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ABSTRACT

Aim: Letrozole, a non-steroidal aromatase inhibitor, prevents the body from producing its
own estrogen. The objective of the present study was to explore the fabrication and
evaluation of natural biodegradable polymeric Letrozole implant for long term drug release
targeting postmenopausal women with metastatic breast cancer.

Methodology: The effect of different formulation variables i.e. different types of excipients
and different hardening times (6 hrs, 12 hrs and 24 hrs) with exposure to formaldehyde
vapour was investigated on drug loading efficiency and drug release profile. The result of
in-vitro dissolution study was fitted to different kinetic models to evaluate the kinetic data.
Results: Letrozole release was studied for 10 to 19 days with some excipients. The in
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vitro Letrozole release from Gelatin-Sodium Alginate biodegradable polymeric implant
was maximum, about 19 days, where Cetyl alcohol was incorporated as excipient. The
release kinetics was explored and explained using Higuchi, zero and first order while the
mechanism of release was confirmed with Korsmeyer-peppas model. Implants were found
to follow Higuchi model the best in most cases. Good correlations were also obtained with
Korsmeyere-Peppas model. According to these models, the drug released from implants
were of diffusion controlled, where the drug was found to leave the matrix through pores
and channels formed by entry of dissolution medium.

Conclusion: The addition of different excipients and variation in hardening times were
found to influence the drug loading efficiency and drug release significantly. Further
investigation would confirm its potential in breast cancer therapy.

Keywords: Letrozole; biodegradable polymeric implant; gelatin; sodium alginate; DSC; SEM.
1. INTRODUCTION

Breast cancer is the most common cancer in women. It is the leading cause of cancer death
in the less developed countries of the world, and is responsible for about 522 000 women
deaths in 2012 worldwide. It now represents one in four of all cancers in women [1]. The use
of letrozole, which is a more potent suppressor of both plasma and tissue estrogen levels, is
an attractive treatment for postmenopausal women with metastatic breast cancer [2]. It is
administered to the postmenopausal women who have finished five years of treatment with
Tamoxifen [3].

The benefits of Letrozole compared to Tamoxifen were most notable in treating lobular
breast cancer compared to ductal breast cancer in improving both disease-free survival
(living without the cancer growing), time to distant recurrence and overall survival (living
whether or not the cancer grew) in postmenopausal women diagnosed with estrogen-
receptor-positive, HER2-negative breast cancer [4,5].

A major challenge in the treatment of metastatic cancer is effective delivery of therapeutics
to the tumor lesion. Due to severe side-effects associated with the drug, viz., hot flashes,
headache, breast tenderness and a half-life of =45 h, this drug appears to be particularly
suitable for targeted and controlled release drug delivery system [6]. In order to increase the
sustaining capability of Letrozole, means of enhancing its duration of drug release using
biodegradable polymers has already been taken into consideration, such as entrapping the
drug into nanoparticle technology [7,8] and thermoplastic polymeric drug delivery devices [6].
In this study Letrozole, the third generation of aromatose inhibitor, have been entrapped into
Gelatin-sodium alginate biodegradable polymeric implants hardened with formaldehyde
vapor for sustained drug delivery. Sodium alginate is included in 20% ration with
biodegradable matrix former gelatin as a rate retarding agent [9]. The purpose of exposing
the gelatin-sodium alginate implant to formaldehyde vapor is that formaldehyde reacts with
gelatin leading to crosslinks between gelatin molecules, resulting in the formation of
hardened gelatin [10]. This reaction is of great practical importance, in particular, for
preparation of enteric capsules and development of controlled drug delivery systems [11].
Slow release of Letrozole can inhibit estrogen biosynthesis for a prolonged period of time by
virtue of increased local concentration of the drug at the receptor site as well as reduce the
number of necessary administrations, providing more localized and better use of the active
agents.
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2. MATERIALS AND METHODS
2.1 Materials

All the chemicals and reagents used in this study were of analytical grade. Letrozole was
obtained as a gift from Renata Limited, Bangladesh. Purified Gelatin, Xanthan Gum and
Polyethylene glycol (PEG) 4000 were purchased from Merck Specialities Pvt. Ltd, Mumbai.
Sodium Alginate, Glyceryl Mono Stearate (GMS), Stearic Acid and Cetyl Alcohol were
purchased from Loba Chemie Pvt. Ltd, Mumbai. Cremophor EL was purchased from BASF,
Germany. Acetonitrile was purchased from Fischer Chemical, New Jersey (NJ). Suitable
storage conditions were maintained to store the working chemicals and reagents.

2.2 Methods

2.2.1 Preparation of Implants

Heating and congealing method is used to prepare biodegradable implants of Letrozole.
Implants were prepared using 10% drug load with different excipients to obtain a porous
gelatin-alginate matrix to be used as the active substance carrier and getting prolonged drug
release action from its implantable form. The excipients used in different formulations are
shown (Table 1).

