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Abstract

The objective of the study was to develop microneedle (MN) patch, with suitable properties to ensure
the delivery of a therapeutic level of lornoxicam (LXM) in a period suitable to replace parenteral administration
in patients, especially those who fear needles. The used polymers were cold water-soluble polyvinyl alcohol
(PVA) and polyvinylpyrrolidone (PVP) of low molecular weight with PEG 400 as plasticizer and Tween 80 (to
enhance the release) using micro molding technique. Patches were studied for needle morphology, drug content,
axial fracture force measurement and drug release while the optimized formulas were further subjected to pH
measurement, folding endurance, ex vivo permeation study, histopathology study, stability study and
compatibility study. The patch with 11:1 ratio of PVA to PVP, 30% solid content, 5% PEG 400 and 3% Tween
80 resulted in axial needle fracture force value of (1.35 N) which is suitable for skin penetration. The release was
fast with almost 100% of drug released in 60 minutes. The permeation was enhanced significantly with a steady
state flux of about 3.1 times that of the solution. The lag time of MN is shorter in comparison with ordinary patch.
Histopathology studies demonstrated the safety of the formulation, both stability studies and compatibility studies
showed the suitability of the formulation. The results indicated that LXM microneedle patch could enhance drug
permeation while achieving fast and painless administration.
Keywords: Microneedle patch, Polyvinyl alcohol, Polyvinylpyrrolidone, Fracture force, Lornoxicam.
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Introduction

The largest organ of the body is the skin but the conventional patch system has many
making it potentially a highly accessible organ of the limitations, mainly limited to drugs that can diffuse
human beings. But the stratum corneum (SC) through the skin barriers of which the SC represents
represents the main barrier of the skin and its the main challenge and only drugs with low
penetration is very difficult. Invasive methods by molecular  weight <500 Da and satisfactory
emp]oying conventional and hypodermic needles ||p0ph|||C|ty can SUCCESSfU”y penetrate ittoresultin
were able to bypass this barrier, but it may cause successful administration. |mpr0Ving permeation
pain, possibility of contamination, infections and can be achieved only by reversibly disrupting the
fear. Transdermal drug delivery using patches can molecular construction of these barriers .

overcome the drawbacks of hypodermic needles,
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Promising technique to facilitate permeation of drug
through the skin barriers are microneedles (MN),
which are collections of arrays of micron
measurement projections that enhances permeability
of the SC by reversibly creating channels of micron
size in the skin layers, thereby the skin penetration
by a relatively impermeable molecules is enabled.
MN devices are minimally invasive, due to avoiding
the activation of sensory nerve fibers. The main
types that have been developed include, “solid,
coated, dissolving and hollow MNs”. The type that
received major attention was ‘“dissolving MNs”
because of its potential advantages that overcomes
the other types, which are: higher drug loading
capacity contrasting both coated MNs and hallow
MNs, as these MNs dissolve with no sharp
biohazard waste, scaling up to mass production of
“dissolving MNs” is possible as the polymers used
are inexpensive and the method of fabrication is
based on micro molding @. Hydrophilic polymers
that fit the requirements for fabricating polymeric,
dissolvable MNs include PVA and PVP ©, They
were chosen due to the complementary properties of
each other, as PVA imparts strength while PVP
imparts flexibility and increases the solubility of the
polymeric mixture ¥, LXM is a member of the
oxicam class of NSAIDs. It is commercially
available in both oral and parenteral dosage forms.
LXM oral dose ranges from 4-8 mg which is usually
well tolerated, but still causes some side effects
mainly gastrointestinal side effects. LXM plasma
half-life is relatively short about 3 to 5 hr. and has
good permeability, which make it a good candidate
for transdermal delivery ©,
The objective of this study is to prepare dissolvable
MN patch for LXM, with better penetration ability
by bypassing the SC and to investigate the different
materials required to optimize the formula.
Materials

