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ABSTRACT '

‘ . ‘ ide effects when taken
Piroxicam is a potent nonsteroidal anti-inflammatory drug associated with many sid d =
: , . rde
An attention was paid in this work to formulate and characterize piroxicam containing polymer films for dermaf use T3,

used polymers were cellulose types namely ethylcellulos (EC) and hydroxypropyl methyleellulos (HPMC). (n iy

study, medicated films consisting of drug and carrier were prepared. The carrier consisted of ane or two polymers Te

Physicochemical characterization was done by IR spectroscopy, DSC and X-Ray diffractometry for both proxicam

polymeric films and their correspondmg physical mixtures as well as the untreated drug and polymer powders 1o

investigate the drug polymer interaction. The results showed absence of molecular interactions between piroxicam and

both EC and HPMC. In-vitro drug release from these polymer films was studied. It is found that when the ratio of

HPMC increased the drug release from the film become faster.
INTRODUCTION

Piroxicam, an oxime derivative, is a

administration by the transdermal route was achieved
with some cream and ointment preparations for
nonsteroidal anti-inflammatory drug. It is used in protection and treatment from certain diseases. Nose of
musculoskeletal and joint disorders such as ankylosing

these preparations was satisfactory due to variahle
spondylitis,  osteoarthritis,  rheumatoid arthritis

systemic drug absorption resulted from the absence of

including juvenile chronic arthritis, in sofi- tissue specific directions like the area to be covered and the

disorder, and in acute gout.""” The drug is highly potent,
has a long half-life of over 50 hours which makes it
_suitable for once daily dosage” Piroxicam exists in

duration of systemic action which cantrolled f)) the
thickness of the layer of ointment or cream, which
varies with repeated application by the patient.

For such reasons medicated topical polymenc
films are designed 1o deliver (he drug to the skin

surface at a controlled rate, The main advantages of
such solid dosage forms
variables, \.\-Ilich
2)

two different interconvertible crystal polymorphs with
melting points of 196-198 °C for the needle form and
199201 °C for the cubic form and there are no data
about a possible different acliyity of the particular are: 1) elimination of
forms.”) There ure two possible tautomeric forms for

influence G. 1. T absorption,
- piroxicam, namely enol and ketone forms,'*

avoidance of first pass eflect, 3)allows administration
of drug with small therapeutic index, 4) permits display 7
ol only one pharmacological effect from a drug that in

-Application of medicated substances 1o the
skin is a concept as old as humanity, For ireatment of
skin infections, wide assortmenis of topical dosage

 another dosagc form may show several effects, S)an
forms: are available. It comprises powders, lotions,

| alternative route when oral route is not pracncabh»
emulstom. omlments pastes. aerosols, soaps, plasters,

| 6)"3""““&“00 of nuisance associated with  daily
Ashampoos and other preparations. Today, ‘among these ~ repetitive upplications of messy oiniments and creams
- preparations, ointment - like prepamuons covers about (patien compliance js better) 7)ﬂEXIb||[ty of the dost_:
0% . - e | ’ ‘
80 %. _ used, it has a defipje - area, (i.e increase arca l"ads v
. “The appl:canon of some ointments to the skin 7 ' increase in’ dose and 8)easy (o terminate (hcraPy by
produ:es sysicmlc :ctlons. wluch means, certain dc[,rEe 7 'removmg the system Thcse . dvanln“es confim ! fhiad -
ol' absorpuon occurs Ancrwards._ sysmmc drug . .
7 v Correspondmg Author Pk " an
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- grug-containing polymer films are very promising

medicinal preparations.

The aim of this study is to formulate and
fhysicochcmmnl characterize o  dermatological
preparation as 2 film for piroxicam which is widely
used but associated with many side effects when taken
orally. Such film could be applied conveniently to the
<kin, releasing the drug in an effective concentration; so
(hat continuous effect would be achieved for a
reasonable time. ® In this swdy, medicated films
consisting of drug and cellulose polymers were

prepared. The physicochemical characterization was

‘done by IR spectroscopy, DSC and X-Ray

diffractometry for piroxicam polymeric films and the
corresponding  physical mixtures as well as the
untreated drug and polymer powders to investigate the
drug polymer interaction. In-vitro release of the drug

from polymer films was also studied.

