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ABSTRACT

Objective: Transdermal patches of Ketotifen fumarate (KT) were developed for prolonged effect of the drug, and to protect the patient from allergic
symptoms associated with asthma and other allergic diseases.

Methods: Matrix type patches were prepared by solvent casting technique using different types of polymers: Hydroxy propyl methyl cellulose
(HPMC K15M) and ethyl cellulose to formed the matrix of the patch in different ratios, emulsifying agents were added as a penetration enhancers
(Span 60, Tween 60, Cremophor EL) in aratio 0.025% w/v to the matrix, 10% v/v of glycerin was added as plasticizer to 10 ml of chloroform:methanol
(1:1). The drug matrix film was casted on a polyvinyl alcohol backing membrane. All patches were evaluated for physical proprieties, thickness
uniformity, folding endurance, moisture uptake, moisture content, drug content, uniformity of weight, content uniformity, in vitro drug release, and
kinetic models. Differential scanning calorimetry was used to characterize physical mixtures of KT and the different used excipients.

Results: The results showed that the prepared patches had acceptable physical properties. The drug substance was released well. Adding the
penetration enhancers delayed the release of the drug from the matrix in all the prepared formulas, formula A2 that having no enhancer, showed
maximum amounts of drugs release (90.06+0.9)% for 24 hrs. However, adding penetration enhancers decreased the amount of the drug release,
formula B2 having Tween 60 as a penetration enhancer, showed the maximum release of the drug (87.78+0.88)%, and formula B3 having Cremophor
EL showed the minimum release of the drug (79.13+1.58) at the end of 24 hrs dissolution study. The release of the drug from all formulations was
followed by Korsmeyer-Peppas pattern with n>0.45 indicating that drug release from matrix was mainly happened by swallowed and diffusion (non-
Fickian pattern).

Conclusion: Optimized formula A2 containing the maximum amounts of HPMC K15M showed a controlled release of the drug over 12 hrs, and it
identified as a successful formulation for this study.

Keywords: Transdermal matrix patch, Ketotifen fumarate, Hydroxypropyl methylcellulose K15M, Ethyl cellulose, Span 60, Tween 60, Cremophor EL,
Solvent casting technique.
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INTRODUCTION

Ketotifen fumarate (KT) is an antiallergic drug. It is widely used for the
treatment of many allergic diseases such as asthma, urticaria, allergic
rhinitis, and allergic conjunctivitis. The pharmacodynamics properties
of Ketotifen are many because it is an inhibitor of the release and
activity of mast cell and basophil mediators, including histamine and
leukotrienes. Thus, it inhibits the bronchial, ocular, nasal, and dermal
responses due to exposure to allergens [1].

KT is administered orally in a dose 1 m twice a day, but bioavailability
is reported about 50% due to the hepatic first pass metabolism [2], by
CYP3A4 and oxidation. Most of the Ketotifen is eliminated and excretion
mainly by kidney to an inactive metabolite with a small amount of
unchanged drug [3].

Transdermal therapeutic system was specifically designed to obtain
systemic blood levels and have been used in the United States
since 1950s. The advantages are: Avoiding the chemically hostile
gastrointestinal environment, providing adequate absorption of certain
drugs that increase patient compliance, also avoiding the first pass
effect and it useful for the effective use of drugs with short biological
half-lives, and also provides controlled plasma levels of the drug.

In transdermal delivery, the drug enters the systemic circulation
without first passing into the hepatic portal system and traversing the

liver. In addition, it gives sustained blood levels and avoids the “saw

tooth” pattern seen with modes of administration [4]. There are many

types of patches which are [5]:

1. Drug-in-adhesive patches: It is the simplest form and most common
patch design. These patches are formed by dissolving or dispersing
drug within an adhesive which is then coated onto a backing layer
before a release liner is applied.

2. Matrix patches: In matrix type transdermal patches [6], the drug
is dispersed homogeneously in a hydrophilic or lipophilic polymer
matrix. Drug containing polymer disk then is fixed onto an occlusive
base plate in a compartment fabricated form of a drug-impermeable
backing layer. Layers of the patched are shown in Fig. 1.

3. Rate-limiting membrane-type patches: This type contains the drug
in a reservoir but with release controlled through a semipermeable
membrane. The reservoir may be liquid or more usually a gel and
can be used for prolonged delivery.