LXM was purchased from Chemshulttle,
USA, water soluble PVA from Central drug house
(P) Ltd, India, PVP K30 from Urchem, China,
Na;HPO. from Thomas Baker, India, Potassium
dihydrogen phosphate (KH2PO4) from Merck,
Germany, Triethanolamine and ethanol from Sigma-
Aldrich, Germany, Tween 80 from Riedel-De-Haén,
Germany, lastly Blue Silica gel powder from Om
Chemicals, India.
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Methods
Preparation of lornoxicam microneedle patches
Preparation of LXM MN patches was
accomplished by using different ratios of P\VVP K 30,
PVA and 5% W/W polyethylene glycol 400 (PEG
400) by micro molding techniques as shown in table
(2). First, LXM was dissolved in certain amount of
solvent mixture composed of 75 % phosphate
buffer, 20% ethanol and 5% triethanolamine using
magnetic stirrer. Then adding and dispersing PVP
then PVA in different ratios to the drug solution
mentioned above, then placing the whole mixture in
a sonicater for 1.5 h. After the whole mixture was
dissolved, calculated amount of the dispersion was
added to the Polydimethylsiloxane (PMDS)
microneedle mold (Micropoint, Singapore) with a
patch size of 6.25 cm?, array size of 15 X 15, needle
height of 500 um and a needle base of 200 um. Then
the filled mold is sonicated to remove air bubbles
and finally the mold is placed in a desiccator under
vacuum for one day and then in the oven at 40 °C
for 24 hours to ensure drying and needle formation,
as shown in figure (1) ®. Aluminum foil was used
as backing layer for the formulated patches ).
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Figure 1. Fabrication process of PVA:. PVP
microneedle patch ©).

Drop casting

Drying
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Table 1. Composition of prepared micro needle patches using different ratios of PVA and PVP.

Formula No. Drug PVA () PVP (g) PEG 400 % Solvent

(mg) wiw (ml)
F1 40 1 1 5 10
F2 40 15 1 5 10
F3 40 1.25 0.75 5 10
F4 40 15 0.5 5 10
F5 40 2 0.5 5 10
F6 40 25 0.5 5 10
F7 40 3 0.5 5 10
F8 40 3.5 0.5 5 10
F9 40 2.75 0.5 5 10
F10 40 2.75 0.25 5 10

Preparation of lornoxicam ordinary patch
Ordinary patches were made by preparing
the same solution mixture of LXM and polymers in
same amounts as in preparation of LXN MN. The
mixture was casted in petri dish with 8.5 cm
diameter. Dried in an oven (Memmert Oven,
Germany) at 40°C for 24 h. After complete drying,
the patch was cut to smaller patches with same
amount of drug and same surface area as MN
patches (6.25 cm?) that resulted from MN mold.

Evaluation of LXM MN patch
Microscopic and visual inspection

The prepared Micro needle patches were
inspected visually for any defects and by using
digital microscope (Depstech, China) to inspect the
needles morphology for any defects.

Drug content

The analysis was determined by immersing
one patch in 100 ml pH 7.4 phosphate buffer. Then,
the sample was diluted and filtered, the absorbance
of prepared solution was measured at 376 nm using
UV visible spectrophotometer. The percentage drug
content was calculated the process was done in
triplicate ®.

In vitro drug release studies

A modified dissolution method was used.
MN patches were placed on a mesh wire with sieve
opening of approximately 800 micrometers,
fastened with an elastic band on the open end of tube
with the patch placed in center (9, 10). The tube was
immersed in the dissolution jar of the dissolution
apparatus (Pharma test, Germany) containing 500
ml of phosphate buffer pH 7.4 which is enough to
ensure sink condition according to the used drug
loading 8 mg. The apparatus speed was set at 50 rpm
9 and temperature was maintained at 35+ 0.50 °C
12 The study continued for 1 hour and samples
were withdrawn every 5 minutes. A 5 ml sample
was withdrawn from the beaker and replaced with
fresh 5 ml of buffer, finally the cumulative drug
release percent was calculated. Tween 80 was added
in 3%
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concentration to the formula that did not achieve
100% drug release during 1h @9,
Measurement of axial needle fracture force