MATERIAL AND METHODS
Mnterinls
Piroxicam (kindly provided by Sedico company for
pharmaceutical industries,  Cairo, Egypt).

- Ethylcellulose, type N-22 NF ehoxyl, 48.9 % viscosity

24 CPs (Heircules incorporation  U.S.A).
Hydroxypropylmethylcellulose, viscosity of 2%
aqueous solution (25 °C) approximately 50 CPs (Sigma
Chemical Co. Germany), Methylene chloride, acetone
and 1sopropanol (El-Nasr company, Abu-Zanbal Cairo,
Egypt). Other materials and solvents are of reagent and

- analytical grade, and they were used without further

* purifi cnhon

Methods

o Prcpamrlan af the medicatd Films

EC, HPMC or mixture of the two polymcrs (2 I gmofl

. polymer + 100 mg of piroxicam ) was dissolved ina

e mixture of methylene chlorldc lsopropanol in a rauo of
S for- EC and melhylene chloride: |sopmpnnol
i mcth:mol in ratio 4 33 for IIPMC or its mixture with
: % - EC. Ratios used for EC and IIPMC polymers ar¢ (10 0, :
By 82, GA ,4:6 , 2:8 and 0:10) respectively. '

When the solution of drug was prepared, il was lefi for
air bubbles.

about 30 minutes to remove amy entrapped
20 ml of this solution was poured into 8 dust free petr
dish previously cleancd and dried. The petri-dish was
covered with an inverted glass funne) of sem orifice
ce was provided for the
g the base of the

0.6 cm in diameter. Clearan
escape of solvent vapors by raisin
funnel (2 cm) just above the resting surface. The famnel
was an aid in controlling the rate of cvaporation of the
solvent and reducing the blistering of the surface of
the deposited film.!” The solvent was allow=d 10
evaporate for 24 hours, the film was then removed from
the petri-dish, wrapped in an aluminum foil 2nd stored
in a dry place at ambient room lemperamure. The mect
complete film was adhered on back of cover of petmi
dish (8 cm in diameter) to be used for the release study.
The films were subjected to evaluation within on< week
of their preparation. -
Physicochemical characterization

Infrared spectra of certain medicated films and
the corresponding physical mixtures as well as the
untreated drug were done at a range of 4000-400 cm™
using KBr disk method. The samples were ground,
mixed thoroughly with KBr and compressed at a
pressure of 6 ton/cm’ using Shimadzu SSp-10A IR
compression  machine.  Differential  scanning
calorimetry was recorded using T.A. 501 Differential
scenning calorimeter DSC. (Shimadzu Co,, Jﬁpan). '
‘Sal_nplcs of about 5 mg were accurately weighed and
encapsulated into flat-bottomed aluminum pans with
crimpcd-on lids. The scanning speed of lO--°CI_miﬁ
from 0 °C to 250 °C was used inpresence of nitrogen at
flow rate of 40 mVmin, The X-ray diffraction pattern-s
of the powder samples were obtained using a Phillips
1700 series diffractometer which- is equipped with

- curved graphite - crystal ‘monochromater, automatic

divergence slit and ‘nutomd'tic c'pnlroller PW/1710, The
l’argcl" used was CuKa radiation 6peratin§ ni -4DKV and -
30 'mA (Aka = 1.5418 A). The system was caliﬁmfcd.