Weighed quantity of Gelatin was sprinkled on the surface of water and kept aside for 30
minutes to hydrate. Sodium Alginate was added in hydrated gelatin. Glycerin, which occurs
naturally in human organism, was added as a plasticizing agent with continuous stirring and
the solution was heated in a water bath at 60°C until Gelatin was dissolved. Letrozole was
then dispersed separately in acetone and added to the Gelatin and Sodium Alginate
solution. The solution was poured in a glass petridish upto 1.45 mm height and allowed to
gel by placing the petridish on ice bath for 30 minutes. They were then allowed to set by
placing in a refrigerator for 3 days. After 3 days, the implants were placed in a formaldehyde
desiccator for hardening. Formulations varied with respect to Gelatin-Sodium Alginate
polymer ratios [12,13,14].

Table 1. Excipients used in different formulations

Formulation Drug Used excipients
F1 Letrozole -

F2 Letrozole Cetyl Alcohol

F3 Letrozole Stearic Acid

F4 Letrozole Cremophor EL
F5 Letrozole GMS

F6 Letrozole PEG 4000

F7 Letrozole Xanthan Gum

2.2.2 Hardening of implants

A Petri-dish containing Formaldehyde solution (37% v/v) was placed in an empty glass
desiccators. The implants containing petridish was kept on top of the desiccators and was
closed immediately. The implants were made to react with formaldehyde vapors for different
time interval such as 6, 12 and 24 hours. They were then removed from the desiccator for air
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drying for approximately 72 hours, so that the reaction between gelatin and sodium alginate
is complete. Implants were then cut into square shapes of 1 cm length and width by an NT
cutter. Then the implants were kept in the open air in an aseptic condition for a week to
make sure that the residual formaldehyde gets evaporated [12].

2.2.3 Characterization of Implants

2.2.3.1 Photographic imaging

The kinetics of drug release is greatly dependent on the morphological characters of
implants [9]. Photographs of drug loaded implants (Fig. 1) were taken using Samsung
Galaxy S4, 12.0 Mega Pixel Camera.

Fig. 1. Photographic images of gelatin - sodium alginate polymeric implant
2.2.3.2 Measurement of implant thickness

The thickness of the implants was measured by picking three samples of implants for a
particular formulation and exposure time, and measuring their thickness with slide calipers.
The average thickness of implants hardened with formaldehyde is shown (Table 2).

2.2.3.3 Weight variation of implants

Weight variation of implants was checked by weighing three implants of a particular
formulation and exposure time individually [12]. The average weight of implants hardened
with formaldehyde is shown (Table 2).

2.2.3.4 Scanning electron microscope (SEM)

The internal morphology of the samples was evaluated by a SEM Philips XL30,
(Netherlands). The implants were initially spread on a carbon tape glued to an aluminum
stub and coated with Au using a Sputter Coater under vacuum in a closed chamber. The Au
layer was coated to make the implant surface conductive to electrons in the SEM. The
implants were then observed under SEM in varying magnifications and micrographs
recorded.
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2.2.3.5 Differential scanning calorimetry (DSC)

The DSC measurement was performed on a DSC-60 (SHIMADZU) differential scanning
calorimetry with a thermal analyzer (TA-60WS). Precise amounts of 7.5 mg of Letrozole +
gelatin + Na Alginate sample were placed in a sealed aluminium pan, before heating under
nitrogen flow (300 ml/min) at a scanning rate 102C min" from 30°C to 500°C. An empty
aluminum pan was used as reference (Dhaka, Bangladesh).

Table 2. Thickness & weight variation of Letrozole loaded implants with different

excipients
Sl. no. Formulation Thickness of implant (mm) + S.D. Weight of implants
(mg) £ S.D.
1 F1 1.21+0.01 178.310.45
2 F2 1.93+0.01 138.940.52
3 F3 1.40+0.01 164.410.25
4 F4 1.27+0.01 186.210.12
5 F5 1.47+0.01 145.5+0.33
6 F6 1.46+0.01 176.3+0.23
7 F7 1.68+0.01 205.7+0.38

2.2.4 Determination of drug content (loading dose)

The amount of drug that was actually loaded in implants during fabrication process was
determined by spectrophotometric analysis. A weighed Letrozole implant was crushed by a
porcelain mortar and pestle and dissolved in 1 ml hot phosphate buffer, pH 7.4 by vigorous
ultrasonication. 3 ml of acetonitrile was added for precipitating the polymer followed by
addition of 7 ml phosphate buffer, pH 7.4 for extracting the drug in buffer. Centrifugation was
done at 3000 RPM for 10-12 minutes to separate the solid material. 1 ml of supernatant was
withdrawn into a 100 ml volumetric flask. Volume was made with acetonitrile and phosphate
buffer (pH 7.4) at the ratio of 30:70. It was then analyzed at 230 nm (Anax Of Letrozole) in UV
spectrophotometer. Letrozole concentration was calculated from the standard curve.