Axial needle fracture force is defined as
“minimum force, applied parallel to the microneedle
axis, required to deform or break the microneedle
(needle failure)”. Axial needle fracture force was
measured using texture analyzer (TA.XT Stable
Micro Systems, UK).
The microneedle patch was fixed on a fixed
cylindrical platform using double sided adhesive
band. The instrument was programmed to axially
compress the single microneedle on each occasion
by a spherical probe (diameter: 1 inch) travelling at
a speed of 0.05 mm/s to a distance of 2 mm ¢4,

Evaluation of the selected formula EXx vivo
permeation study

A modified drug permeation apparatus
similar to that used in the release study with same
parameters was utilized (figure 2). The volume of
dissolution media was 750 ml to ensure sink
condition for the specified drug loading. A fresh
abdominal rat skin was used in this study, the area
was shaved using an electric clipper, after
sacrificing the animal the skin was extracted and the
subcutaneous layer was removed and kept in saline
phosphate buffer pH 7.4 at low temperature (4°C)
and used the next day with SC facing the donor
chamber, while the other end faces the receptor
chamber. Applicator device (MPatch Mini
Microneedle  Applicator  from  Micropoint,
Singapore) was used to ensure the insertion of MN
patch, the applicator speed was 1 (mm/ sec) ©. 5 mL
samples were withdrawn at different time intervals
and replenished by equal volume of buffer. The
withdrawn samples were analyzed for LXM. The
study continued for 6 hours for 22 mg drug loading
(15)
The microneedle patch LXN MN was compared to
LXM solution (22mg of LXM in 10 ml composed of
phosphate buffer pH7.4 with 5% triethanolamine)
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and LXM ordinary patch with the same composition
of polymers and amount of LXM as that of MN
patch.

DD solver was used in determining release kinetics
of the final selected MN patch. f2 similarity factor
function of DD solver was used to determine the
degree of similarity between the permeation profiles
of selected MN formula with the above-mentioned
comparators 1),

Figure 2. Modified drug permeation apparatus.

Kinetics of drug permeation

Permeation kinetics were examined using
DD solver to fit the permeation data utilizing four
popular release models such as zero-order, first-
order, Higuchi and Korsmeyer Peppas equations and
n value, which have been described in the literature
(16)
Histopathology study
Histopathology study was done on the abdominal
skin used in the permeation study of the selected MN
patch loaded with drug compared with unexposed
abdominal rat skin to determine the pathological
changes. Both tissues were fixed in 10% formalin,
routinely processed, and embedded in paraffin.
Paraffin sections were cut on glass slides and stained
with hematoxylin and eosin to examine the
morphological changes to the tissue via blinded
study ).
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pH measurement

It was determined by immersing the patch
for 30 min with 100 ml of de-ionized water, then the
electrode of a pH-meter was placed on the insert
surface and the pH was recorded. The process was
done in triplicate 47,
Weight and thickness uniformity

Five patches were selected randomly from
each batch and weighed individually using a digital
balance; their thickness was measured using a digital
Vernier (Neiko, USA), the mean weight, thickness
and standard deviation were calculated 2.
Folding test

Folding endurance is “the number of folds
that can be achieved without breaking of the patch
when repeated folding at the same position is done”.
Folding endurance of three patches of the selected
formula was carried out ©,
Compatibility study using FTIR

LXM FTIR spectrum was obtained by
using the pressed-disk technique. A small amount of
drug was ground with potassium bromide powder
then the mixture was pressed into a disk. The FTIR
spectroscopy was used to investigate the prepared
disc at wave number range of 4000-400 cm™ .
The FT-IR technique was performed on both the
drug alone and the formulated MN to investigate any
chemical interaction (.
Stability study