To deliver the drug through the skin, it should have a greater
physicochemical attraction to the skin than to the vehicle, and the
solubility of the drug in both lipid and water, which is thought to be
essential for effective percutaneous absorption, so that ideally enables
log partition coefficient (log p) should be in the range 1-4 to deliver the
skin layers.

In addition, drugs with a molecular weight of 100-800 Da can permeate
skin. The ideal molecular weight of a drug for transdermal drug delivery
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is believed to be 400 or less. In general, drugs penetrate the skin better
in their unionized form [7].

The aim of this study was to develop different transdermal matrix
patches with varied hydroxypropyl methylcellulose (HPMC K15M) and
ethyl cellulose (EC), containing the drug KT. The purpose was to provide
the delivery of drug at a controlled rate across intact skin to achieve
a therapeutically effective drug level for a longer period of time from
transdermal patches.

MATERIALS AND METHODS

Materials

KT was purchased from Zhejiang Huahai Pharmaceutical Co., Ltd.
China, HPMC K15M was purchased from Shreeji Ltd, (Mumbai, India),
EC was purchased from HiMedia Ltd, (Mumbai, India), Glycerin
was obtained from Sigma-Aldrich, UK, Span 60 and Tween 60 were
obtained from (E. Merck, Germany). Menthol was purchased from sun
pharmaceutical, India, Chloroform was received from BDH Chemical
Ltd, England, methanol was received from (E. Merck, Germany),
and Cremophor EL was received as a gift sample from Dar Al Dawa,
Jordan.

Formulation of transdermal patches

Backing membrane of the patch was prepared using 4% w/v polyvinyl
alcohol (PVA), by adding 4 g of PVA to 100 ml distilled water with
stirring on a magnetic stirrer at 80°C. After cooling, PVA solution was
deaerated for 2 minutes by Sonicator. 1 ml of the solution was poured
in circular aluminum foil cups placed in circular mineral mold with
diameter 5 cm and put aside to dry at 25°C for 24 hrs [8].

Transdermal patches were prepared by solvent casting technique.
Polymeric solution obtained by adding the polymers at ratio (0.5% w/v)
in 10 ml methanol:chloroform (1:1) as a solvent, glycerin (10% v/v)
and different penetration enhancers (Span 60, Tween 60, Cremophor
EL) (0.025% w/v) and the drug were added (Table 1).

All ingredients were mixed with ultrasound for 1 hr to obtain a
homogenous solution [9]. Finally, 10 ml from polymeric solution with
the drug was poured on the PVA that prepared previously and covered
with parafilm to avoid fast evaporation solvent for 24 hrs.

Drug excipient interaction study [10]

About 5 mg of the sample was achieved by (Mettler Toledo-OH, USA)
differential scanning calorimetry (DSC). Temperature was rising from
30 to 350°C/minutes. DSC of pure drug, excipients, and excipients with

drug was taken.

0 Adhesive Removable release liner

OBacking membrane

@ Drugin matrix

Fig. 1: Layers of transdermal patch
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Evaluation of transdermal patches
Physical appearance

The patches were observed visually for clarity, smoothness, and
completeness.

Thickness uniformity [11]
The thickness of prepared patches was measured by micrometer screw
gauge in 3 different points, and the average reported.

Folding endurance [12]

Folding endurance was measured by repeatedly folding the patch at the
same place until it broke. The number of times the patch could be folded at
the same place without breaking represented the folding endurance value.

Percentage of moisture uptake [13]

The accurate weight of 3 patches was kept in desiccators containing
saturated solution of potassium chloride in the oven at 25°C to maintain
80-90% relative humidity. The patches were weighted again after 24,
48, and 72 hrs and the percentage moisture uptake was calculated
using the formula below:

_ Final weight — Initial weight "
Initial weight

M% 100

Percentage of moisture content [14]

The accurate weight of 3 patches was kept in desiccators containing
fused calcium chloride in the oven at 25°C to maintain 80-90% relative
humidity. The patches were weighted again after 24, 48, and 72 hrs and
the percentage moisture content was calculated from the formula below:

Final weight — Initial weight

M% = x100

Final weight

Content uniformity [15]

Content uniformity was determined by a procedure reported by European
Pharmacopeia (7% ed, 2011). 10 patches were taken, and each one was
put in 100 ml distilled water at the volumetric flask, and stirred with
ultrasound to extract the drug. The content was filtered through a
Whatman filter paper, and filtrate was examined for the drug content
against the reference solution containing placebo patches with the
ultraviolet spectrophotometer at 303 nm [16] and average was calculated.