. using silicon disc and/or powder d111 =3,1355 A) as
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an external standard. The diffraction patterns were
achieved using continuous scan mode with 20° ranging
from 4° to 60°. The output data achieved represented
by 20, d A, intensitics are determined via the
microprocessor of the PW/1710.
In-vitro drug release experiments
The previously prepared film was removed from the
plate, weighed on an analytical balance, and the
thickness was measured at both the four corers and the
center with a micrometer. A thin coating of silicone
adhesive was applied 10 back of petri dish (7cm in
diameter) which was used as a glass support.  The film
was carefully pressed on to the glass support, making
sure that all edges are adhered and no silicon adhesive
touched the exposed surface.
The temperature of the dissolution medium (250 ml) of
citrate buffer (pH=5) was adjusted 10 32 = 0.5°C, the
temperature of the skin surface is 32 £ 0.5 °C. The pH
of the intact skin lies between 4.5 to 5.5 under
occlusive condition, the pH of the skin is more likely to
be close 1o the higher value rather than to the lower
value. Condition of release studies at (pH=5) simulates
the condition upon which the drug is exposed when
applied to the intact skin. The glass support containing
the film was placed in the botiom of the vessel, then the
paddles of the dissolution tester were allowed to rotate
at 60 rpm which was the optimum speed (o prevent film
rupture.
It was taken into consideration that the used buffer
volume affords sink conditions. To avoid water
evaporation, the vessels werc covered with an
aluminum foil during the experiments.
| Samples (5 ml each) were obtained while the film
" remained completely immersed throughout the release
study. The removed sample (5 ml) ﬁom the release
medium was replaced by an equal volume of the buffer,
The run was continued for at least 6 hours.  All

samples were analyzed spectrophotometrically at 360

NN
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am. DBlank samples were obtained from the releyq,

experiments  films containing the same componep,

except the drug.

RESULTS AND DISCUSSION

IR studies

There are two possible tautomeric forms for piroxicam,
but in this study the 1724 cm™ band was not ebserved
in the IR spectrum of piroxicam (Figures 1-2 curve A),
suggesting that piroxicam was present. as an enol
form.™ It has also been reported that piroxicam has
two interconvertible crystalline forms, namely the
needle and cubic forms.!”” The IR absorption peaks at
1634 cm™ and 1629 cm™ are assigned to the stretching
of the amide carbonyl groups of the needle form and
the cubic form of piroxicam respectively, the peak at
1529 cm™ is due to the stretching of the second amide
band for both crystalline forms of piroxicam. The peak
at 1629 cm' was found in the IR spectum of
piroxicam, suggesting that the cubic form of piroxicam

was Used in the present study.

In addition, Figure 1 curve D, showed the IR spectra of
piroxicam: EC: HPMC (2:25:25 weight ratio) physical
mixture. The physical mixture showed shifting of
carbonyl peak of piroxicam from 1629 cm™ to 1623 cm
'. Figure 2 showed peaks at 1616 cm™!, 1618 cm” and
1627 em™ which were corresponding to cast films of
piroxicam: EC (2:50 weight ratio), piroxicam: HPMC
(2:50 weight ratio) and piroxicam: EC; HPMC (2:25:25
weight ratio) respectively, were shified from 1629 cm’
which corresponding 1o the carbonyl group of the drig,
but this shift is not significant, ® These findings 327°
with Adibkia er al!? {ose investigated the physico-
chemical -~ characterizations of nanoparticles of
piroxicam and eudragit RS100. They found that ther is
no chemical interaction between piroxicam and the,
used polymer,
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Fig. (1): The IR spectra of : (A) Untreated pircxicam
powder (B)ethylcellulose (EC) (C) hydroxyoropyl
methylcellulose (HPMC). (D) piroxicam: EC: HPMC

(2:25:25) physical mixt.ure

Differential scanning calorimetery (DSC)
In order to shed a light on the possibility of solid state
different used polymers,

DSC was performed on drug: p'rolymer cast films (2:50

weight ratio of drug: polymer) and their - physical

‘mixtures as well as the individual components.

The DSC curves of untreated piroxicam (Figures 3-4

curve A) show an endothermic peak at 201.3°C at a

scanning rate of 10 °C/min.

" Figures 3 and 4, showed disappearance of melting

'rcspccti@vcly,‘
. piroxicam: HPMC (2:50) and piroxicam: EC: HPMC
(2:25:25) respectively.  These results suggesl that

- endothermic peak

“mixture of piroxicam:

s of piroxicam crystal with physical
EC: HPMC (2:25:25)
and cast films of piroxicam: EC (2:50),

" " piroxicam cxists as an amorphous form.