The % loading efficiency (LE) of implants was determined with the formula:

LD
% loading ef ficiency (LE) = (E) x 100

Where,

LD is the amount of loaded drug in the implant and
AD is the amount of added drug in the formulation [15].

2.2.5 Test for formaldehyde

2.2.5.1 Qualitative test for free formaldehyde

Implants are subjected to pharmacopoeial test for free formaldehyde to ensure the absence
of residual formaldehyde in the implants [16].
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2.2.5.2 Quantitative test for crosslinked formaldehyde

A 1500 pg/mL stock solution of formaldehyde was prepared by diluting a volume of 0.95 ml
of formaldehyde (37%) solution to 250 ml with water. Serial dilution was then done to obtain
the concentrations 0.15 pg/ml, 0.30 pg/ml, 0.75 pg/ml, 1.50 pg/ml and 3.00 pg/ml,
respectively. The absorbance of the solutions was measured in a Double Beam UV-VIS
spectrometer (SHIMADZU) at 412 nm. From the observed absorbances, standard curve was
made for the assay for formaldehyde.

50 ml of distilled water was added to 1g of grounded sample of each implant and the mixture
was agitated using an ultrasound bath for 10 min at 80°C. This ensures the removal of
acetaldehyde if present. The formaldehyde crosslinked with gelatin was obtained by soaking
the sample with 4ml sulfuric acid (90%) medium. The solution was left for a few minutes to
cool and then filtered. The absobance of the filtered solution was then observed in Double
Beam UV-VIS spectrometer (SHIMADZU) at 412 nm. By plotting the absorbance of the
solution into the standard curve equation, the concentration of formaldehyde in the implants
was measured [17].

2.2.6 In-vitro dissolution studies

The in-vitro release of Letrozole from implants was carried out in static conditions at 37°C.
The weighed implants (at least 3 implants) from each formulation and exposure time were
kept in rubber capped glass vessels containing 100 ml of Phosphate Buffer, pH 7.4. 10 ml of
the release medium was collected at predetermined time intervals and replaced with 10 ml of
fresh buffer to maintain the sink condition. The withdrawn samples were then analyzed for
determining the percentage of release of drugs by UV spectrophotometer (UV-1700 Pharma
Spec, SHIMADZU) at 230 nm (Anax Of Letrozole in Phosphate Buffer, pH 7.4), after
subsequent dilution of the samples. All data were used in statistical analysis for the
determination of mean, standard deviation and release kinetics.

2.2.7 Statistical analysis

Results were expressed as mean + S.D. Statistical analysis was performed by linear
regression analysis. Coefficients of determination (R?) were utilized for comparison. In-vitro
release studies were performed under the same conditions for each implant system. The
means and standard deviations were calculated at each time interval. The means were
graphed for each release profile with the standard deviations included as error bars. Linear
regression was performed on cumulative drug release as a function of time and also on fitted
curves to different kinetic models.

3. RESULTS AND DISCUSSION

3.1 Observation through Scanning Electron Microscope (SEM)

The SEM micrograph of Cetyl alcohol (as excipient) loaded Letrozole polymeric implant
surface before and after drug release is represented (Figs. 2, 3 respectively). They display a

50 times magnified polymeric implant surface.

The more hydrophobic the polymer, the smoother the surface [18]. The rough implant
surface as observed in the SEM micrograph (Fig. 2) is indicative of the hydrophilic nature of
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the polymer matrix. This hydrophilic nature of gelatin and sodium alginate is supported by
Takahashi et al. [19] and Aslani et al. [20], respectively. Fig. 3 displays the implant surface
after drug release. The large pores on the surface as seen in the figure are created by the
entry of the dissolution media while drug release continues.

2 u L E ;
C)é 000 ; a4
20kV =" X50 = 500uh

Fig. 2. SEM micrograph of Letrozole biodegradable polymeric implant incorporated
with Cetyl Alcohol surface before drug release

Fig. 3. SEM micrograph of Letrozole biodegradable polymeric implant incorporated
with Cetyl Alcohol surface after drug release

3.2 Differential Scanning Calorimetry (DSC) of Drug and Polymer
The DSC scans of pure Letrozole incorporated in Gelatin-Sodium alginate mixture was also
performed (Fig. 5). The figure exhibits total four endothermic peaks. Gelatin and Sodium

alginate have the first broad endothermic peak corresponding to the onset and offset
temperatures 80°C and 160°C, respectively with the highest peak appearing at 119°C.
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Another small and broad endothermic peak is found, which is due to the presence of
Letrozole with the onset temperature 199°C and offset temperature at 226°C with the
highest peak at 221°C with the AH 231.65 J/g. The characteristic endothermic peak of pure
Letrozole is at 181°C (Fig. 4) [21]. There is a little difference found in endothermic peak of
Letrozole implant (221°C) which can be attributed to the presence of polymer [22]. The
presence of the polymer in the formulation probably raised the melting point of Letrozole
causing the shift of endothermic peak to 221 °C.

