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ABSTRACT

Background: Successful treatment of cancer is yet remained as a challenging concern in
public health. Transdermal delivery of hormonal therapy offers several advantages over
the oral route associated with potential side effects. Methods: The present investigation
preparation and screening of rate controlling membranes using Eudragit release liners
of RS 100, hydroxyl propyl methyl cellulose K4M (HPMC K4M) and ethyl cellulose by
plate casting method and their physicochemical characterization. The prepared release
liners were subjected for preformualtion studies (thickness, weight variation, moisture
uptake, folding endurance and moisture loss). Tamoxifen citrate is an ideal molecule for
the transdermal reservoir for the preparation of gel dosage form due its dosage regimen.
Results: The main investigation, topical gel TC was prepared using HPMC K4M and
Carbopol 934 as gelling agents in different proportions with Dimethyl Sulfoxide (DMSO)
as a penetration enhancer. TC gels were subjected for the physicochemical parameters
such as pH, viscosity, spreadability. Conclusion: The TC gel diffusion was conducted
by using rate controlling membranes (release liner). The TC gel skin permeation was
investigated by using excised rat skin as a barrier.
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INTRODUCTION
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strategies of cancer treatment, it is still con- ~ prodrug which can be metabolized in the

sidered a great challenging disease for health ~ liver and became a potent Estrogen Recep-

tor (ER) ligand. TC is one of the first lines
of therapy for treating hormone-responsive

professionals. Hormonal chemotherapy of
cancer is an efficient method of cancer treat-
ment in hormone-responsive breast cancer ~breast cancer in pre- and post-menopausal

patients. Emerged in the early 19" century, Wwomen.'

hormonal chemotherapy, such as removing
patient’s adrenal glands (bilateral adrenalec-
tomy), became a common practice in breast
cancer treatment, as the only option of
therapy. Soon after, tamoxifen and further
aromatase inhibitors were discovered and
substituted the organ dissection approach in
breast cancer treatment protocols. Tamoxi-
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The delivery of hormones in cancer hor-
monal chemotherapy can be accomplished
by several administration routes, mainly
categorized into parenteral and non-pat-
enteral routes. Transdermal drug delivery
route is one of the favorite non-parenteral
routes of administrations in this case. A
typical Transdermal Drug Delivery Sys-
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tem (TDDS) consists of an adhesive patch containing
a drug reservoir (commonly a gel system) and a rate-
controlling membrane made of polymers. This system
is applied on the skin and via that a controlled and sus-
tained drug release pattern can be achieved to the skin
surface. In general, TDDS systems have many specific
advantages over other delivery approaches, of note, the
improved patient compliance due to their non-invasive
nature, negligible side effects and less chance of drug
overdosing in patients. A number of FDA approved
transdermal products have demonstrated a successful
application of TDDS, for instance, Transderm-Nitro™,
Estraderm™, Duragesic™, D-TRANS™, Androderm™
and Catapres-TTS™.? An optimized TDDS can release
its embedded active molecules with a narrow therapeu-
tic index in a very controlled fashion.”> Howevet, to
reach a successful therapeutic outcome, the released
therapeutic agent should pass a very complicated
process from the skin surface to the systemic blood
circulation. In this process, several steps have major
effects on the overall bioavailability of the applied
drug, such as physicochemical properties of the active
ingredient (dissolution behavior, partition coefficient,
etc.) and its passive diffusion through different layers
of skin, such as epidermis and dermis. The general
method for the preparation of a gel as a reservoir of a
TDDS is by combining the hydrophilic and hydropho-
bic polymers and physically or chemically cross-links
them to have a viscoelastic gel structure. Therefore,
an important criterion to design an efficient TDDS is
the selection of the appropriate embedding polymer.
Several gel-forming polymers have been reported in
the literature for TDDS preparation. Among them,
hydroxypropyl methylcellulose (eg., Methocel K4M,
4000cP and Methocel K100M, 75000cp) and Carbopols
(eg., Carbopol® 934) are attracted more attention, due to
their suitable biocompatibility and ease of application.”®
For instance, Carbopols are a group of high molecular
weight carboxyvinyl, homo-and copolymers of acrylic
acid which are the suitable hydrogel-forming polymers.
If the polymeric gels are cross-linked by polyethers,
such as allyl sucrose, the resulting polymeric gel behaves
like a non-Newtonian fluid. Examples of these hydro-
gels were used in the preparation of typical reservoir
TDDS formulations.’