" showed that
-~ disappeared in both physical mixtures and coevaporate, -

Fig. (2): The IR spectra of: (A) untreated
piroxicam powder (B) piroxicam: EC (2:50
w/w) film (C) piroxicam: HPMC (2:50 wiw)
film (D) piroxicam: EC: HPMC (2:25:25
wi/w) cast film.

As mentioned above, the characteristic endothermic
peak of piroxicam in its polymer almost disappeared or
reduced in intensity, shifted to lower temperatures and
lost its sharpened distinct appearance. This observation
confirms the presence of piroxicam in an amorphous
form in these physical mixtures or cast films. |

Similar DSC results were obtained by Kohoda et al.""
who noticed the disappearance of the endothermic peak
of lidocaine hydrochloride in the solid dispersion films:
containing hydroypmbyléellulose. They explained this
phenomenor; on the basis that solid dispersion resulted
in an amorphous form of the drug. Also, Ismail et al?
salicylic acid erqdolherrﬁic ~ peak
They stated that this phenomenon could be cvoirrelated to -

an amorphous state of the drug present in the casting -
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film due to incorporation of salicylic acid in Eudragit
polymer.

Also, Similar DSC reSults were obtained by Najib and
Suleiman ™ \who noticed the disappearance of the
endothermic peak of PEG 4000 solid dispersions with
diflunisal. They explained this phenomenon on the
basis that solid dispersion resulted in an amorphous
form of the drug. In addition, Al-Angary et al'"*
showed that lorazepam endothermic peak disappeared
when incorporated in PEG 10000 solid dispersions,
They stated that this phenomenon can be correlated to
an amorphous state of the drug present in the solid
Other

explanation '$9
D \ﬁ
c \/ .
B
A i - V/

Temperature ( °C)

dispersion. investigators  supported  this

L] ] L]

Fig. (3): Differential scanning calorimetery (D.S.C.)
curves of (A) Untreated piroxicam powder (B) E.C
(C) HPMC (D) piroxicam: E.C: HPMC (2:25:25
w/wy) physical mixture.

3.3. X-Ray diffraction properties

To get further evidence on the solid state change, X-ray
diffraction pattern was carried out on untreated drug,
medicated films formed of EC, HPMC or of both
polymrs (drug: polymr = 2:50) and their phy_sical
mixtures as well as the individual components. The
presence of numerous distinct peaks in the X-ray
diffractibn specirum  of piroxignm indicates that

-4
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However, the disappearance of the endothermy;j, ik
corresponds to the melting of piroxicam in the drig
polymer physical mixture may be due to its solubility ;,
the melted polymer. This finding agrees with Simoney
et ol who showed the disappearance of the
endothermic peak of hydrochlorathiazide jn both
physical mixture and solid dispersion with PEG 6000,
which might indicate the solubility of the drug in the
molten polymer during running the thermogram,.
Morcover, Khidr "™ found the some behavior when pe

studied the solid dispersion of nifedipine with plurenic
F. 127.

e

A -

[ A i " e

el
b

Temperature ( °C)

Fig. (4): Differential scanning calorimetery (D.S.C)
i Untreated piroxicam powder (B)
Piroxicam: E.C (2:50 wiw) film (C) Piroxicam: HPMC

curves of (A)

(2:50 wiw) film (D) Piroxicam: E.C:-HPMC (2:25:25
w/w) film, _

piroxicam is present as g crystalline material with
characteristic diffraction peaks appeared at diffraction

angels of 20 at 8.69A° 14.57A° 15.21A°, 15.83A°

17.75A° 25.91A°, 26.824°, 27,45A° and 34.37A° with

relative intensities of 50, 48, 54, 57, 68, 100, 65, 67 and
22, respectively, '