In vitro release study [8]

In vitro release study was conducted in Franz Cell with the volume of
receptor compartment 30 ml and cellulose nitrate with diameter 45 um
was used.

The receptor medium (distilled water) was filled in the receptor
compartment and temperature set at 32+1° with stirring at a speed
of 500 rpm. The patch was placed over the membrane, and glass
disk of donor compartment was placed over receptor compartment,
and both compartments were fixed together. A sample of 5 ml was
withdrawn at 0.25, 0.5, 1, 2,3,4,5,6,7,8,9, 10, 11, 12, and 24 hrs
from the sampling port with a long needle syringe and replaced

Table 1: Formulation of transdermal patches

Ingredient FA1 FA2 FA3 FB1 FB2 FB3

*KT (mg) 2 2 2 2 2 2

*HPMC K15M (mg) 25 35 15 35 35 35

*EC (mg) 25 15 35 15 15 15

Glycerin (ml) 10% v/v 10% v/v 10% v/v 10% v/v 10% v/v 10% v/v
Span 60 - - - 0.025% w/v

Tween 60 - - - - 0.025% w/v

Cremophor EL - - - - - 0.025% w/v
Methanol: chloroform (1:1) 10 10 10 10 10 10

*KT: Ketotifen fumarate, *HPMC: Hydroxypropyl methylcellulose, *EC: Ethyl cellulose
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by an equal volume at each sampling time. Dissolution medium
was used to take the blank reading, and samples were analyzed
on spectrophotometry at a wave length of 303 nm to measure the
released amounts of the drug.

Statistical analyses

All the results were expressed as mean values+standard deviation. The
difference between percentages of Ketotifen released at specified time
intervals, from the different formulations, were statistically evaluated
using Friedman test. For results interpretation, p value was significant
when p<0.05.

Kinetic analysis of release data

To describe the release models, in vitro release data from patches
were analyzed according to a zero-order Kkinetic model, a first-
order release model, a diffusion controlled model (Higuchi model), a
Hixson-Crowell release model, and a Korsmeyer-Peppas model. The
model that consistently produced the highest correlation among the
prepared patches was used for the assessment of drug release rates.
For Peppas model, the results were illustrated depending on n values,
when (0.45<n<0.89) means a non-Fickian diffusion and when n=0.45
indicates Fickian diffusion (Higuchi model).

RESULTS AND DISCUSSION

Drug excipient interaction study

In DSC analysis, thermogram was obtained for pure drug showed a
sharp endothermic peak at 198.23°C, so the pure drug is semi-crystal,
and the onset was 194.55°C as shown in Fig. 2.

The DSC analysis of the physical mixture of the drug with HPMC K15M
and EC showed a broad peak at 59.41°C and 63.08°C, respectively,
as shown in Figs. 3 and 4 according to the adsorbed water on this
polymers [17], with maintaining the sharp peak of the drug and no
shifting in the onset melting point that means the drug and excipients
were fused separately, and there was no physical interaction between
the drug and excipients [10].

The DSC analysis of the physical mixture of the drug with Span 60,
Tween 60 and Cremophor EL, showed a decrease in onset melting
point around 8-15 with maintaining the sharp peak of the drug which
indicated an interaction between the drug and the excipients, the
results showed an interaction between the drug and this excipients
Figs. 5-7.
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Physical appearance

All patches showed transparence in color, smoothness, clarity and
softness because of addition of the plasticizer which helped in the
preparation of flexible matrix.

Thickness uniformity
The thickness of all patches was Up or equal to 0.1 mm, results showed
that thickness was increased with adding penetration enhancers.

Folding endurance

Folding endurance was measured, and the results were within a range
of (18-10) as appears in Table 2 in which endurance increased with
increasing the concentration of HPMC K15M. The ratio of HPMC K15M in
the formula has affected the values of folding endurance since the formulas
containing a greater percentage of the HPMC K15M were more strength
and gave the greatest value for folding as in formula Al. Adding the
penetration enhancers (Tween 60, Span 60, Cremophor EL) had reduced
the strength of the matrix slightly and this is due to the oily appearance
of these materials, which has contributed to the increased elasticity of
the matrix. Backing membrane was measured alone which formed the
backbone of the patch, and folding endurance was observed for 150 times.