Next step of TDDS fabrication is to control the release
of the drug from the reservoir. Various polymers are
reported in the literature as a rate-controlling membrane
for developing a reservoir TDDS. For instance, cellu-
lose derivatives, chitosan, carrageenan, polyacrylates,
polyvinyl alcohol, polyvinylpyrrolidone and silicones are
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among the most used membrane structures which were
reported in the past.*!’

Eudragit RL100 and Eudragit RS100, both are copo-
lymers of ethyl acrylate and methyl methacrylate and
have a low content of methacrylic acid ester with some
quaternary ammonium groups in their molecular struc-
tures. While technically insoluble in water, the presence
of quaternary ammonium groups as a salt causes these
polymers to be very little (RS100) to highly (RL100)
permeable to the water.”® This unique characteristic
enables researchers to customize the release profile of
the drugs in TDDS by a combination of different ratios
of RL and RS grades of Eudragit in the rate-controlling
membrane. Additionally, there are several reports on the
controlled release of drugs by TDDS and other dosage
forms by using Ethyl Cellulose (EC) and hydroxypropyl
methylcellulose K4M (HPMC K4M). Additionally, the
hydrophobic nature of HPMC K4M and ethyl cellulose
were investigated for the preparation of rate-controlling
membrane for the release of TC."

Another important factor in TDDS preparation is plas-
ticizer. Plasticizers are commonly used in the film form-
ing systems to impart appropriate flexibility to the film
and improve the tensile strength of the prepared film.
The plasticizer should be compatible with the applied
polymers and should have low skin permeability.'"!*
As an example of plasticizer, dibutyl phthalate (DBP)
10-30% (w/w) was investigated in a report for evalua-
tion of its effect on the drug diffusivity which is a critical
factor for developing the controlled release membranes
or films.

In general, the outer layer of the skin epidermis- Stra-
tum Corneum (SC) is the rate-limiting barrier for the
drug for passive diffusion through skin. SC mainly con-
sists of keratinized and lipidic dead cells with no active
transport capability. Transport of substances across this
layer is solely due to the passive diffusion. To enhance
the drug permeation through the skin, penetration
enhancers are often used which can increase the drug
diffusivity or drug partitioning from the formulation or
to skin layers, respectively."'* The mechanism of action
of penetration enhancers is suggested to be by fluidizing
or disordering the lipids and proteins of SC structures.'
However, the exact mechanism of action of these pen-
etration enhancers is not cleat.'®"” For example, it has
been reported that when Dimethyl Sulfoxide (DMSO)
was used as a penetration enhancer it shows three differ-
ent mechanisms of action on the cell membrane based
on its concentration. At the lower concentrations (2.5-
7.5 mol %), it induces the expansion and thinning of the
lipid bilayer, thereby increasing the fluidity of the hydro-
phobic region of the membrane. At the middle range of
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concentrations (10-25 mol %), it induces the formation
of transient “water pores” in the cell membrane, conse-
quently increases the fluidity of the bilayer.” The reorti-
entation of lipid head groups minimizes the free energy
of the system, which results in pore formation in the
skin surface.”'” However, at the higher concentrations
(25-100 mol%), DMSO can extract lipid molecules and
disintegrate the lipid layer in SC."**!

The purpose of this study was to design a transder-
mal delivery system of TC for hormonal therapy of
breast cancer. For that, various TDDS formulations
were developed and tested by different release rate-
controlling membranes and reservoir hydrogels using
a combination of appropriate polymers and excipients.
In this work, we find out a rate-controlling membrane,
consisting of the appropriate composition of Eudragit
RL.100 and RS100, HPMC K4M or EC. At the same
time, we prepared a reservoir gel that can provide the
required physicochemical properties (increased viscosity
for optimal skin application and improved skin penetra-
tion) for an effective transdermal formulation by using
Methocel and Carbopol® 934 and/ ot their combination.
We also used a relatively vast screening method 77 vitro to
find out the suitably performing membrane and reser-
voir combinations in TDDS for transdermal hormonal
therapy of breast cancer.

MATERIALS AND METHODS

Materials

Tamoxifen citrate and Eudragits RL, RS100 was a pur-
chased from Sigma Aldrich (St. Louis, USA). HPMC
K4M and Methocel K100M were also gift samples from
Rolex Chemical Industry, India, Ethyl cellulose and
EC Carbopol® 934 were procured from Titan Biotech
Ltd, India. ScotchPak™ 1109 backing membrane was
obtained from 3M Drug Delivery Systems, Bangalore
India. Other solvents and reagents used were of analyti-
cal reagent grade.