DSC
mwW

-a.oc1 1
L. |

10000 20000 300.00
Temp [C]

Fig. 4. DSC thermogram of pure crystalline Letrozole [21]

oEc Thermal Analysis Result for Letrozole 10% +Gelatin+ Sodium algim
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Fig. 5. DSC thermogram of Letrozole incorporated in Gelatin-Sodium Alginate
polymeric implant
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3.3 Effect of Excipients Loading Efficiency of Gelatin- Sodium Alginate
Polymeric Implants

The effect of incorporating different excipients on drug loading efficiency of Letrozole was
studied for 10% drug load. The excipient load was the same as the drug load. The changes
in the loading efficiency were probably caused by the respective excipients. The data for
different excipients with 10% load of Letrozole are represented (Table 3).

Loading efficiency was found to be between 40.19% to 76.93% from different formulations.
The highest loading efficiency was found with Stearic Acid (76.93%) and the lowest with
Glyceryl monosteareate (40.19%).

The loading efficiency was found to decrease in the following sequence:

Stearic Acid> Cetyl Alcohol> Drug Only> Cremophore EL> PEG 4000> Xanthan Gum>
Glyceryl monostearate

Table 3. Effects of excipients on Letrozole loading efficiency (%) of Gelatin- Sodium
Alginate polymeric implants

Excipients Actual drug content (%w/w) Loading efficiency
Mean = SD (%)

Drug only 8.02+0.077 62.34

Cetyl Alcohol 9.33+0.088 64.32

Cremophor EL 8.56+0.13 59.60

GMS 4.68+0.077 40.19 (minimum)
PEG 4000 9.00£0.282 55.45

Stearic acid 11.07£0.413 76.93 (maximum)
Xanthan Gum 9.62+0.099 55.21

Stearic Acid is practically insoluble in water [23] and thereby decreases the passage for drug
which may result in high drug loading efficiency. Glyceryl Monostearate has a HLB value of
3.8, which indicates its hydrophobic nature. It is also practically insoluble in water. Therefore,
it probably decreases the dispersibility of the drug [15]. Cetyl Alcohol has been used in
matrix- controlled drug delivery system for its hydrophobic property [24]. Therefore, it
increases drug loading efficiency. The drug loading efficiency was reduced by adding PEG
4000 as it is a water soluble organic solvent and used as a channeling agent [25,26].
Cremophor EL, a solubilizing agent [27,28], is found to decrease drug loading as compared
to the formulation without excipient. This is probably due to its effect in increasing the affinity
between the solvent and non solvent.

3.4 Formaldehyde Traces at Implants

The bright yellow colored solution is the standard formaldehyde solution (Fig. 6). The
implants, after being subjected to the pharmacopoeial test for free formaldehyde, were
observed for color changes against the standard solution. The intensity of yellow color
indicates the amount of free formaldehyde in the solution of samples. All the three figures
reflect the sample solutions to be colorless. This indicates that these implants did not retain
any free formaldehyde. The results of the test for free formaldehyde are shown (Fig. 6).
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A human could consume 0.2 mg/kg equivalent to 0.2 ppm of formaldehyde every day, in
addition to what their own body produces, without showing any adverse effects [29]. The
concentration of crosslinked formaldehyde with gelatin was found to be 0.154 pg/ml
equivalent to 0.154 ppm which is within formaldehyde tolerable range in human body.

Fig. 6. Test for free formaldehyde at different hardening times of prepared implants
3.5 In-vitro Drug Release Studies

A biodegradable polymeric implant can function by releasing a drug in the correct amount of
strength over a period of time following one or a combination of mechanisms viz., erosion of
the matrix, diffusion through the matrix or combination of both diffusion and erosion
mechanisms either enzymatically or non-enzymatically to produce biocompatible or nontoxic
by-products [30].

The drug release rate from a polymeric matrix depends on interactions between the active
ingredients and polymer [31]. In the literature, plenty of theoretical or empirical release
models are described [32,33]. Zero order, First order kinetics, Higuchi and Korsmeyer-
Peppas models have been chosen to describe the Letrozole release from Gelatin-Sodium
Alginate biodegradable polymeric implants. The zero order rate equation describes the
systems where the drug release rate is independent of its concentration. The first order
equation describes the release from the system where release rate is concentration
dependent. Higuchi describes the release of drugs from insoluble matrix as a square root of
time dependent process based on the Fickian diffusion [23]. The Korsmeyer-Peppas
equation describes the mode of release of drugs from swellable matrices [34]. Korsmeyer-
Peppas kinetic model is applied when the release mechanism deviates from Ficks law [35],
assuming perfect sink conditions, rapid surface equilibrium between the polymer and water,
symmetric devices, and uniformly dispersed drug in the dry sample [23].

