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ABSTRACT 

Many breast cancers have estrogen receptors (ER), and the growth of these tumors can be stimulated by estrogen. Fulvestrant down 
regulates the ER protein in human breast cancer cells. Fulvestrant is an ideal candidate for transdermal drug delivery because of it 
has a low oral bioavailability and suitable partition coefficient value (1.99) for a drug to be eligible for transdermal delivery systems, 
i.e. value is in the range of 1-3 and this is an important prerequisite for any product to be administered through transdermal drug 
delivery system, for its therapeutic applications. In this study, it has been demonstrated that fulvestrant can be administered 
through transdermal application with predetermined targeted release. Formulations have been characterized by FTIR to evaluate 
any interaction of the drug with the vehicles or inactive ingredients used in the preparation of patches. Transdermal patches were 
prepared, using reservoir concept and were subjected to in-vitro skin permeability studies.  The data obtained from invitro skin 
permeability studies is fitted with kinetic models to determine drug release mechanism, and it was found that the drug release 
pattern follows zero order kinetics. Also it has been demonstrated that targeted concentration has been achieved in the in one of 
the formulations tested. These preliminary studies can lead to further studies to evaluate the formulations to achieve therapeutic 
levels by conducting in in-vivo also. Fulvestrant transdermal patch provides ease of application over the current marketed 
formulation which is given by intramuscular route which is a painful for the patients due to its composition.  
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INTRODUCTION 

Fulvestrant is an estrogen receptor antagonist that binds 
to the estrogen receptor in a competitive manner with 
affinity comparable to that of estradiol. Many breast 
cancers have estrogen receptors (ER), and the growth of 
these tumors can be stimulated by estrogen. Fulvestrant 
unlike Selective estrogen receptor modulators has no 
known agonist (estrogenic) effect and down regulates the 
Estrogen Receptor protein in human breast cancer cells1. 

Fulvestrant was chosen as the candidate for this study 
since it possesses near ideal characteristics that a drug 
must have in formulating a transdermal drug delivery 
system: low molecular mass, optimum lipid solubility, 
effective in low plasma concentration as well as high 
degree of first-pass metabolism. The aim of this study was 
to develop and evaluate transdermal patch of fulvestrant 
so as to achieve optimum permeation rate as comparable 
with marketed formulation of fulvestrant i.e. Faslodex 
(Intramuscular injection, 250 mg in a 5mL oil based 
vehicle.).  When drug bioavailability was investigated in 
the Rabbits, as presented in the Table 1, it has been 
hypothesized that a target concentration could be 
achieved if the permeation rate of fulvestrant achievable 
close to 0.35mg/hr. However this has to be verified with 
practical in vivo experimentation. The Authors currently 
undertaking these trials. 

 

 

MATERIALS AND METHODS 

Fulvestrant obtained from Cornier Chem & Pharma 
Co.Ltd. (China),  Ethylene co-vinyl acetate (EVA) 
containing 25 wt % Vinyl acetate from Sigma-Aldrich  
(Japan), 1-methyl -2-pyrrolidone (NMP) from Merck India 
Ltd. (Mumbai), sodium hydroxide from Merck India Ltd. 
(Mumbai), Potassium di hydrogen phosphate from Merck 
India Ltd. (Mumbai). All the chemicals and reagents used 
were of analytical reagent grade. 

Drug partition coefficient 

n-Octanol (100mL) was saturated in 100 mL of pH 7.4 
phosphate buffer for a period of 12 hrs. Then, 50 mL of 
the saturated octanol was transferred to a separator 
funnel and 50 mL of freshly prepared pH 7.4 phosphate 
buffer was added to this. 50mg of fulvestrant was added 
to the separator funnel. The funnel was corked and 
shaken vigorously for six hour. In between the process, 
the separator funnel was uncorked for small intervals in 
order to vent off the pressure built in within the system. 
After one hour period, the separator funnel was uncorked 
and set aside to allow layer separation. Then the aqueous 
layer and organic layers were collected in separate 
vials2,3. The samples were spectrophotometrically 
analysed using UV Spectrophotometer to obtain 
respective drug contents at 280nm. 

Interaction studies 

Interaction studies were conducted by FT-IR Analysis. 4  
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IR Analysis: The IR absorption spectra of the pure drug i.e. 
fulvestrant (Fig 1), polymer i.e. EVA (Fig 2) drug and 
polymer (Fig 3), also optimized formulation (Fig 4) were 
taken in the range of 400-4000cm-1. 

Preparation of drug release rate controlling membrane 

EVA copolymer membrane was prepared by Solvent 
evaporation method. The authors have referenced an 
article published by Ramesh Panchanghnula et cal 2002, 
which is one of the articles published about the 
application of this polymer in transdermal membrane 
preparations.5   Required amount of EVA was weighed 
and transferred to 100 mL beakers. Then 50mL of 
chloroform was added to each beaker to give solutions of 
concentration 3%, 6%, 9%, 12%. These solutions were 
kept aside overnight, to allow the polymer to swell. Later 

the solutions were heated at 50-55°C for 10 minutes. 
Then 10 mL of this solution was slowly transferred into 
the square glass mould and left for 7 hrs for evaporation 
of solvent in order to obtain a thin film.  

Preparation of Fulvestrant drug reservoir and of 
transdermal patch: 

In 0.4mL of NMP, 100mg of fulvestrant is added and 
properly mixed to give a uniform drug reservoir. In the 
pouch prepared with EVA membrane, drug solution is 
poured, and then the pouch is sealed on fourth side at 
150°C for 4–8 seconds by a heat sealing device 
corresponding to a 4 cm2 surface area. 4% polyvinyl 
alcohol2 was used as backing layer. Reservoir patches 
were coated with adhesive layer and patches were 
protected using a protective release liner (wax paper) 6. 