Stability  studies of the optimized
formulation was carried out by storing the replicates
of the patches at 40 + 0.58 °C and 75+ 5% relative
humidity for 3 months. Samples were withdrawn
every two weeks to measure percent drug content as
stability indicating parameter 9,
Statistical data analysis

The results of the experiments were given
as a mean of triplicate samples £ (SD) and were
analyzed according to the one way analysis of
variance (ANOVA) to determine if the changes in
the applied factors are statistically significant at
level of (P < 0.05) and non-significant at level of (P
> 0.05).
Results and Discussion
Microscopic and visual inspection

Inspection was done visually and by digital
microscope Depstech 1600X, images are illustrated
in table (2). Formulas F7 and F8 failed from visual
inspection due to the high viscosity of the polymer
matrix created a challenge to fill the mold micro
cavities by vacuum application @9, The other
formulas show clear needles. The pyramidal shape
of MN donates a superior mechanical strength, thus

increasing the chances of effective skin penetration
(@)
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Table 2. Microscopic images of all prepared microneedle patches.

Lornoxicam microneedle patch

Formula code

F1

F2

F3

F4

F5

F6

Microscopic images

Formula code

Microscopic images

F7

F8

F9

F10

F10TW3%

F9 TW3%
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Drug content

The mean percent drug content of MN is
illustrated in table (4). The results demonstrated
drug content of the formulations was within the

limits of USP38/NF33 (2015) 2.
Table 4. The percent of drug content of MN

patches (mean £SD) n=3

Formula code Drug content %
F4 99.51 +0.038
F5 98.67 + 0.125
F6 98.58 + 0.121
F9 97.33+0.172
F10 98.12 + 0.233
F9 3% Tween 80 98.17 £ 0.221
F10 3% Tween 80 98.92 £ 0.156

In vitro drug release studies

In vitro cumulative percent of LXM release
at different sampling time is shown in the figures
(3). Formulas with successful MN formation were
chosen to study the effect of PVP: PVA ratio on drug
release. The release of (F4, F5 and F6) was 100% in
60 min, so they were categorized as fast release
formulations, and this is believed to be the result of
a high PVP: PVA ratio. It is shown that increasing
the PVVP concentration, reduces the time needed for
dissolution and generated holes in the MNs with
water resulting in an enhanced dissolution rate. The
actions of PVP was attributed for its both
hygroscopicity and moisture adsorption property,
which resulted in the hydration and the burst effect
made the release of drug from patches containing
higher amount of PVP faster 23, While F10 and F9
showed 78% and 83% respectively, during 1 hour of
release time, due to a lower PVVP: PVA ratio. Tween
80 was chosen as the surfactant of choice due to its
availability and studies identifying its effects to be
greater than Tween 60 and 20 in improving
solubility @4, Tween 80 was added for both F10 and
F9 at 3% W/W concentration to improve their drug
release. Fast release with 100% release was
achieved with 3% Tween 80 addition for both
formulas as shown in figure (4). The improvement
in dissolution rate caused by Tween 80 was due to
the reduction in the interfacial tension which
increased the wetting of the polymer to a higher

degree thus increasing the erosion of the polymer
(25)
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Figure 3. In vitro release studies of LXM MN
formulations in phosphate buffer pH 7.4 and at
a temperature of 35+ 0.50 °C.
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Figure 4. In vitro release studies of F10 and F9
with and without 3 % Tween 80 in phosphate
buffer pH 7.4 and at a temperature of 35+ 0.50
°C.