Percentage of moisture uptake and content

The formulation FA2 showed a maximum of moisture uptake and
content as seen in Tables 3 and 4, because of the effect of hydrophilic
polymer HPMC K15M. The study indicated that there was a proportional
relationship between the concentration of hydrophilic polymer and the
moisture uptake and content of patches.

Content uniformity

All formulations confirmed uniformity of content. This result conforms
to European Pharmacopeia requirements (75-125%) as shown in
Table 5.

Table 2: Folding endurance

Formula Folding endurance+SD
FA1 17+0.96
FA2 18+0.89
FA3 10+1.43
FB1 16+1.64
FB2 15+1.38
FB3 16+0.73

SD: Standard deviation

Aexo
mw =$PHARMACY FACULTY (1-K2) 0031 666-SPHA
PHARMACY FACULTY (1-Kt) 0031666, 4.2660 mg
Method: A(25 - 400) Rate 10
‘{l 25.0-4000°C 10.00°Cimin N2 100.0 mUmin
>
3 P
<
24
Integral -470.18mJ
no ed  -110.22Jg* Integral -162.59mJ
-4 Onse 194.55°C normalized  -38.11.JgM1
Peak Height  14.87mw Onset 217.03°C
Peak 198.23°C Peak Height  1.18 mW
Extrapol. Peak 198.16°C Peak 231.03°C
-6 Endset 202.48°C Extrapol. Peak 231.28°C
Peak Width 456°C Endset 247.91°C
LeftLimit 163.26°C PeakWidth  20.79°C
Right Limit 211.09°C Left Limit 211.09°C
.84 LeftblLimit  163.26°C RightLimit 27519°C
Rightbl Limt  211.09°C Left bl Limit 211.09°C
Heating Rate  10.00"Cmin*1 Rightbl Limit  275.19°C
Baseline Type line Heating Rate  10.00 "Cmin~1
ResultMode Sample Temp Baseline Type line
~104 LefArea 61.95% ResultMode Sample Temp
Right Area 3805% Left Area 37.08%
RightArea 6292%
12
14+
16
T T T T T T T T T T T T T T T T T T
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 *C
Lab: METTLER METRLER TOI

Fig. 2: Differential scanning calorimetry curve of pure Ketotifen fumarate
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Rexo
mw
=$PHARMACY FACULTY (10 - KeHPMC) 00316
PHARMACY FACULTY (10 - KIsHPMC ) 0031675, 4.5000 mg
. Method: A (25 - 400) Rate 10
25.0-400.0°C 10.00°C/min N2 100.0 mUmin
-1 t 49.96 " Endset 84.73°C
]
-2+
Integral -120.90mJ
nomalized  -26.87Jg™1
Integral -51.59mJ Onset 207.15°C
-34{  nomalized  -11.47Jg™M Peak Height  0.66 mwW
Peak Height  0.35 mwW 231.00°C
Peak _ s941°C Extrapol. Peak 226.89°C
o] Extrapol. Peak 53 39°C Integral -269.36 mJ Endset 253.32°C
- Peak Width ~ 2288°C normalized  -59.86Jg*1 PeakWidth  28.75°C
LeftLimit 35.95°C onset 19088°C Left Limit 205.66°C
Right Umit 99 66‘0 Peak Height  6.86 mW Right Limit 281.41°C
] [Ledbitid 998870 Peak 196.91°C LefblLimit  205.66°C
Rightbiimt  99.66°C Edrapol. Peak 197.10°C RightblLimit  281.41°C
:edlrneﬂ{wle : 10.00 *Cmin*1 Endset 20070°C Heating Rate  10.00 *Cmin*1
aseline Type line Peak Width 5569°C Baseline Type line
& ResultMode Sample Temp Left Limit 16469°C Result Mode Sample Temp
LeftArea 4241% Right Limit 20577°C Left Area 47.89%
Right Area 57.59% LeftblUmit  16469°C Right Area 5211 %
Rightbl Umit 20577 °C
7] Heating Rate 1000 *Cmim1
Baseline Type line
Result Mode Sample Temp
LeftArea 6776 %
.8 Right Area 3224 %
.94
T T T T T T T T T T T T T T T T T T
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380  °C
Lab: METTLER METRLER TO

Fig. 3: Differential scanning calorimetry curve of physical mixture Ketotifen fumarate and hydroxypropyl methylcellulose K15M

