WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 7.523
Volume 6, Issue 8, 1150-1163. Research Article ISSN 2277-7105

FORMULATION AND EVALUATION OF PEMETREXED DISODIUM
LOADED PLGA MICROSPHERES

Vanga Harish*!, Budidi Krishna Geetha®, Lohithasu D.? Prashanth Kumar Killi* and
M. Mohan Varma!

IShri Vishnu College of Pharmacy, Bhimavaram, W.G.Dt.
AU College of Pharmaceutical Sciences, Andhra University, Visakhapatnam.

%Sree Datta Institute of Pharmacy, Ibrahimpatnam, Hyderabad.

ABSTRACT
Article Received on o o
25 May 2017, Objective: The objective of the present work was to formulate and
Revised on 14 June 2017, evaluate controlled release Pemetrexed disodium microspheres for
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DOI: 10.20959/wjpr20178-8939 subcutaneous administration for treating pleural mesothelioma

and non-small cell lung cancer effectively and also to improve patient

_ compliance with fewer side effects. Pemetrexed is chemically similar
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RraE ErEh to folic acid (L-Glutamic acid) and is in the class of chemotherapy

Shri Vishnu College of drugs called folate antimetabolites. It works by inhibiting three
Pharmacy, Bhimavaram, enzymes used in purine and pyrimidine synthesis - thymidylate
W.G.Dt. synthase (TS), dihydrofolate reductase (DHFR), and glycinamide

ribonucleotide formyltransferase (GARFT). By inhibiting the
formation of precursor purine and pyrimidine nucleotides, pemetrexed prevents the formation
of DNA and RNA, which are required for the growth and survival of both normal cells and
cancer cells. Method: Different formulations were prepared by following solvent evaporation
technique (double emulsion) using biodegradable poly(Lactide-co-Glycolide) acid and
evaluated for percentage yield, entrapment efficiency, surface morphology (SEM), particle
size analysis, in-vitro drug release and stability studies. Results: The prepared microspheres
were white, free flowing and spherical in shape. The mean Particle size of the microspheres
was found in the range of 26 to 206um. The drug-loaded microspheres showed 87% of
entrapment and release was extended up to 30 days releasing 95.6% of the total drug from the
microspheres. The infrared spectra showed stable character of pemetrexed in the drug-loaded
microspheres and revealed the absence of drug-polymer interactions. Scanning electron

microscopy study revealed that the microspheres were spherical and porous in nature.
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Conclusion: The pemetrexed is uniformly distributed within the microspheres which are
made of a biodegradable D, L-lactic and glycolic acids co-polymer. The optimized
formulations of Pemetrexed disodium microspheres with controlled release were attempted

for a release upto atleast one month.

KEYWORDS: Bioavailability, Controlled release, Microspheres, Pemetrexed disodium,
PLGA polymer, SEM, Subcutaneous.

INTRODUCTION

Pemetrexed is chemically similar to folic acid (L-Glutamic acid) and is in the class of
chemotherapy drugs called folate antimetabolites. It works by inhibiting three enzymes used
in purine and pyrimidine synthesis - thymidylate synthase (TS), dihydrofolate reductase
(DHFR), and glycinamide ribonucleotide formyltransferase (GARFT). By inhibiting the
formation of precursor purine and pyrimidine nucleotides, pemetrexed prevents the formation
of DNA and RNA, which are required for the growth and survival of both normal cells and
cancer cells. The FDA has approved pemetrexed for treatment of malignant Pleural

Mesothelioma, a type of tumor of the lining of the lung.

Table 1: Marketed formulations of pemetrexed disodium.

S.No E;(r)rs)erletary Company Pharmaceutical Formulations

1 | Alimta Eli-Lilly It s supplied as a sterile lyophilized powder

2 | Pemgem Dr.Reddey’s for intravenous infusion available in single-

3 | Pemnat Natco pharma | dose vials. Each 100 mg or 500 mg vial
Celon contains Pemetrexed disodium equivalent to

4 | Prex laboratories 100 mg Pemetrexed and 106 mg mannitol or

5 | pemetrexed | Intas pharma 500 mg Pemetrexed and 500 mg mannitol

respectively.