Measurement of axial needle fracture force

Interspacing between MN plays an
important role in the force of insertion and when it
is increased, the force is decreased which indicates
a higher stress on the MNs at small interspacing and
lower stress at wider interspacing. There is a
reduction in the resistance to MN insertion in a form
of stress on the tips which signifies that the MNs
face less resistance when the needles are spaced at a
greater area ?®.So the mold used in this study was
selected with an interspacing of 1500 um to reduce
the required force of insertion.
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The accepted axial needle fracture force value is
0.0856 N/MN array for interspacing of 600 um and
above when the velocity of insertion is 1 mm/s
(which is the velocity of the applicator used in this
study) @), For 15 array MN patch, the calculated
insertion force for this research MN patch is 1.284
Newton (N). Therefore; all the patches with axial
fracture force below 1.284 N was considered as
failed formulations. The results of the fracture force
are shown in table (3). Fracture force test showed
that when PVP concentration increased, the
elasticity increased while fracture force reduced,
thus the applied force in N required to break the
needles decrease #7. PVA polymer enforces
hardness and rigidity, thus increasing PVA
concentration results in a harder needles and higher
force should be applied (N) to break the needles 8.
The results show only F10 has exceeded this
insertion force and with an axial fracture force of
1.72 N. as it has the highest ratio of PVA: PVP
(11:1) among other formulas.

Tween 80 was added to F9 and F10 at 3% (W/W)
concentration to improve their release profile. The
addition of Tween 80 increased the flexibility of the
polymers thus reducing the mechanical strength of
the formed MN patches @9, this was shown with
both F10 and F9 as the fracture force was 1.35 N and
0.82 N respectively. The selected formula was F10
+ 3% Tween 80 (F10%+3%T80) as its fracture force
exceeds the required insertion force.

Table 3. Peak force and the time required for
fracture of some of LXN MN formulas using
Texture Analyzer.

Formula Peak Force Time (S)
“Hardness” (N)
F1 0.52 2.10
F2 0.69 2.52
F3 0.71 2.78
F4 0.96 2.50
F5 1.03 3.00
F6 1.20 4.90
F9 1.23 4.33
F10 1.72 6.39
F9 + 0.82 2.52
3%(w/w)Tween
80
F10 + 1.35 5.00
3%(w/w)Tween
80
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EX vivo permeation study

Microneedle patches of F10+3%T80
showed the greatest cumulative amount of drug
permeated which reached 67% during 6 hr., while
ordinary patch only 24% of LXN permeated, while
LXM solution permeated only 19% in the
permeation study. The study states flux rate (ssfr),
which was calculated as the slope from the straight
portion of permeation graph, for the three arms
showed the superiority of MN patch with ssfr of 3.98
pg/cm? /min, while ordinary patch 1.46 pg/cm? /min
and the LXM solution resulted in 1.27 pg/cm? /min.
the overall improvement with respect to flux rate
was obtained with LXM MN as it increased by 3.1
folds when MN patch is compared to LXM solution.
Also the lag time for MN patch was the shortest with
only 10 minutes, while ordinary patch lag time was
50 minutes, and LXM solution had initially faster
drug permeation when compared to ordinary patch
as the drug was already in solution overcoming the
time required to dissolve the polymer matrix which
is essential for solubilizing the drug. But the
ordinary patch had a higher cumulative amount of
drug permeated, this is probably due to the
surfactant and solubilizing nature of both PVA and
PVP which aided in higher amount of drug to be
permeated ©9. The MN patches improved
permeation due to the pores created by the needles
breaching the SC allowing the drug to permeate at a
higher rate, the created holes are estimated to remain
open during the time of application of the MN patch
by the action of high polymer concentration in the
holes preventing their closure, this is true when the
polymer matrix act as the backing layer GY. In
addition, the hydration of the drug reservoir in the
polymer matrix was enhanced by the fluid from the
skin entering form channels created by MN which
improves drug diffusion @9,

pg/cm*

Tirmee | Blinaute )
i 7 el

Figure 5. Collective Ex vivo permeation study of
MN F10+3%T80, ordinary patch F10+3%T80
and LXM solution in phosphate buffer pH 7.4
and at a temperature of 35+ 0.50 °C.
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Kinetics of permeation