The in vitro release pattern of various excipient-loaded implants is presented (Figs. 7, 10 and
11). Letrozole release from implants with various types of excipients for 6 hr formaldehyde
exposure time was continued for 16 days (Fig. 7). The initial burst release was prominent
with two formulations, F2 (13.06%) and F5 (11.36%) (Fig. 7). The release gradually
decreased and remained constant for 16 days. Formulation F2 containing cetyl alcohol gave

2426



British Journal of Pharmaceutical Research, 4(20): 2417-2435, 2014

more controlled release of Letrozole as time progressed. As cetyl alcohol [24] is hydrophobic
in nature, it decreases the hydrophilicity of the biodegradable implant, which decreases the
release of Letrozole from the formulation. This is expected from any hydrophobic excipients
as they would prevent the drug from diffusing from the polymer matrix into the aqueous
solution. Fig. 10 shows the release curves for implants with 12 hrs formaldehyde exposure
time. As the formaldehyde exposure time increased, the relative release rate decreased over
19 days. Initially the drug release increased steadily upto almost 12% in day 1 and then
gradually decreased. One reason might be the reaction of formaldehyde with gelatin forming
crosslinks between gelatin molecules, resulting in the formation of hardened gelatin [10].
This observation is also supported by Salsa et al. who observed Gelatin crosslinking by FT-
IR spectroscopy while monitoring the reaction of an aqueous solution of formaldehyde with
gelatin dispersed in a potassium bromide pellet in real time [11].

In accordance with the observations made in the SEM (Fig. 3) studies, the initial burst could
be due to the diffusion release of Letrozole distributed near the surface and in the outer
portion of the implants. Afterwards, the release rates slowed. Upon contact with the aqueous
buffer, cetyl alcohol dispersed in the surroundings caused formation of microporous
channels in the polymer matrix through which Letrozole might have leached out. In the
present study, 65.08, 64.23 and 65.04% Letrozole was found to be released from the
formulation with 6, 12 and 24 hrs formaldehyde exposure time, respectively.

Stearic acid [36], an insoluble compound, probably gives rise to a porous matrix
characterised by a series of interconnecting channels developed inside it and hosting the
dissolved drug and soluble compound molecules that diffuse outward due to the
concentration gradient in formulation F3. Incorporation of PEG 4000 [25,26] in formulaton F6
apparently showed the highest drug release owing to its high aqueous solubility. As GMS is
insoluble in water, drug release from GMS incorporated implant F5 is generally achieved by
penetration of the release medium into the matrix and dissolution of the drug, followed by the
diffusion of the drug solution through the channels and pores of the matrix (R® values in
Tables 4, 5, 6). Drug solubility plays a significant role in its release duration and kinetics from
GMS incorporated implant [37]. A poorly aqueous soluble drug, such as Letrozole, had a
longer release duration over 16 days. The rate and extent of drug release increased from the
implant with Cremophor EL [27,28] as it is act as a solubilizer.

The release period differed from one formula to another due to the influence of respective
excipients as discussed. The time ranged from 10-16 days depending on the excipient
characteristics (Fig 7).

Different kinetic models were utilized to analyze the possible drug release mechanism (Figs.
7, 8,9, 12). The release from most of the implants with excipients best fitted to korsmeyer-
peppas kinetic model and regression analysis was performed on the fitted curves.

As can be seen, the Higuchi fits for Gelatin-Sodium Alginate implants with different
excipients showed the highest R? values among all the models (F{2 values in Tables 4, 5, 6).
In the present study almost as good correlations were obtained with korsmeyer-peppas
model as well. According to these models (Figs. 8, 12), Letozole release from the implants is
diffusion controlled with the drug leaving the matrix through pores and channels formed by
the entry of dissolution medium [38]. SEM micrograph also supports that Letrozole leaves
the matrix through pores and channels (Fig. 2). The roughness and the caves observed on
the surface could provide physical evidence of diffusion release mechanism [39].
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Fig. 7. Zero order plot of Letrozole release from implants with different excipients at 6
hrs hardening time
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Fig. 8. Higuchi plot of Letrozole release from implants with different excipients at 6
hrs hardening time
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Fig. 9. First order plot of Letrozole release from implants with different excipients at 6

hrs hardening time
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Fig. 10. Zero order plot of Letrozole release from implants with different excipients at

12 hrs hardening time
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Fig. 11. Zero order plot of Letrozole release from implants with different excipients at
24 hrs hardening time
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Fig. 12. Korsmeyer-Peppas plot of Letrozole release from implants with different
excipients at 24 hrs hardening time

The Korsmeyer-Peppas release rate constant for the implants was found to be within 0.45-
0.89 (0.45<n<0.89) which indicates the major mechanism of drug release being nonfickian
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diffusion [40] which appears to indicate a coupling of the diffusion and erosion mechanism
[41].