Preparation of release rate liners

The series of preformulation screening study was
adopted for the selection of appropriate quantity of
polymers, additives and solvents. Sixty release liners
were prepared by using low to highest concentration of
polymers, additives and solvents and check the physical
integrity tests the release liners. Finally (12) release lin-
ers were screened out and the same method was repro-
duced in triplicate and standardized. The release liners
were prepared by solvent casting technique according
reported methods and modified accordingly to our
research laboratory* In brief, the polymeric solutions
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were prepared by using appropriate solvents, to the
polymeric solution the dibutyl phthalate (DBH) 10-30%
(w/w) of polymer was added as a plasticizer to enhance
the plasticity and mixed the solution homogenously for
a period of 15 min by using closed vials multi vortexer
(Remi, Bangalore, India). The viscous solutions of dif-
ferent concentration were transferred to ptri dish plates
using aluminium foil as backing membrane with an area
of 63.59 cm? inverted glass funnel with cotton plug was
placed over the plates to prevent the air and the plates
were kept aside for drying at room temperature for 24
hr. After drying the release liners were peeled from
Petridis plates and closed both sides by using aluminium
foil, with having same area and preserved in desiccators
for further studies. The formulae for the release liner are
given in Table 1.

Evaluation of release rate liners

The prepared release membranes were subjected to
various physicochemical evaluations, including visual
properties (any cracks or ruptures), measuring of the
thickness, weight uniformity, extent of moisture absorp-
tion, folding endurance and tensile strength evaluations.
The thickness of the prepared films was measured for
each batch, using digital verniermicrometer (Mitoyoto,
Japan) at different regions and the mean value of each
sample was determined. Each individual film was ini-
tially weighed (Precision Digital Instrument, India)
and then the percentage of moisture absorption was
determined by placing the films for 72 h in a desicca-
tors where a constant 84% Relative Humidity [RH] was
provided by using a saturated sodium chloride solution.
During this time, the weight of the films was periodi-
cally measured. The difference between the final and the
initial weight of the films was considered as the extent
of moisture absorbance when the weight variation of
the film reached the plateau.

The folding endurance of the films was determined by
cutting a 2X2 c¢m section of each prepared batch and
then repeatedly folded until it was broken. The number
of times the film could be folded until either to break or
to develop visible cracks was recorded for each sample
as the durability of the film. The tensile strength usu-
ally measures the force required to break apart a film
membrane. The tensile strength of the prepared film
was determined by using a Tensiometer (Erection and
instrumentation Co., Ahmedabad, India). A 2X2 cm
film was fixed between the lower and upper cell grips
and the force then was applied on the upper grip until
the film was broken. The applied force was recorded
and the Young Modulus factor was determined for each
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sample. The detailed measured parameters of the pre-
pared films were presented thoroughly in Table 2.

Preparation of reservoir gel

To cast the reservoir gel of the TDDS, first the drug
(100mg of TC) was completely dissolved in 5 ml of
methanol, then DMSO was added (as a penetration
enhancer) to the methanolic drug solutions to make
10-30% w/v of DMSO mixture. Next, 100 ul. of
Tween 80 was added as a surfactant to maintain the uni-
form phase of the drug mixture. After that, Carbopol
934, HPMC-K-100M or combinations of their differ-
ent ratios were used as the gelling agents. For that, first
1g of each polymer or a mixture of them was mixed
with 50 mL deionized water. In this process, the sieved
polymer powder was gradually added to the solvent over
30 meanwhile mixing by a tiny three-blade mechanical
stirrer (Remi Pvt Ltd., India) at 150 rpm. Next, the pH
value was adjusted at 7.4 and then the mixture was cov-
ered with aluminium foil and continuously stirred at the
same speed for further 24 hr. During this time, the poly-
mer mixture was evaluated regularly to be completely
hydrated and dispersed. Finally, the initially prepared
drug solutions were gradually added into the hydrogel
phase and allowed to be stirred for 2hr to form a uni-
form gel. The compositions of the prepared TC con-
taining gel formulations are shown in Table 3.