The aim of the present research was to formulate and evaluate pemetrexed disodium
microspheres for subcutaneous administration for period of one month controlled release
delivery system. Biodegradable microspheres were shown to improve the bioavailability of
peptides by protecting them from physical degradation and proteolysis in body fluids. Poly
(D,L-lactide) (PLA) and poly (D,L-lactide-co-glycolide) (PLGA) are the most widely used

and well-characterized materials for the preparation of biodegradable microspheres.
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MATERIALS AND METHODS

Materials

Pemetrexed disodium was purchased from Salius Pharma (Mumbai). Poly (D, L-Lactic-co-
glycolic acid) 50:50 (PLGA 50:50) Resomer®RG 504 was supplied by Sigma Aldrich. Poly
Vinyl Alcohol (PVA) (MW 22000, 88% hydrolyzed) was supplied by S.D fine chemicals,

Mumbai. Dichloromethane and Ethyl acetate were supplied by Qualigens.

Preparation of Pemetrexed disodium microspheres

Pemetrexed disodium-loaded PLGA microspheres were prepared by a double emulsion-
solvent evaporation technique. Briefly, 500 mg PLGA 50:50 was dissolved in 2 mL
dichloromethane (oil phase). An aqueous solution containing 100 mg of pemetrexed
disodium in 0.2 ml of water was prepared separately (inner aqueous phase or W3). The first
aqueous (W,) phase was emulsified into the oil phase (containing PLGA), using a high-speed
homogenizer (Ika® T25 Digital Ultra Turrax) operating around 10000 rpm for about 1 minute
at 2-8°C to form water in oil(W1/O) primary emulsion. This primary emulsion was added in
to 50 ml of external aqueous phase containing 1% PVA solution to form secondary
emulsion(W1/O/W,) at homogenizer speed around 8000 rpm for 3 minutes and then stirred at
1000 rpm for 1 hour at 2-8 °C, then next 2 hrs at room temperature to permit evaporation of
dichlomethane. The wet microspheres obtained were collected by centrifugation followed by

filtration and Lyophillization.

Different formulation variables like amount of PLGA (F1, F2 & F3), volume of Ethyl Acetate
(F4 & F5), Volume of Dichloromethane(F6 & F7) were carried out as below mentioned
Table 2.

Table 2: Formulation variable of Pemetrexed disodium microspheres

FORMULATIONS

COMPOSITION F1 F2 F3 F4 F5 F6 F7
Drug (mg) 100 100 100 100 100 100 100
WEFI (ml) 0.2 0.2 0.2 0.2 0.2 0.2 0.2
PLGA 50:50 (mg) 1000 700 300 500 500 500 500
DCM (ml) 2 2 2 - - 2 4
PVA 1% (ml) 50 50 50 50 50 50 50
Ethyl acetate - - - 4 2 - -
Temperature (°C 2-8 2-8 2-8 2-8 2-8 2-8 2-8
Homogenizatio | 1° (5min) | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000
nspeed (rpm) | 2° (3min) 8000 8000 8000 8000 8000 8000 | 8000
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Process variables like secondary homogenization speed (F8, F9 & F10) and primary

homogenization speed (F11 & F12) were carried out as below mentioned Table 3.

Table 3: Process variable of pemetrexed disodium microspheres.

FORMULATIONS

COMPOSITION F8 F9 F10 F11 F12
Drug (mg) 100 100 100 100 100
WEFI (ml) 0.2 0.2 0.2 0.2 0.2
PLGA 50:50 (mg) 500 500 500 500 500
DCM (ml) 2 2 2 2 2
PVA 1% (ml) 50 50 50 50 50
Ethyl acetate - - - - -
Temperature (°C) 2-8 2-8 2-8 2-8 2-8
Homogenization | 1° (5min) 10,000 10,000 10,000 12,000 14,000
speed (rpm) 2° (3min) 4000 6000 8000 8000 8000

EVALUATION OF PEMETREXED DISODIUM MICROSPHERES

Determination of percentage yield

Microspheres were weighed and the yield of microspheres was calculated using the formula:

Percentage yield = Practical yield (gm) / Theoretical yield x 100.

Determination of drug entrapment efficiency (EE):

The amount of drug entrapped was estimated by dispersing microspheres equivalent to 50 mg
of Pemetrexed disodium in DCM and water in 3:1 ratio, under vigorous shaking for 1hr, the
resultant solution was centrifuged. Both layers were separated. As the Pemetrexed disodium
was soluble in water but not in DCM, the drug content in aqueous solution was analyzed by

using HPLC at 254 nm with further dilutions against appropriate blank.

The amount of the drug entrapped in the microspheres was calculated using the formula.

% EE = Actual weight of drug in sample/ Theoretical weight of drug in sample x 100.