Table 4. Fitting comparison of equation of Higuchi, Korsmeyer-Peppas, First order
and Zero order for describing Letrozole release from implants with different
excipients at 6 hrs hardening time

Formulations Kinetic model
Higuchi Korsmeyer- First order Zero order
peppas
m value R°® nvalue R’ m value R’ m value R’
F1 15.55 0.983 0.563 0.979 -0.023 0.933 4.096 0.975
F2 15.97 0.987 0.615 0.990 -0.024 0.935 3.979 0.974
F3 20.55 0.991 0.520 0.983 -0.042 0.983 5.840 0.967
F4 14.79 0.986 0.483 0.981 -0.028 0971 4.714 0.940
F5 11.21 0.989 0.598 0.988 -0.016 0.948 3.110 0.920
F6 15.41 0.991 0.537 0.983 -0.027 0.981 4.376 0.965
F7 14.79 0.988 0.623 0.975 -0.021 0.982 3.621 0.971

Table 5. Fitting comparison of equation of Higuchi, Korsmeyer-Peppas, First order
and Zero order for describing Letrozole release from implants with different
excipients at 12 hrs hardening time

Formulations Kinetic model
Higuchi Korsmeyer- First order Zero order
peppas
m value R’ nvalue R°® m value R? m value R?

F1 15.00 0.988 0.609 0.981 -0.022 0.945 3.733 0.973
F2 13.65 0.977 0.570 0.986 -0.018 0.907 3.223 0.976
F3 17.84 0.970 0.524 0.989 -0.035 0.970 4.760 0.988
F4 14.21 0.988 0.496 0.989 -0.024 0.982 4.023 0.957
F5 9.828 0.985 0.645 0.987 -0.013 0.950 2.392 0.927
F6 14.89 0.989 0.546 0.987 -0.024 0.985 4.234 0.967
F7 13.24 0.988 0.573 0.968 -0.019 0.984 3.462 0.965

Table 6. Fitting comparison of equation of Higuchi, Korsmeyer-Peppas, First order
and Zero order for describing Letrozole release from implants with different
excipients at 24 hrs hardening time

Formulations Kinetic model
Higuchi Korsmeyer-peppas  First order Zero order
m value R? nvalue R’ m value R’ m value R’

F1 15.12 0.980 0.699 0.991 -0.022 0.927 3.986 0.975
F2 14.23 0.981 0.688 0.981 -0.019 0.918 3.358 0.978
F3 20.80 0.992 0.511 0.981 -0.043 0.981 5.908 0.967
F4 13.79 0.996 0.462 0.992 -0.021 0.989 3.566 0.952
F5 10.18 0.985 0.607 0.986 -0.014 0.940 2.591 0.913
F6 15.16 0.991 0.584 0.980 -0.023 0.975 4.290 0.979
F7 13.45 0.980 0.650 0.975 -0.019 0.979 3.554 0.979
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4. CONCLUSION

Use of letrozole, which is an attractive treatment option for postmenopausal women with
metastatic breast cancer, is recommended for use for a period of 5 years as tablets in most
cases. Therefore, this drug appears to be particularly suitable for targeted and controlled
release drug delivery system Considerable efforts are being made for sustaining its release
for prolonged use and research works have already been reported on entrapping the drug,
utilizing nanoparticle technology and thermoplastic biodegradable polymeric drug delivery
devices The present study revealed that Letrozole could be entrapped into Gelatin-sodium
alginate implants with high drug loading efficiency (40.19-76.93%) and also provide
sustained drug release for a period of 10-19 days. Therefore, this work can be taken further
to explore its potential in this indication.

CONSENT

Not applicable.

ETHICAL APPROVAL

Not applicable.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCE

1. Ferlay J, Soerjomataram |, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin
DM, Forman D, Bray F. GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 11 [Internet]. Lyon, France: International AgencM
for Research on Cancer; 2013. Available from http://globocan.iarc.fr, Acessed on 5
June 2014,

2. Geisler J, Helle H, Ekse D, Duong NK, Evans DB, Nordbo Y, et al. Letrozole is
superior to anastrozole in suppressing breast cancer tissue and plasma estrogen
levels. Clin Cancer Res. 2008;14:6330-6335. DOI: 10.1158/1078-0432.CCR-07-5221

3. US patent no US7705159 B2 [Internet], 2010.

Available: http://www.google.com/patents/US7705159, accessed on 6th June 2014.