Aexo

=$PHARMACY FACULTY (9- K1 + EC) 00316
PHARMACY FACULTY (9- K+ EC) 0031674,4.3810 mg

Method: A (25- 400) Rate 10
25.0-400.0°C 10.00°C/min

N2 100.0 mUmin

=2
1 Integral 7611 mJ
34 nomalized  -17.37JgM
Integral -49.73m) Onset 20965°C
normalized  -11.35JgM Integral -26210mJ Peak Height 054 m"l
J Onset 41.28°C normalized  -59.83JgAM Peak 2753°C
-4 PeakHeight 0.23mW Onset 101.44°C Extrapol. Peak 225, 98:0
1 Peak 63.08°C Peak Height  6.04mW Endset 2937°C
] Extrapol. Peak 5§8.55°C Peak 19698°C Peak Width 2430 ?
] Endset 94.87°C Exrapol. Peak 197.24°C Left Limit 2871°C
-5 PeakWidth  3382°C Endset 201.03°C RightUmit  260.64°C
{LetLmt  3805°C PeakWidh  550°C LefblUmit  208.71°C
1 Right limit 107.95°C Left Limit 16612°C Rightbl Limit 260, 64' C
4 Leftbilimit 3805°C Right Limt 20887°C HeatingRate  10.00 *Cmin*1
-6 RightblLimit 107.95°C LeftblLimt  16612°C Baseline Type line
7 HeatingRate  10.00 *Cin®1 RightblLimit 20887 °C ResultMode Sample Temp
] Baseline Type line Heating Rate 1000 *Cmin™1 LeftArea “77%
4 ResutMode Sample Temp Baseline Type line Right Area 523%
1] LeftAra 4384 % ResultMode Sample Temp
] Rightaea  56.16% LefArea 63.66 %
4 Right Area 36.34 %
-84
3 T T T v T T T ¥ T v T T v T ¥ T T v T T T T T v T T T ¥
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 °C
Lab: METTLER METRLER TOI

Fig. 4: Differential scanning calorimetry curve of physical mixture of Ketotifen fumarate and ethyl cellulose

Table 3: Moisture uptake

Table 4: Moisture content

Formula 24H+SD 48H+SD 72H+SD Formula 24H+SD 48H+SD 72H£SD

FA1 0.90+0.13 1.26+0.03 1.39£0.21 FA1 0.65+0.11 0.71+0.07 0.82+0.19
FA2 1.03£0.68 1.72+#1.10 1.40+£1.43 FA2 1.17£0.17 1.17+0.49 1.38+£0.46
FA3 0.17+0.13 0.45+0.30 0.89+0.66 FA3 0.45+0.43 0.78+0.23 0.67+0.26
FB1 0.98+0.08 1.21+0.08 1.36+0.08 FB1 0.76+0.20 1.37+0.15 1.81+0.56
FB2 1.08+0.47 1.16£0.47 1.35+0.36 FB2 0.81+0.15 1.39+0.04 1.46+0.04
FB3 0.75%0.51 0.97+0.44 1.01+0.47 FB3 0.71x0.07 1.26x0.11 1.360.12

SD: Standard deviation

In vitro release study
Invitro drugrelease after 24 hrs was presented in Fig. 8. The formulation
FA2 showed the maximum percentage of the drug release, due to the

SD: Standard deviation

presence of hydrophilic polymer HPMC K15M which was swallowed
and polymer chains opened when contacted with the dissolution
medium and facilitated the drug release.
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Rexo
W
=$PHARMACY FACULTY (12-Kt+Span60) 003167
P Y FACULTY (12- pan60) 0031677, 46510 mg
W Method: A (25-400) Rate 10
25.0-400.0°C 10.00°C/min N2 100.0 miimin
A
\ PR
. 3
-2+
Integral -7053mJ
normalized  -1517Jg™1
Onset 21556°C
o] ., B R o
Ofdet 31.43°C Inkgral -197.73mJ rea 4910210
lized  -42.51 Jgh1 Bdrapol. Peak 23547°C
Peak Height  0.72 mw O %2 Endset 258.39°C
Poak 62.71°C Onset 18660°C d
i Peak Helat  6.47mW PeakWidth 2867 *C
Extrapol. Peak 43.90°C 9 Left Limit 20554°C
. Peak 19308°C
.4- Endset 109.52°C Right Limit 28294°C
Peak Width 50.83°C Bxtrapol. Peak 19323°C Leftbl Li .
. Endset 19830°C L L
LeftLimit 31.43°C Rightbl Limt  28294°C
. PeakWidth  6.79°C g
RightLimit ~ 132.78°C 2 *Cmint
ot 15200°C Heating Rate  10.00 *Cmin*
LeftbiLimit ~ 31.43°C LefiLimit s Baseline Type line
RightblLimt  132.79°C Right Limit 20576°C ResultMode Sample Tem,
-5 . LetbiLimit ~ 15200°C p
S Heating Rate  10.00 *Cmin*1 Left Area 50.78 %
Baseline Type line Rightbl Limit  205.78°C Right Area 4922%
ResultMode Sample Temp Heating Rate  10.00 *Cmin®1 -
LeftArea 41.25% Baseline Type line
Right Area 58.75% ResultMode Sample Temp
LeftArea 61.36%
-6 Right Area 3864 %
T T . L . T L T L . . . R . . . . T L . . . . S
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 °C
Lab: METTLER METHLER TO