By using DD Solver Excel add-in program
the kinetics of drug release was deduced by
calculating the R? value of zero order, first order and
Higuchi models also the n value in Korsmeyer
Peppas models. The R2 was the highest for Higuchi
model with a value of 0.991, while the results were
0.955 and 0.681 for first order and zero order
respectively. The n value from Korsmeyer Peppas
model was 0.531 which indicated an anomalous
(non-Fickian) transport that implies the release

Figure 6. Hlstopathologlcal evaluatlon of sections

Lornoxicam microneedle patch

mechanism was governed by both diffusion and
relaxation or erosion ),

Histopathological study

Histopathology of the abdominal tissue
(Figure 6) indicated the absence of tissue damage
and toxicity. Both LXM loaded microneedle patch
treated and untreated abdominal skin tissues showed
no effect on the microscopic structure of the skin.
No cell necrosis was detected after application of
LXM MN patch and saline buffer pH 7.4 as

comparator.
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oﬁat abdominal tissues. a. Rat abdomlnal tissue

incubated in the diffusion chamber with LXM loaded microneedle patch showing the created channels, b.
Rat abdominal tissue incubated in phosphate buffer pH 7.4.

pH measurement

The pH of the selected formula was 7.7 +
0.2, this result may be due to the effect of
triethanolamine which has a pH adjusting activity,
and has the ability to increase and maintain pH level
about 7.8 which is known to have no skin irritating
effects (9.

Weight and thickness uniformity

Five patches were selected randomly from
each batch; the thickness of each patch was
measured at five positions using a digital vernier
caliper 2., The mean thickness and standard
deviation were calculated (1 mm +3%). Batches
with a variation of more than +5% from the mean
were rejected @9, The mean weight for tested
patches was 0.913 + 0.043g.
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Folding test

The selected formula F10 + 3% T 80
withstood breakage for 210 + 2 folds. Which
indicates its high suitability for application and
strength.
Compatibility study using FTIR

The FTIR spectrum of LXM and the
selected formula (F10+3%T80) is shown in the
figure (7). LXM peaks at 3468.18 cm™* indicates O-
H stretching, intense bands at 3064 cm indicates N-
H stretching, 1594 cm! indicates C=0 stretching of
amide, 1037 cm indicates S=O stretching. These
peaks were also observed in FTIR spectrum of the
final formula, suggesting that there was no
interaction with drug and polymer and all bands
were compared with reference .
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Stability test

Effect of storage condition on stability
indicating parameters, folding endurance and
percent drug content are presented in table (5).
Insignificant decrease was observed in percent drug
content and folding endurance, indicating the
stability of the developed formulation .

Table 5. Stability data of optimized microneedle
patch (F10 3% T80) stored at 40 £+ 0.58 °C and
75+ 5% relative humidity.

Time of Folding Drug
Sample Endurance Content%
At the time of 211 98.33
preparation
After two 211 98.08
weeks
After four 211 97.82
weeks
After Six weeks 209 97.14
After Eight 208 96.62
weeks
After Ten 207 95.92
weeks
After Twelve 205 95.54
weeks
Conclusion

Based on the results obtained from this
study, it is concluded that LXM MN patch was
successfully prepared using PVP and PVA. All the
formulations were found to have the desired amount
of drug content. The apropriate ratio of PVA to PVP
will result in the desired fraction force with rapid
dissolution and good permeability profile.The
optimized formula F10 3% Tween 80 showed drug
release of 100% within 1 h. Ex-vivo studies on rat
abdominal skin showed permeation of 67% within
6h. the selected formula exhibited diffusion by
Highuchi model. The mechanism of release of the
selected formula showed both diffusion and erosion
mechanism. The optimized formula was found to be
safe, since no histopathological changes were
observed after incubation with the formulas for 24

hrs.
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