In vitro characterization of reservoir gel

The viscosity of the prepared gel was performed using
Brooke Field Viscometer (Bob and Cup type, Com-
merce Boulevard, Middleboro, MA 02346-1031 USA).
The steady shear measurements were recorded at 25°C
at 50 and 100 rpm using spindle number 5, accurately 30
gm of gel was transferred to cup holding cylindrical steel
tube and the viscosity of the hydrogel were recorded,
experiments were conducted in triplicate. The pH of
the gel was measured using (HM digital Hydrometer-80
USA). The gel spread ability of the TC containing 0.5
g of gel was placed with premarked 1cm diameter of a
circle on a glass plate, over which a second glass plate
was placed. The TC gel 500 g was introduced on the
upper glass plate for 8 min.” The increase in the diam-
eter due to spreading of the gel was determined; the
experiment was performed triplicate average vales were
reported results are shown in Table 2. The uniformity
of the drug content of the casted gel was determined
known quantity of TC gel was dissolved in dichloro-
methane: acetone 1:1 ratio, filtered the solutions using
0.22 pm filter, organic phase was evaporated and serial
dilution were made with mobile phase and tamoxifen
citrate was determined by reported method in brief,
Chromatographic separations were achieved with a
Vanquish™ C-8 column (4.8 X 250 mm, 5 um) and a

Table 1: Composition of rate controlling membrane in the preparation of reservoir-type TDS.

Components R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12
RL 100 200 400 600
RS 100 200 400 600
HPMC K4M 200 400 600
EC 200 400 600
% DBT (w/w) (mg) 20 80 180 20 80 180 20 80 180 20 80 180
Acetone (ml) 5 5 10 ) 10
Methanol (ml) 5 10 10 10 10 5) 10 10 3 6 9
Chloroform (ml) 11
Isopropyl alcohol (ml)
Dichloromethane (ml)

Table 2: Composition of TC containing gel.

Components TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8 TC9
TC (mg) 100 100 100 100 100 100 100 100 100
HPMC-K-100 (mg) 1000 250 1000 250 1000 250
Carbopol 934 (mg) - 1000 750 1000 750 - 1000 750
Tween 80 (0. 2% w/v of drug) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
DMSO (% w/w) 10 10 10 15 15 15 20 20 20
Methanol (ml) 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8
Water (ml) QS 50 50 50 50 50 50 50 50 50
Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 4 (Suppl) | Oct-Dec, 2019 S$599
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Vanquish™ C-8 guard column cartridge (4.0 x 3.0 mm,
5 um). A mobile phase consisting of methanol, water
and TEA (90:10:0.1% v/v) was passed through a 0.22-
um membrane filter and degassed by ultrasonication in
vacuum before use. The analysis was performed at the
flow rate of 1 mL/min with a UV detector at 265 nm
and the sensitivity was 1.0 absorbance unit force per
sec.” The n vitro drug diffusion study was conducted
by using Kesiery-Chein Diffusion cell. The acceptor
compartment of the applied diffusion cell had a volume
of 25 mL with an effective sutrface area of 2.8 cm? and
filled with 25 mL of PBS pH 7.4. The temperature of
the cells was kept constant at 37 + 1°C and the accep-
tor compartment solution was kept stirring at 250 rpm
with magnetic bead during the experiment. To test the
diffusion of TC containing gel, we used the prepared
R1-R12 rate-controlling membranes. For that, first 1g
of each gel sample was uniformly spread on the rate-
controlling membranes (with 3.0 cm*diameter effective
area would be 2.8cm?) and then the surface was covered
by ScotchPak™ 1109 backing membrane and placed
between donor and acceptor compartments. The 2mL
of samples were withdrawn from the acceptor compart-
ment at the specific time intervals with a replacement of
an equal volume of fresh PBS solvent to the acceptor
compartment. Next, the samples were analyzed by the
above mentioned optimized HPLC method.

We also tested the diffusion of the drug with the
extracted abdominal skin of the Female Sprague Dawley
rats using the procedure reported previously.® Briefly,
the subcutancous tissues and fats of the extracted skin
were carefully removed, noticing to not damage the epi-
dermis layer. The selected gel formulations (T'C3, TC6
and TC9) and the rate-controlling membranes (R3, R6
and R12) were investigated in this part, using Keshary-

Chien type diffusion cells as described above with the
exception that the rate-controlling membrane was
placed over the rat’s skin. Equivalent 10mg TC contain-
ing gel (1gm) was spreaded to the release liner and then
the ScotchPak™ 1109 backing membrane was used to
cover the rate-controlling membrane on the top of the
drug-gel complex.*® This assembly was placed on the
skin were mounted on diffusion cell across hairless rat
skin the experiment procedure is similar to 7 vitro skin
permeation study. The withdrawn 2ml. samples were
similarly analyzed by HPLC method. The cumulative
amount of drug diffused per unit surface area of the
skin was then plotted versus time. The slope of the lin-
ear portion of the plot was calculated as flux, Jss (ug/
cm?/hr) and the permeability coefficient was calculated
using Eq. 1: Kp= Jss/C.***" For this section, the proto-
cols of animal handling procedures were performed in
accordance with the CPCSEA guidelines.