Fig. 5: Differential scanning calorimetry curve of physical mixture of Ketotifen fumarate and Span 60

ResultMode Sample Temp Baseline Type line

5 Left Area 4739% ResutMode Sample Temp
Right Area 5261% LeftArea 7021 %
Right Aea 2979%

2.0

-14261m)
-3267JgM

o onset 3539°C
Peak Height  0.53 mwW
Peak 6254°C

bo 4 Extrapal. Peak 5567 °C
Endset 105.44°C
PeakWdth  4577°C
Letlimt  3447°C

bs RightUmit  125.20°C
LeftblLimit 3447°C
Rightbi Limit  125.20°C
Heating Rate  10.00 *Cmin*1

Baseline Type ine
ResultMode Sample Temp

Aexo
W =$PHARMACY FACULTY (13-Kt+Twen 60) 00316
] Integral 4941 m) PHARMACY FACULTY (13-Kt+Twen 60) 0031678, 4.3650 mg
normaized  -4.45Jg° Integral -12681m) Mehod: A (25-400) Rate 10
Onset 19 normalized  -29.05JgM1 250-400.0°C 10.00°C/imin N2 100.0 mUmin
bo Peak Height  1.02mw Onset 18054°C
Peak 3052°C Peak Height 213 mw
Extrapol Peak 30.16°C Peak 191.40°C
Endset 3330°C Extrapol. Peak 192.02°C
bs ] PeakWidth  320°C Endset 195.97°C
Left Limit 822°C Peak Wdth 895°C
Right Limit 3445°C LeftLimit 15451°C
Leftbl Uimit 2819°C Right Umit 201.58°C
0 Rightbilimit 34.45°C LeftblLimit 15451°C
HeatingRate  10.00 *Cmin*1 Rightbi Limit 201.58°C
Baseline Type line Heating Rate  10.00 *Cmin™1

LeftArea 4031% a
Right Area 5963 %
T T T T T T T T T T T T T T T T T
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 *C
Lab: METTLER METRLER TOI

Fig. 6: Differential scanning calorimetry curve of physical mixture of Ketotifen fumarate and Tween 60

Table 5: Content uniformity

Formula Content+SD
FA1 99.44+1.14
FA2 95.74+0.91
FA3 94.04+1.06
FB1 96.94+1.25
FB2 95.89+0.90
FB3 94.64+0.99

SD: Standard deviation

The results showed the initial release of the drug after 15 minutes of
the test in all formulations, and the formula FA2 was the fastest formula

released by 6.17%. The rapid release of the KT from the matrix that
containing (HPMC K15M) may be due to the hydrophobic nature of
the drug (Log p=2.2), thus having a tendency to leave the matrix and
reach the solubility medium. In addition, HPMC K15M has the ability
to absorb water and be swallowed, which increases the speed of drug
release.

