besides, PTX may be well tolerated
when it was administered as a PTX-Eudragit formulation.

Conclusion

In this study, microsponges containing PTX were prepared
successfully by a quasi-emulsion solvent diffusion method.
The solubility of the drug was increased by fourfold in PTX
microsponges in comparison to pure PTX. Our data suggested
that the PTX:Eudragit ratio of 1:8 is suitable for the prepara-
tion of PTX microsponges with higher production yield and
loading efficiency. PTX microsponges successfully enhanced
aqueous solubility, dissolution profile, and oral bioavailabili-
ty of the drug, and may represent a promising alternative
strategy in drug therapy.
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