RESULTS AND DISCUSSION

Formulations aspects

In this study, we tried to prepare the rate-controlling
membranes and appropriate hydrogels for controlled/
sustained delivery of TC loaded TDDS for hormonal
therapy of breast cancer.

A reservoir-type TDDS is generally composed of a drug
reservoir (in solution or hydrogel formulations) located
between an impermeable backing layer and a rate-con-
trolling membrane which will be in contact to the skin
surface of the patients. The rate-controlling membrane
can be either a microporous or a nonporous polymeric
membrane. Additionally, a pressure sensitive adhesive
polymer is usually applied on the external surface of the

Table 3: Evaluation of rate controlling release liners plasticized with DBT.

Formulation Code Weight uniformity Tensile Thickness (mm) | Folding endurance | Moisture up take (%)
(mg) strength N/mm? 75 RH
R1 0.28+0.01 0.64+0.22 0.14+0.01 67+6.5 3.12+1.5
R2 0.64+0.01 0.56+0.12 0.19+0.02 86+3.8 5.42+3.1
R3 0.92+0.02 0.34+0.16 0.22+0.03 120+4.6 41244 .1
R4 0.29+0.01 0.61+0.09 0.14+0.02 58+3.6 3.9+2.10
R5 0.66+0.03 0.44+0.32 0.18+0.04 86+2.8 5.4215.2
R6 0.91+0.01 0.36+0.19 0.230.02 126+3.7 5.14x2.9
R7 0.32+0.04 0.66+0.42 0.15+0.01 62+3.9 4.13+0.9
R8 0.70+0.04 0.56+0.56 0.20+0.02 88+1.2 5.19+1.1
R9 0.93+0.04 0.28+0.07 0.24+0.01 132+1.8 5.12+3.1
R10 0. 31+0.06 0.59+0.08 0.13+0.04 7412.4 6.52+1.4
R11 0.68+0.01 0.41+0.12 0.19+0.03 90+2.6 7.32+3.1
R12 0.96+0.04 0.2910.45 0.23+0.01 146+1.2 7.8412.4
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rate-controlling membrane to provide close contact of
TDDS with the skin surface.”

Release liners (rate controlling membranes)
studies

In the present study, efforts have made to prepare rate
controlling membranes for control/sustained release of
tamoxifen citrate loaded hydrophilic and hydrophobic
gel were prepared and characterized. Eudragit release
linear, RS 100, K4M and EC have good film form-
ing property. The casting method on mercury surface
was found to be satisfactory to get thin and transpar-
ent or slightly translucent release liners (release linear).
Release linear plasticized with 10% DBP were slightly
brittle and tougher and those with 20% and 30% DBP
were soft and also found to be optimum with respect
to smoothness, flexibility and transparency. Tamoxifen
citrate dosage 10-40 mg daily administration in the form
of tablets for a period 5 years. Based on the pharma-
cological/desited therapeutic level of drug was calcu-
lated. 1gm of gel equivalent 10 mg/2.8 cm?® which can
release a drug for period of 24h. The release linear plas-
ticized with DBP possessed high tensile strength and
variations in folding endurance with respect to the con-
centration of DBP and additives. The release liners of
R3, R9 and R12 films showed the low tensile strength
between 0.3410.16-0.29£0.45 N/mm.? It indicates that
plasticizer molecules are interacting with the forces held
together by polymer chains enhancing to softening of
the polymer nature.”® This phenomenon also correlat-
ing to the folding endurance of the films, as the DBP
concentration was increased the release linear folding
endurance was increase, the DBP 30% w/w release lin-
ear showed 120£0.96-146%1.2 compared release linear
prepared with10-20% w/w of DBT.

All the prepared batches of transdermal patches showed
the thickness variations ranged from 0.14%0.01to
0.23£0.01mm as shown in Table 3. R6, R9 and R12
films showed a higher thickness ranging from 0.2910.01
to 0.9610.04, which may indicate that the low solubility
of the polymer in the selected solvents render uneven
distribution of the polymer layer in this case. Table 3
shows that the percentage of the absorbed moisture
ranged between 3.12+1.5 to 7.841+2.4 (at 75%RH) for
formulations of R6, R9, R10, R12 membranes. This
indicates that due to the difference in the composition
of the films.

Characterization of tamoxifen loaded reservoir
transdermal delivery systems.