 

Table 1: Composition of transdermal patch 
Formulation Solvent system Amount of FST Rate controlling membrane 

F1 NMP 100mg 3% EVA 
F2 NMP 100mg 6% EVA 
F3 NMP 100mg 9% EVA 
F4 NMP 100mg 12% EVA 

 

Ex vivo skin permeability studies 

Franz diffusion cell was used for these permeation 
studies, properly thawed porcine skin was mounted 
between the compartments of the Franz diffusion cell 
with the stratum corneum side facing the donor 
compartment and the dermal side facing the receptor 
compartment. The volume of the Franz diffusion cells is 
12mL7. The patch to be tested was placed on the skin i.e. 
in donor compartment.  Phosphate buffer solution of pH 
7.4 (12 mL) (37°C ± 1°C) was used as receptor phase and 
the entire assembly was kept on a magnetic stirrer with 
continuous stirring of the solution in the receiver 
compartment8. Samples were withdrawn at regular 
periods through the sampling port and replaced by an 
equal volume of fresh buffer solution maintained at 37°C. 
The samples were filtered through a 0.2µm filter 
membrane, absorbance of sample was measured 
spectrophotometrically at 280nm against blank 
(phosphate buffer solution of pH 7.4). The amount of 
drug permeated was plotted against time. 

Curve fitting analysis  

To examine the drug permeation kinetics and mechanism, 
drug release data were fitted to kinetic models such as 
zero-order, first-order, Higuchi, Peppa’s. Qt versus t (zero 
order), log Qt versus t (first order), Qt versus square root 
of t (Higuchi), log Qt versus log t (Peppas), where Qt is the 
amount of drug released at time t. The criteria for 
selecting the most appropriate model are highest R2 value 
as it indicates the linearity of data9. 

 

 

RESULTS AND DISCUSSION 

Transdermal patch of fulvestrant was formulated based 
on reservoir type design. n-octanol and in vitro study fluid 
(here phosphate buffer, pH7.4) are considered to the 
standard system for determining the drug partition 
coefficient between skin and in vitro fluid10 (carvedilol). 
The logarithmic value of the partition coefficient was 
found to be 1.99±0.02. The results obtained indicate that 
the drug possesses sufficient lipophilicity, which meets 
the requirements of formulating it into transdermal 
patch.  

Interaction studies were carried out to ascertain any 
interaction of the drug with the excipient used in the 
preparation of Transdermal Drug Delivery Systems. From 
the IR spectra (Fig 1,Fig 2, Fig 3, Fig 4) it was observed 
that there were no changes in these main peaks in IR 
spectra of pure drug, drug and polymer, medicated 
formulation, which show there were no physical 
interactions due to  some bond formation between drug, 
solvent and polymer. Since there are no interactions 
between drug (FST), solvent (NMP) and polymer (EVA), 
the patches were evaluated for ex vivo skin permeability 
studies. 

In vivo studies were conducted on the Rabbits over 28 
days period and evaluated the plasma  samples from the 
blood, collected at periodic intervals, by using a LCMC 
method developed by one of the authors of this article in 
coordination with a CRO (Dharmesh & Bulusu Teja etal, 
2009). The results of this study are presented in the Table 
No: 2 and figure 5. 

It was hypothesized that a release concentration of drug 
from the reservoir to the dissolution medium should be 
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around 0.35 mg/hr. Formulation F3 has a Permeation rate 
of 0.33mg/h, which is very close to required permeation 
rate, permeation from F3 is through dead skin therefore 
permeation can be little high in live tissue. From this 
discussion formulation F3 is considered as optimized 
formulation, which can be considered for further studies. 

To know the mechanism of drug release from these 
formulations, the data were treated according to zero 
order, First-order, Higuchi’s and Peppas pattern. The 
release kinetics of the transdermal patches followed zero 

order (0.991 – 0.999) and Higuchi’s diffusion kinetics 
(0.907 – 0.921). According to the first order the re-lease 
of drug is based on the concentration of the drug in the 
formulation. Further as per Higuchi’s release kinetics; the 
drug release followed diffusion mechanism. Amount of 
drug released when plotted against time, the plots 
showed high linearity. It indicated that release pattern 
followed zero order kinetics. 

 

 
Figure 1: IR Spectra of pure drug 

 

Figure 2: IR Spectra of polymer (EVA) 

 

Figure 3: IR Spectra of drug & polymer 
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Figure 4: IR Spectra of optimized formulation 

 

Table 2: Evaluation of patches 

Parameters F1 F2 F3 F4 
Permeation rate (mg/4 cm2.h) 0.7 0.48 0.33 0.18 
Zero order (R2) 0.998 0.991 0.999 0.998 
First order (R2) 0.924 0.833 0.730 0.464 
Higuchi (R2) 0.910 0.907 0.921 0.913 
Peppas (R2) 0.980 0.882 0.788 0.499 

 

Figure 5: Ex Vivo skin permeation profiles of Fulvestrant TDDS formulations 
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CONCLUSION 

Authors finally conclude that a further investigation into 
the formulation and evaluation of the products in vivo 
models is required, and with the available data it is quite 
possible to manufacture a transdermal patch to replace 
the very painful IM injections.  Also the desired levels of 
the drug in the blood can be enhanced basing on the 
requirement. 
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