EC and HPMC polymers are amorphous in nature due
o the absence of éumplele stereo regularify and
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e prcsence- of bulky side groups. Representative X-ray
diffraction pattern for these polymers Figure 5 shows
no sharp peaks. However, the physical mixture or the

. cast films of the same composition did. not contain

sharp peaks associated with drug molecules Figures 5-

6. These diffraction patterns are identical to those of

the pure polymer. The results strongly 'suggcsl the

~

T |
., N

Fig. (5); X-ray diffraction pattern of (A)
Untreated piroxicam powder (B) EC  (C)
-HPMC (D) piroxicam: E.C: HPMC (2:25:25
w/w) physical mixture,

Evaluation of piroxicam release from cellulosic films
. To study the release profile of piroxicam, medicated
films were stuck to the glass plate using thin layer of
amir adhesive, Thus, the release of drug from the film
was from one planar surface. The release of piroxicam
from ethylcellulose films was found to be very slow
and only about 3.34 % of drug content in the film was
released after six hours, This may be due to the
~ hydrophobic ‘nature of piroxicam, which prefers to
remain in ethylcellulose film having the same nature.
The release of piroxicam was found to follow the first
order  kinetics as  shown in  Table 2.
Hydroxypropylmethylcellulose (HPMC) being water
soluble, therefore the release of piroxicam from  its
films was rapid (complete drug ‘release within two
hours). The release of piroxicam from HPMC film was
found 1o follow zero order kinetics and thereby -the
. release of drug from this polymer is largely controlled
* by dissolution rate of polymer and solvent penetrability.
It was obvious that the film forming polymer exerted its
.- influence on the type and the rate of release of drug
.. -Wwhich agreed with Ebrahim investigations “",

Asa '[es-UI'_l of the previous work, modified bases for
- Preparing the films were carried out, by using mixtures

b

transformation of the drug from crystalline state to _
amorphous one in EC and HPMC polymers. These
resulis are in agreement with other authors “” who
that  drugs-PVP
disappearance of the X-ray diffraction peaks of the drug

found co-precipitates = show

crystals,

BYAWLERN |
-y /\\J.":
it \
/ .

- -

’:‘“JMM_\__

Figure (6): X-ray diffraction pattern of (A) Untreatzd

piroxicam powder (B) Piroxicam: E.C (2:50 w/w) film

(C)Piroxicam: HPMC (2:50 w/w) film(D) Piroxicam:

E.C: HPMC (2:25:25 w/w) film. : E

~ of ethylcellulose and HPMC in different ratios (10:0,
8:2, 6:4 ,4:6, 2:8 , and 0:10) respectively. The solvent
system used to prepare the films was a mixture of
methylene chloride: methanol: isopropanol in ratio
4:3:3 instead of methylene chloride: isopropanol
solvent system (in ethylcellulose films), from the point
of drug release from these films, a variety of different
drug release rates were developed. The rate of drug
release was found to increase as the ratio of HPMC
increased; as shown in Table | and illustrated in Figure
7. This can be explained on the basis, that the film was
a  matrix of ethylcellulose  with hydfoxypro’pyl
methylcellulose, piroxicam transport would be expected
to occur through channels forined due to the presence
of dispersed HPMC as channeling agent. '

It can be suggested that two factors might be operating
in these films, resulting in the formation of two types of
channels that permit transport, one was due .10
hydration and dissolution of the HPMC leaving pores in

the film; the other was due to the hydrated HPMC -

. retained in the film acting as a barrier for drug. This

35

would require diffusion of the drug through the .
hydrated film for transport to occur, thus considerably
reducing the transport rate, While the formation of the

4
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hydrated film would be the first step in formation of a
transport channel, the retention time of the hydrated
HPMC as a barrier film would be a function of the
thickness of the film and the concentration of HPMC in
!hc film. In our case, the effect of thickness was
ignored to all films because they were prepared to have
nearly the same thickness. Consequently, when there
was low concentration of HPMC in the film, a
comparatively longer retention time might be expected
due to the support provided by the hydrophobic
cthylcellulose matrix. The observed rate of transport
would then be a function of the balance of the two
operating factors previously stated,

However, with time the retained HPMC would tend to
dissolve 1o permit an inerease in the transport rate (i.e¢
release rate). Such a mechanism would be consistent
with the observation of increased permeability with
time. The exact effect of the dispersed HPMC becomes
more significant when comparing two film mixture
matrix one has high ratio of HPMC and the other has
low rano as shown in Table 1 and Figure 7.