To characterize the reservoir part of the TDDS, we
prepared several drug-containing physical gels using
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hydrophilic and hydrophobic polymers. Physical gels
have different macroscopic properties because of their
different elastic, viscous, plastic and thixotropic charac-
teristics.”” The HPMC-K100 gel showed a moderately
higher range of viscosity values from 900-1000cp. At the
same time, the range of viscosities of Carbopol-934 was
the highest ranging from 1800-1900cp. The observed
variations in viscosity can be explained by the polymer
nature and the water swelling capability of the polymers.
HPMC-K100 is a freely water-soluble polymer. More-
over, our study indicated a non-Newtonian (viscoelas-
tic) characteristics for these applied polymers. Figure
1 shows the Scanning Electron Microscopy (SEM)
images of T'C3 and TC9 hydrogel formulations. SEM
of HPMC K100 formulation showed that the drug
was embedded as crystals in the polymer (gel) matrix.
SEM image of TC9 was observed as a plane or smooth
matrix gel structure and it seemed that no drug crystals
could be observed in the matrix. This might be because
that drug was embedded in the amorphous form in the
gel matrix probably due to the presence of DMSO in
the formulations. Besides, the polymer/drug mutual
interactions can a significant effect on the final poly-
morphism of the drug in the formulations.

In vitro Tamoxifen citrate permeation studies

An in vitro permeation study was carried out by using
Keshary-Chien diffusion cell to evaluate R1 to R12 rate-
controlling membrane formulations. Formulations of
TC3, TC5, TC6 T10, TC11 and TC12 showed 60-78%
of cumulative amount of drug permeated through
release liners of R3, R6, R9 and R12 at the end of 24h.
It indicates other formulations had low concentration
of polymer, DBT and DMSO hence the brittle liners
have hindered the formation of micro pores on the
surface of the release liners. The highest cumulative
amount of drug permeated or diffused from formula-
tion TC3, TC6 and TCY (from 7 vitro release data) was
the concentration of hydrophilic and lipophilic combi-
nation of polymers. This diffusion performed across
the release liner of R3, R9 and R12.%?! Results are
shown in Figure 2-4. Figure 5 and 6 shows the order of
highest J. Flux and permeability coefficient was found
in formulations TC3>TC6>TC9 with (R3>R9>R12
release liners) this attributed due the concentration
effect of penetration enhancer DMSO between 10 to
20 % w/w indicating that as the concentration of per-
meation enhancer is increased the drug diffusion and
permeability was increased. Another explanation for
this occurred due the concentration of RL 100 (R3),
HPMC-4KM (R9) and EC (R12) release liners (Figure
7), when they contact with aqueous media they swell
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Figure 1: Typical SEM Photographs of TC3 (A) and TC12 (B).
Scale Bar 300X -100pm.

Figure 4: Cumulative TC release (%), (batches TC1-TC9) at 24
h TC permeated through R1-R12 release liners.

TC release (%), (batehes TC1-TC9) at 1h permeated through R1-R12 relea:
iation (£SD) n=3 (+SD values in between 0.098-2.14).
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Figure 2: Cumulative TC release (%), (batches TC1-TC9) at 1h Figure 5: Flux through the release liners from gels TC1-TC9.
permeated through R1-R12 release liners. Standard deviation Standard deviation (+SD) n=3 (+SD values in between 0.012-
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Drug Permeability coefficient (mg/cm®/h) through release liners from gels TC1-TC9.
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Figure 6: Drug Permeability coefficient (mg/cm2/h) through
release liners from gels TC1-TC9. Standard deviation (+SD)
n=3 (+SD values in between 0.002-0.006).

Figure 3: Cumulative TC release (%), (batches TC1-TC9) at
12hr permeated through R1-R12 release liners. Standard
deviation (+SD) n=3 (+SD values in between 0.87-4.12).
TC7>TC3>TC6>TC9 is 0.309+0.04, 0.359%0.08,
0.40910.04, 0.694 (mg/cm?/h) and 0.034%0.002,
0.037£0.004, 0.059£0.0006, 0.0694i0.003,mg/cm2/h.
The lowest flux and permeation was found in the
order of TC1>TC2>TC4>TC5>TC8 is 0.027£0.02,
0.042£0.34, 0.087£0.028, 0.06610.061, 0.1231+0.043,