4. Regan MM, Price KN, Giobbie-Hurder A, Thirlimann B, Gelber RD. Interpreting breast
international group (BIG) 1-98: A randomized, double-blind, phase Il trial comparing
letrozole and tamoxifen as adjuvant endocrine therapy for postmenopausal women

with hormone receptor-positive, early breast cancer. Breast Cancer Res.
2011;13(3):209. DOI: 10.1186/bcr2837.
5. Metzger O, Giobbie-Hurder A, Mallon E, et al. Relative effectiveness of letrozole

compared with tamoxifen for patients with lobular carcinoma in the BIG 1-98 trial.
Cancer Res 2012;72(24):Abstract nr S1-1. DOI: 10.1158/0008-5472.SABCS12-S1-1.

2432



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

British Journal of Pharmaceutical Research, 4(20): 2417-2435, 2014

Siddiga AJ, Chaudhury K, Adhikari B. Letrozole dispersed on poly (vinyl alcohol)
anchored maleic anhydride grafted low density polyethylene: A controlled drug
delivery system for treatment of breast cancer. Colloids and Surfaces B: Biointerfaces,
2014;116(1):169-175.

Saboktakin MR, Tabatabaie RM, Maharramov A, Ramazanov MA. Synthesis and in
vitro evaluation of thiolated chitosan-dextran sulfate nanoparticles for the delivery of
letrozole. J Pharm Educ Res. 2010;1(2):62-67.

Mondal N, Pal TK, Ghosal SK. Development, physical characterization, micromeritics
and in vitro release Kkinetics of letrozole loaded biodegradable nanoparticles.
Pharmazie. 2008;63:361-365. DOI: 10.1691/ph.2008.7365.

Mandal S, Basu SK, Sa B. Sustained release of a water-soluble drug from alginate
matrix tablets prepared by wet granulation method. AAPS Pharm Sci Tech.
2009;10(4):1348-1356. DOI: 10.1208/s12249-009-9333-z.

Hakata T, Sato H, Watanabe Y, Matsumoto M. Effect of formaldehyde on the
physicochemical properties of soft gelatin capsule shells. Chem Pharm Bull.
1994;42:1138-1142.

Salsa T, Pina ME, Teixeira-Dias JJC. Crosslinking of gelatin in the reaction with
formaldehyde: An  FT-IR  spectroscopic  study. Applied Spectroscopy.
1996;50(10):1314-1318.

Purushotham RK, Jaybhaye SJ, Kamble R, Bhandari A, Pratima S. Designing of
diclofenac sodium biodegradable implant for speedy fracture healing. J Chem Pharm
Res. 2010;3(1):330-337.

Gupta LS, Rao KP, Choudhary KPR, Pratima S. Designing of biodegradable drug
implants of nimesulide. J Pharm Bio Sci. 2010;2(2):1-4.

Gupta LS, Rao KP, Choudhary KPR, Pratima S. Preformulation studies of
biodegradable drug implants of meloxicam for orthopedic patient care. J Pharm Sci
Technocol. 2011;3(1):494-498.

Rahman MA, Islam S. Study of Metoprolol Tartrate delivery from biodegradable
polymeric in situ implants for parenteral administration. Int J Pharm Pharm Sci.
2011;3(4).

European Pharmacopoeia. 7th Edition. EDQM Publications: Europe; 2011.

Yasri NG, Seddik H, Mosallb MA. Spectrophotometric determination of formaldehyde
based on the telomerization reaction of tryptamine. Arabian Journal of Chemistry;
2011. Accessed 23 August 2014. Available:

http://www.sciencedirect.com/science/article/pii/S1878535211000463

Determan AS, Trewyn BG, Lin VS, Nilsen-Hamilton M and Narasimhan B.
Encapsulation, stabilization, and release of BSA-FITC from polyanhydride
microspheres. J Control Release. 2004;100:97—-109.

DOI: 10.1016/j.jconrel.2004.08.006.

Takahashi H, Miyoshi T, Boki K. Study on hydrophilic properties of gelatin as a clinical
wound dressing. |. Hydrophilic properties of gelatin as a wound dressing. Tokushima J
Exp Med. 1993;40(3-4):159-67.

Aslani P, Kennedy RA. Studies on diffusion in alginate gels. I. Effect of cross-linking
with calcium or zinc ions on diffusion of acetaminophen. J Control Release.
1996;42:75-82. DOI: 10.1016/0168-3659(96)01369-7.

Palle VRA, Kalaria AJ, Shelke SA. United States patent application publication. US.
2007/0100149 A1.

2433



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

British Journal of Pharmaceutical Research, 4(20): 2417-2435, 2014

Gill P, Moghadam TT, Ranjbar B. Differential Scanning Calorimetry Techniques:
Applications in Biology and Nanoscience. J Biomol Tech. 2010;21(4):167—-193.