Particle size analysis
The mean diameter of microspheres was determined by laser diffractometer (Mastersizer X,

Malvern Instrument, UK).

Microspheres were suspended in 0.3% aqueous solution of Tween 80 and sonicated for 15 s

prior to particle size determination.
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Scanning electron microscopy (SEM)

The morphology of microspheres was examined by scanning electron microscopy (Hitachi-S-
3700N). The samples were prepared by sprinkling the microspheres on one side of adhesive
stub. Then the microspheres were coated with gold (100A°) before microscopy.

In-vitro drug release

The in-vitro drug release from the microspheres was carried out by using a regenerated
cellulose membrane dialysis apparatus Float-A-lyzer. 2ml of microspheres suspension
containing known amount of drug was placed in the Float-A-lyzer and this was placed in 50
ml of water, maintained at 37°C and stirred with the help of a magnetic stirrer. Aliquots (2ml)
of release medium were withdrawn at different time intervals and the sample was replaced
with fresh water to maintain constant volume. The samples were analyzed for drug content by
HPLC at 254nm. Upon completion of one week, the complete medium was withdrawn and

replaced by fresh medium to avoid saturation of the medium.

Stability studies

To assess the physical and chemical stability of the microspheres, stability studies were
conducted for 3 months under the storage conditions mentioned in ICH guidelines. The
optimized formulation was placed in vials and stored at 25+2°C/ 60+5% RH. After 90 days

the formulations were checked for physical appearance and drug content.

RESULTS AND DISCUSSIONS

Summarized results of formulation and process variable are given in below Table 4.

Table 4: Results of formulation variables of Pemetrexed disodium microspheres

Batches Percentage Yield Er)t_rapment Rounc_ied l\/_lean
(%) Efficiency (%) Particle Size
F1 714 65 86
F2 70.5 77 83
F3 65.6 66 47
F4 50.6 57 56
F5 53.9 62 67
F6 72.8 84 91
F7 73.7 83 98
F8 72.2 82 74
F9 72.8 84 72
F10 76.5 87 81
F11 71.4 74 61
F12 60.2 67 53
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Effect of polymer concentration

As the amount of polymer increased, the particle size of Pemetrexed disodium was found to
increase and encapsulation efficiency was found to decrease. The polymer matrix might have
saturated with pemetrexed disodium after a certain optimized concentration. Upon further
increase in polymer, the free drug tends to escape from the polymer and therefore the

encapsulation efficiency is found to decrease.

Effect of Organic Solvent

Two organic solvents namely ethyl acetate and dichloromethane were studied. When the
polymer was dissolved in ethyl acetate, encapsulation efficiency was found to decrease
because of its high boiling point (77.1°C) which must have resulted in slow solvent removal
rate. When the polymer was dissolved in dichloromethane (BP 39.6°C), high encapsulation
efficiency was obtained indicating faster rate of solvent removal. Dichloromethane is also
more soluble in water and its solubility allowed relatively fast mass-transfer between the
dispersed and the continuous phase and led to fast precipitation of the polymer.

Effect of homogenization speed

When the secondary homogenization speed (rpm) was decreased in case of F8 & F9
formulations, the particle size was found to decrease. When this homogenization speed was
increased to 8000 rpm in F10, particle size was found to be 81 micro meters which was
optimized. In F11 and F12 formulations, as the primary homogenization speed was increased
from 10,000 rpm to 14,000 rpm, further reduction in the particle size of microspheres was

observed.

Effect of temperature
Low temperature (2-8°C) was maintained to improve the formation of microspheres with high

encapsulation efficiency.

From above results of all parameters, it was observed that the formulation F10 was given

desired particle size, entrapment efficiency and initial burst release.

CHARACTERIZATION OF PEMETREXED LOADED MICROSPHERES

Formulation F10 was chosen for characterization of Pemetrexed loaded PLGA microspheres.
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Mean particle size distribution
The mean diameter of microspheres was determined by laser diffractometer (Mastersizer X,

Malvern Instrument, UK).

Microspheres were suspended in 0.3% aqueous solution of Tween 80 and sonicated for 15 s
prior to particle size determination. The mean particle size of formulation F10 was shown

below in Figure 1.
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Figure 1: Mean Particle size of formulation F10

Scanning electron microscopy (SEM)

The morphology of microspheres was examined by scanning electron microscopy (Hitachi-S-
3700N). Samples were mounted on metal stubs and sputter-coated with gold for 4 min prior
to examination under. The SEM picture showed in Figure 2 that the shape of the

microspheres was spherical and smooth surface with less porosity.