formation of simple micro pores. However, the gel
containing high concentration of DMSO could cre-
ate the micro pores on the surface of the release liner
and finally increase in the diffusion (permeation) of the
drug from the formulation was concluded. The high-
est J. Flux and permeation was found in the order of
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mg/cm?/h)and 0.004+0.002,0.005+0.001,0.009£0.002,
0.01620.005 and 0.017+0.004 (mg/cm?/h), respectively.
We also evaluated the kinetics of the release and fit-
ted the results in to various release models Among the
hydrogel formulations, TC3, TC6, TC9 and TC12 fitted
well into the zero order release model, showing corre-
lation coefficient values between 0.985to 0.996, while
TC1, TC2, TC4, TC5, TC7 and TC8 hydrogels best
fitted with first-order release kinetics. Hixon-Crowell
and Highuchi models were also applied to the release
data. This showed a higher R? values for Highuchi than
Hixon-Crowell model for all formulations. Additionally,
it seemed that the data of drug release of all batches fol-
lowed a diffusion rate-controlled mechanism. Another
tested model of the release was Korsmeyer-Peppas.
Considering that, we found that in general the of TC3,
TC6, TCY9 and TC12 formulations were>0.785.This
indicates that the release mechanisms of these formula-
tions follow the zero order model, while for T'C1, TC2,
TC4, TC5, TC7 and TC8 hydrogels the values were
between 0.624 to 0.735 implying a non-Fickian diffu-
sion release mechanism.

Next we used an iz vitro skin permeation study using
rate skin and Keshary-Chien type diffusion cells. Based
on our previous release results, we selected R3, R6, R12
membranes and evaluated the most efficient prepared
gel formulations (TC3, TC6 and TCY) using this 7 vitro
approach. Moreover the TC3, TC6 and TC9 gel for-
mulations have a combination of hydrophilic a hydro-
phobic polymers characteristic. We determined the
cumulative drug release percentage (% CDR), | Flux and
permeation coefficient (Kp) values of different hydro-
gel/membrane combinations. Among different formu-
lations, we found that TC3 gel versus R3, R6 and R12
membranes had a %CDR of 0.7911.2, 3.05+0.98 and
12.3810.67, mg/cm?/h, respectively, at 1 h evaluation.
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Figure 7: Percentage Cumulative amount of drug release (mg/
cm?/h) through skin from formulation of TC3, TC6 and TC9
with release liner R3, R9 and R12. Standard deviation (+SD)
n=3 (+SD values in between 0.002-0.006).
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At 12hr, 16.78%1.4, 26.78+1.64 to 52.5212.34 and end
of 24hr it was 26.75+2.62, 39.24+2.8 and 58.74%3.6
mg/cm?/h.

TC6 gel versus R3, R6 and R12 membranes had a
%CDR of 0.9810.65, 4.1+0.56 to 15.7+0.46 mg/cm?/h
at 1 h evaluation, however, the same formulation at 12 it
was found that 21.68%1.48 to 55.5010.98, at the end of
24hr is 21.68%0.83, 35.81£2.34 and 63.08 mg/cm?*/h.
Moreover, %6CDR of TC9 versus R3, R6 and R12 mem-
branes at 1h evaluation were 3.510.42, 18.75120.64 and
3.09 mg/h/cm? at 12 hr it was found that 32.67£0.97,
58.7312.44 and 45.65 mg/h/cm? and also at 24hr the
valves were 50.21+0.95, 68.24£0.54 and 64.89 mg/h/
cm?, respectively. This study indicate that Tamoxifen
containing gel successfully permeated skin through rate
controlling membranes with the effect of enhancer
DMSO induced the formation of transient “water
pores” in the cell membrane, consequently increases the
fluidity of the bilayer.""”

Figure 8 shows the steady state skin J. Flux of TC3 gel
versus R3, R6 and R12 membranes were 0.079%0.02,
0.035%0.04 and 0.123£0.01 mg/cm?/h, TC6 gel versus
R3, R6 and R12 membranes were 0.20910.04,
0.244%0.03 and 0.245+0.01 mg/cm?/h, J. Flux of
TC3 gel versus same membranes were 0.441£0.04,
0.663%0.05 and 0.558+0.06 mg/cm?/h.

The skin permeation coefficient of TC3, TC6 and
TC9 combined with R3, R6 and R12 membranes are
reported in Figure 9. The obtained data was TC3 ver-
sus R3, R6 and R12 were 0.008 £ 0.002, 0.009 £ 0.003
and 0.013 mg/cmz/h. In case of TC6 versus R3, R6 and
R12 were 0.022+0.001, 0.025+0.004 and 0.02610.001
and T9 versus R3, R6 and R12 determined valves were
0.004£0.001, 0.066 £ 0.002 and 0.056 * 0.003 mg/
cm?/h, respectively.
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Figure 8: Flux through Skin (mg/cm?%h) from gels TC3, TC6
and TC9. Standard deviation (+SD) n=3 (xSD values in be-
tween 0.002-0.091).
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Figure 9: Skin permeability coefficient (Kp) (mg/cm?/h) from
gels TC3, TC6 and TC9. Standard deviation (+SD) n=3 (+SD
values in between 0.002-0.091).
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Figure 10: Cumulative amount of pure (TC) release (mg/cm%h)
through R3, R9 and R12 and with skin. The donor compart-
ment consists of phosphate buffer saline (7.4 pH PBS).
Saturated solution of 10 mg in 5mL is used in the experi-
ment). Standard deviation (+SD) n=3 (+SD values in between
0.016-2.78).