Allen LV. Stearic Acid. In Rowe RC, Sheskey PJ, Quinn ME, Editors. Handbook of
pharmaceutical excipients. 6th ed. Pharmaceutical Press and American Pharmacists
Association; 2009.

Huang X, Brazel CS. On the importance and mechanisms of burst release in matrix-
controlled drug delivery systems (review). J Control Release. 2001;73:121-136.

Phaechamud T and Ritthidej GC. Formulation Variables Influencing Drug Release
from Layered Matrix System Comprising Chitosan and Xanthan Gum. AAPS Pharm
Sci Tech. 2008;9(3):870-877. DOI: 10.1208/s12249-008-9127-8.

Soni LK, Solanki SS, Maheshwari RK. Solubilization of poorly water soluble drug using
mixed solvency approach for aqueous injection. British Journal of Pharmaceutical
Research. 2014;4(5):549-568.

Bojat V, Balabanyan V, Alyautdin R. The entrapment of Paclitaxel in PLGA
nanoparticles increases its cytotoxicity against multiresistant cell line. British Journal of
Medicine & Medical Research. 2011;1(4):306-319.

Mondal MS, Islam MT, Rahman MS, Islam MA. Dissolution enhancement of
Loratadine by formulating Oleic acid and Cremophor EL based self emulsifying drug
delivery system (SEDDS). Journal of Applied Pharmaceutical Science. 2013;3(7):64.

Anonymous. Harpocrates speaks. Accessed 23 August 2014. Available:
http://www.harpocratesspeaks.com/2012/04/demystifying-vaccine-ingredients.html.

Hiremath JG, Khamar NS, Palavalli SG, Rudani CG, Aitha R, Mura P. Paclitaxel
loaded carrier based biodegradable polymeric implants: Preparation and in vitro
characterization. Saudi Pharmaceutical Journal. 2013;21:85-91.

DOI: 10.1016/j.jsps.2011.12.002.

Dorta MJ, Santovena A, Llabres M, Farina JB. Potential Applications of PLGA Film-
Implants in Modulating In-Vitro Drug Release. Int J Pharm. 2002;248(1-2):149-156.

Siepmann J, Gopferich A. Mathematical modeling of bioerodible, polymeric drug
delivery systems. Adv Drug Delivery Rev. 2001;48(2-3):229-247.

Costa P, Sousa Lobo JM. Modeling and comparison of dissolution profiles. Eur J
Pharm Sci. 2001;13(2):123-133. DOI: 10.1016/S0928-0987(01)00095-1.

Umadevi S, Rohini B, Nithyapriya, Sasidharan. Formulation and evaluation of
ciprofloxacin dental films for periodontitis. J Chem Pharm Res. 2012;4(6):2964-2971.

Ritger PL, Peppas NA. A simple equation for description of solute release Il: Fickian
and Anomalous Release from Swellable Devices. J Control Release. 1987;5(1):37-42.
DOI: 10.1016/0168-3659(87)90035-6.

Grassia M, Voinovichb D, Moneghinib M, Franceschinisb E, Perissuttib B, Filipovic-
Grcicc J. Preparation and evaluation of a melt pelletised paracetamol/stearic acid
sustained release delivery system. J Control Release. 2003;88(3):381-391. DOI:
10.1016/S0168-3659(03)00011-7.

Allababidi S, Shah JC. Kinetics and Mechanism of Release from Glyceryl
Monostearate-Based Implants: Evaluation of Release in a Gel Simulating in vivo
Implantation. J Pharm Sci. 1998;87(6):738-744. DOI: 10.1021/js9703986.

Sampath SS, Garvin K, Robinson DH. Preparation and characterization of

biodegradable poly (L-lactic acid) gentamicin delivery systems. Int J Pharm.
1992;78(1-3):165-174.

2434



British Journal of Pharmaceutical Research, 4(20): 2417-2435, 2014

39. Mu L, Feng SS. A novel controlled release formulation for the anticancer drug
paclitaxel (Taxol): LGA nanoparticles containing vitamin E TPGS. J Control Release.
2003;86:33—48.

40. Pavani JK, Pavani S, Kumar YS, Venkatesh A, Rao YM. Formulation and evaluation of
oral elementary osmotic pump tablets of sumatriptan succinate. British Journal of
Pharmaceutical Research. 2014;4(10):1163-1173.

41. Razzak MSMI, Khan F, Khan MZR, Fatema K, Islam MS, Reza MS. Effect of
channeling agents on the release profile of theophylline from METHOCEL K4M based
matrix tablets. J Pharm Sci. 2008;7(1):27-32.

© 2014 Hossain et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=714&id=14&aid=6630

2435