Figure 2: SEM picture of formulation F10.
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In-vitro drug release

The in-vitro drug release from the microspheres was carried out by using a regenerated
cellulose membrane dialysis apparatus Float-A-lyzer. 2ml of microspheres suspension
containing known amount of drug (50 mg microspheres) was placed in the Float-A-lyzer and
this was placed in 50ml of water, maintained at 37°C and stirred with the help of a magnetic
stirrer. Aliquots (2ml) of release medium were withdrawn at different time intervals and the
sample was replaced with fresh water to maintain constant volume. The samples were
analyzed for drug content by HPLC at 254nm. Upon completion of one week, the complete
medium was withdrawn and replaced by fresh medium to avoid saturation of the medium.

Initial burst release means release of drug within 24 hrs and F10 has shown 18.2% IBR.

The cumulative percent release of F7, F9 & F10 formulations at various time intervals was

calculated and was plotted against time in figure 4.
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Figure 3: Comparison of in-vitro drug release profile of Pemetrexed disodium from the
formulation F7, F9 and F10.

Release Kinetics

The release kinetics of F7, F9 & F10 formulations were studied. All formulations follow
Higuchi release kinetics and follow Anomalous (non-Fickian) diffusion when it applied to the
Korsmeyer-Peppa’s Model for mechanism of drug release. F10 formulation has better kinetic
results when compared to F7 and F9 formulations. The results are shown in Figure 5, 6, 7 & 8
and in Table 5.
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Zero order Kinetics for F7,F9 & F10
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Figure 4: Comparison of Zero order Release profiles of optimized formulations F7, F9

and F10.

First order Kinetics for F7,F9 & F10
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Figure 5: Comparison of First order Release profiles of optimized formulations F7, F9,

F10.

Higuchi release model for F7,F9 & F10
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Figure 6: Comparison of Higuchi’s order plot for optimized formulations F7, F9 and

F10
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% Korsemeyer-Peppas model for F7,F9& F10
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Figure 7: Comparison of Korsmeyer-Peppas model for optimized formulations F7, F9
and F10.

Table 5: Curve fitting data of drug release profiles for optimized formulations F7, F9
and F10.

Formulation | Zero Order | First Order Higuchi Korsmeyer
Code (R?) (R?) (R? Peppas (N)

F7 0.934 0.983 0.987 0.554

F9 0.973 0.972 0.990 0.486

F10° 0.991 0.886 0.976 0.415

From the Table (5), R? value for formulation F10 was found to be more and was found to

follow zero order kinetics, which states that the drug release is independent of concentration.

Stability studies

Accelerated stability studies of Pemetrexed disodium microspheres at temperature
25+2°C/60+5% RH as per ICH guidelines were studied for 90 days. The assays and
appearance of samples were determined as a function of the storage time. There was no
change in the physical appearance, particle size was not change significantly and assay was
found to be 82.4 % after 90 days. From the data, it is observed that there was negligible
change in the drug content indicating chemical stability. The results of stability data has

shown in below table 6.
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Table 6: Accelerated stability (25+2°C / 60+5% RH) data of Pemetrexed disodium

microspheres.

Test 0 days 15 days 30 days 45days | 60days | 75days | 90 days
Whiteto | Whiteto | Whiteto | White to | White to | White to | White to
Description almost almost almost almost almost almost almost
white white white white white white white
fAssay of F7 82.6% 81.7% 80.4% 795% | 77.8% | 76.3% 75.4%
ormulation
Assay of F9 83.9% 83.4% 82.4% 81.7% | 80.3% | 79.6% 78.2%
formulation
Assay of F10 | go o0 | gg.306 855% | 84.4% | 83.6% | 833% | 82.4%
formulation
CONCLUSION

In the present study, attempts were made to prepare pemetrexed disodium microspheres for

controlled release by double emulsion solvent evaporation technique using PLGA 50:50

polymer. The selection of organic solvent, concentration of polymer, speed of primary and

secondary homogenization were found to have played a predominant role in the preparation.

The formed microspheres were found to be uniform and spherical in shape. The optimized

formulations exhibited 95.6% in vitro controlled release for one month. From the

experimental results it is evident that the controlled release microspheres of pemetrexed

disodium can be successfully formulated for subcutaneous administration in the treatment of

patients with pleural mesothelioma and non-small cell lung cancer.
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