R
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Hence, the release rate was enhanced by the additiop of

hydrophilic polymer (HPMC) to ethylcellulose

Matriy

as shown in Figure 7. Thes:e results were in g

apreement with Shah et al. ™" At 2:8 ratio of EC and
HPMC, 100% drug release occurred after six hours,
which fulfills our aim.

Upon analysis of data, it was surprising that the orde,
of drug release from films of ethylcellulose ang
Hydroxypropyl methylcellulose was not the same
shown in Table 2. As shown in the Figures 8-10, ratios
of ethylcellulose and Hydroxypropyl methylcellulose a5
(10:0, 6:4 and 4:0) .respectively showed first-order

kinetics.

However, ratios (2:8 and 8:2) showed

diffusion controlled mechanism and ratio (0:10) were
zero order kinetics. From the obtained data, the
preferred formula would be a mixture film composed of
ethylcellulose and Hydroxypropylmethylcellulose of

ratio (2:8).

Table (1): Percentage of drug released from ethylcellulose lms each containing 20 mg of piroxicam at different EC:

HPMC ratios.
EC: HPMC | M g

60 120 180 240 300 360

10:0 1.25 1.65 2.06 2.48 2.90 3.34

8:2 591 7.95 9.34 10.63 11.65 12.56

6:4 11,18 14.24 18.64 23.27 26.47 29.86

46 32.17 45.60 62.45 73.71 81.31 86.84

2:8 51.83 60.98 77.86 95.04 98.38 100

0:10 77.72 100 - - ) i B

~ different EC: HPMC ratios.

Table (2): Kinetic data of percentage of drug release from polymeric films each containing 20 mg of piroxicam al

R : Correlation coefficient
K, : First order release rate constant

- Kg : Zero order rate constant
K.y : Diffusion rate constant

EC: HPMC ratios
Mechanism of Release % w/w of polymer —
10:0 8:2 6:4 4:6 2:8 0:10
0.
R 0.999 0.978 | 0.998 e 0.961 0.977
First order T
K, (min™) 0.0004 0.0005 | 0.0008 | 0.0029 0.0068 0.0088
- 4___—_‘-‘-'
R 0.998 0.989 0.9 0.97 0999
Zero order - o7 ’ Lol ity
\ Ky (% released/min) | 0.007 00217 100642 | 0.193 0.1763 | 0360 _
Higuchi's R 0998 | 0999 | 0990 | 0996 | 5995 | 0992
diffusion T T 1.85 . "'?a/
: Ky (Yorcleased/min™ | 1. 0.591 1717 | 5.204 4822 | 588
R 0.996 0.999 [ 0990 | 0.996 0.978 0.985
Log Q vs log 1 Slope 0.647 0.425 0.670 | - 0:637.. 0.408 0.276
' ‘ First Diffusion | First First Diffusion Zero
Best fitted model order model ~order | order ;lnddil | __LMQ |
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Figure (7): Drug release profile from polymeric fims containing 2U mg of piroxicam at aitterent EC:HPMC ratios.
Key: (®), 10:0; (0),8:2; (A), 6:4; (0),4:6; (¥), 2:8; (x), 0:10.
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Figure (8): Drug release profile from polymeric films containing 20 mg of piroxicam at different EC: HPMC mtioé.

Key: (e), 10:0; (0),6:4; (D), 4:6. (first order mechanism)
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1Bure (9): Drug release profile from polymeric films containing 20 mg of piroxicam at different EC:HPMC ratios,

Key: ( *), 8:2; (0), 2:8. , (Higuchi's diffusion model)

37



Figure (10): Drug release profile from HPMC film containing 20 mg of piroxicam.
10.
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