Figure 10 show the pure Tamoxifen citrate shows
the cumulative amount of drug permeated through
release membranes and pure Tamoxifen citrate skin
permeation through rate controlling membranes. The
obtained data revealed that the 2.66+0.92 to 3.27+0.65
mg/ cm?/h of dug permeated across the rate controlling
membranes (R3, R6 and R12) at the end of 24 hr. Simi-
larly, only 1.24+0.05 to 2.56+0.09 mg/cm?/h of dug
permeated across the skin. From these experiments we
concluded that solubility of drug in aqueous solution
is the major barrier and solubility of tamoxifen base is
0.0004 mg/ml and its salt form is 2.0-3.0 mg/ml. The
salt form of drug is partially soluble but less partition-
ing of the drug through the skin and research group
reported that, the Tamoxifen is an ideal candidate for
TDDS; however transdermal delivery of moderately
large molecules such as tamoxifen (MW 563.65) is often
extremely difficult, if not impossible, without the assis-
tance of penetration enhancers. Hence, our investigated
results therefore suggest that TC loaded HPMC-K100
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and Carbopol-934 gels and rate controlling membranes
have may serve as effective drug carrier and a useful
anticancer platform. In our present study the lag times
seen are relatively short indicating that steady state flux
is achieved rapidly and the rapid uptake from transder-
mal reservoir. A common release lag time was found for
the tested formulations ranging between 28 to 36 min.
This might indicate that the variation in the TC cumula-
tive release, J. Flux and permeability coefficient of every
formulation depend upon the donor compartment and
the condition of the skin. Also the drug concentration
gradient in biological membrane can significantly con-
tribute in the release behaviour from the TDDS. This
is in fact due to the very complex and heterogeneous
nature of the biological membranes.’”* The analysis
of TC content in TC3, TC6 and TC9 gel formulations
confirmed a full recovery of the drug from the gel net-
work. We found that the TC released content was about
98-99%=*2.8 in these formulations. Furthermore, TC3,
TC6 and TCY subjected to the release kinetics model-
ling (data not shown) revealed that in general the TC
release was mainly governed by the passive Fickian dif-
fusion mechanism (R? regression coefficient= 0.9876)
and zero order kinetic model with the correlation coef-
ficient values between 0.993 and 0.996.

CONCLUSION

In this study we evaluated by prepared membranes by
Eudragit, HPMC4K and EC polymers for release con-
trolling of TC from the hydrogel sin a TDDS. The
obtained results revealed that reservoir-type TDDS
of TC successfully can be prepared by a combination
of HPMC-K100 and Carbopol 934. The suitable and
transparent films of Eudragit RS100, RL 100 HPMC
K4M and EC were developed. The physicochemical
studies of the prepared gels revealed a non-Newtonian
(viscoelastic) behavior of these gels. The iz vitro and
skin permeation results of the prepared TC-containing
gels could be considered suitable in term of transder-
mal delivery application. Based on these results, TC-
containing gel formulations showed a zero order and
non-Fickian diffusion release mechanism. Addition-
ally, the J Flux result of the formulations was found
to be highly dependent on the concentration in a non-
linear fashion. TDDS composed of a combination of
the selected polymers showed an excellent drug release
properties through RS§100, HPMC-K4 and EC film as
the rate-controlling membranes (release liners). The
optimized TDDS can be a promising candidate for fur-
ther studies in human cadaver skin and % vive. These will
pave the way to eventually prepare a convenient trans-
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dermal delivery approach in hormonal therapy of breast
cancer patients.
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PICTORIAL ABSTRACT SUMMARY

The present investigation, topical gel TC was prepared
using HPMC K4M and Carbopol 934 as gelling agents
in different proportions with Dimethyl Sulfoxide
(DMSQO) as a penetration enhancer. TC gels were sub-
Kesharv-  Reservot ; jected for the physicochemical parameters such as pH,

T ot ThRatk viscosity, spreaddability. The TC gel diffusion was con-

Transdermal ~— Release

delivery ~ liners ' g permeation
J Chien : P ducted by using rate controlling membranes (release
liner). The TC gel skin permeation was investigated by
using excised rat skin as a bartier.
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