The release rate of drug through the matrix decreased when the
concentration of EC (hydrophobic polymer) was increased. However,
adding different types of emulsifying agents had decreased the release
rate of the drug Fig. 9, due to increasing the viscosity of the polymer
HPMC K15M which kept the drug in the matrix and affected the released
amount of the drug [18].
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Aexo

mw

1 Integral -52.51mJ Integral -217.34mJ
-3 nomalized  -11.82JgM normalized  -48.91 Jg™1
Onset 4313°C Onset 18679°C
Peak Height  0.23 miW Peak Height  4.66mwW
Peak 64.40°C Peak 19372°C
Extrapol. Peak 65.19°C Bxtrapol. Peak 19400°C
-4- Endset 94.27°C Endset 19900°C
4 Peak Width 34.05°C Peak Width 6.93°C
LeftLimit 3831°C Left Limit 15174°C
4 RightLimit 131.01°C Right Limit 20688°C

Leftbl Limit 3831°C

54 RightblLimt 131.01°C

4 HeatingRate 10.00°Cmin*1
4 Baseline Type line Baseline Type line
ResultMode Sample Temp ResultMode Sample Temp
4 LefArea 3496% LeftArea 60.61 %

.64 Right Area 65.04% Right Area 39.39%

Leftbl Limit 15174°C
Rightbl Limit  20688°C
HeatingRate  10.00 *Cmin*1

4 =$PHARMACY FACULTY (14-K2 « EL) 003167
PHARMACY FACULTY (14-Kt+EL) 0031679, 4.4440 mg
Mehod: A(25-400) Rate 10

250-400.0°C 10.00°Gimin N2 100.0 mUmin

Integral -67.79mJ
nomalized  -15.25Jg*1
PeakHeight  0.38 mwW
Peak 23268°C
Extrapol. Peak 233.88°C
Endset 259.99°C
Peak Width 2767°C
Left Limit 208.03°C
Right Limit 28225°C

Left bl Limit 208.03°C
Rightbl Limit  282.25°C
Heating Rate  10.00 *Cmin*1
Baseline Type line

Result Mode Sample Temp
LeftArea 3245%

Right Area 67.55%

T T T T T
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Fig. 7: Differential scanning calorimetry curve of physical mixture of Ketotifen fumarate and Cremophor EL
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Fig. 8: Release of Ketotifen fumarate from various ratio of
matrix
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Fig. 9: Release of Ketotifen fumarate from matrix with
penetration enhancer

The incomplete release of the drug may be due to the limited access
of many drug molecules to the dissolution medium because of similar
nature lipid properties of the excipients and the drug, which inhibited
the release of the drug.

Tween 60 released the drug more than Span 60 because of ethylene
oxide groups which linked with hydrogen bond acceptor in HPMC
K15M that supported the release. Cremophor EL showed a minimum
release because of formed micelles around the matrix which prevented
the release of the drug.

Statistical analyses of the outcomes

Statistical analyses produced statistically significant differences among
all formulations and p<0.05. In fact, p values were halfway between
0.01 and 0.05.

Kinetic analysis of the release data

In vitro release data of all formulations were in accord with different
equations and kinetic to explain the release kinetics of the drug from
transdermal patches, zero-order, first-order, Hixson-Crowell, Higuchi,
and Korsmeyer-Peppas Models. The best fit with the highest coefficient
of determination r? was shown by Korsmeyer-Peppas model for all
formulations. The release exponent (n) value was <1, confirming the
release pattern was approaching zero-order Table 6.

CONCLUSION

Six formulations of KT patches were prepared using various ratios of
polymers (HPMC K15M and EC). The formula A2 showed a maximum
release (90.06+0.9)% for 24 hrs. Incorporation of emulsifying agents
as penetration enhancers were decreased the release of the drug, the
formula B2 that contained Tween 60 showed a maximum release of
all the penetration enhancers (87.78+0.88)% and formula B3 having
Cremophor EL showed minimum release of the drug (79.13+1.58)% at
the end of 24 hrs dissolution study.

Physiochemical properties of patches. Kinetic release of the drug
showed that all formulations released by Korsmeyer-Peppas model.
The results were congruent with goals of the study and suggested that
new controlled release transdermal formulations of antiasthmatic
drugs can be used as an alternate to conventional dosage forms.
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Table 6: Kinetic release data of formulation

Formula Zero-order (r?) First-order (r?) Higuchi (r?) Hixon (r?) Peppas (n) Peppas (r?)
FA1 0.869 0.653 0.943 0.922 0.526 0.970
FA2 0.802 0.595 0.948 0.895 0.528 0.972
FA3 0.838 0.616 0.955 0.889 0.602 0.988
FB1 0.815 0.607 0.952 0.890 0.544 0.989
FB2 0.793 0.591 0.942 0.878 0.540 0.982
FB3 0.787 0.544 0.947 0.856 0.585 0.976

r?: Correlation coefficient
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