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ABSTRACT

The oral Bioavailability of BCS (Bio Pharmaceutical Classification System) class Il drug
with poor solubility and reasonable permeability is limited by drug dissolution. The
purpose of this research was to obtain enhancement of the dissolution profile of
Mefenamic acid (MA) using solid dispersion technique with hydrophilic polymers such as
poly ethylene glycol (PEG), polyvinyl pyrrolidone (PVP), hydroxyl propyl methyl
cellulose (HPMC). PVP K30, HPMC, PEG, along with DCP were selected and solid
dispersions were prepared by the method of solvent evaporation. Dissolution studies
using the USP paddle method were performed for solid dispersions of MA. The resulting
systems were subjected to Infrared (IR) spectroscopy, differential scanning calorimetry
(DSC), and x-ray diffractometry (XRD) to identify the physicochemical interaction
between drug and carrier, hence its effect on dissolution. IR spectroscopy, XRD, and DSC
showed no change in the chemical structure of MA. The absence of MA peaks in the X-ray
diffraction pattern of solid dispersion suggested conversion of crystalline MA into
amorphous form. Dissolution of MA improved significantly in solid dispersion products
containing drug: polymer ratio 2:2:10 (85% in 20 minutes). MA:HPMC:DCP Drug release
kinetics followed first order as well as Higuchi Models. Thus the solid dispersion
technique can be successfully used for improvement of dissolution of MA. The
Dissolution rates & Dissolution efficiency of MA from the Solid Dispersions exhibited
higher values over that of pure drugs.

Keywords: Solid dispersions, mefenamic acid, dissolution enhancement, solubility, DSC.

INTRODUCTION GIT3. Potential absorption problem occur if

The rate and extent of dissolution of the drug
from any solid dosage form determines the
rate and extent of absorption of the drug 2.
In case of poorly water soluble drug,
dissolution rate is rate limiting step in the
process of drug absorption, Potential
bioavailability = problem relevant  with
extremely hydrophobic drug is may be due to
erratic and incomplete absorption from

the aqueous solubility is less than 1mg/ml.
Several techniques have been developed for
the solubility enhancement of poorly soluble
drugs such as solid dispersion48, inclusion
complex?10, ultra rapid freezing process!!,melt
sonocrystallization!?,solvent change method?3,
melt granulation technique4,supercritical
solvent, supercritical and cryogenic technique,
cosolvent approach. Numerous solid
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dispersion systems have been demonstrated in
the pharmaceuticals literature to improve the
dissolution properties of poorly water soluble
drugs, which was introduced in the early
1970’s is a multicomponent system, such as
nimesulide, ketoprofen, tenoxicam, nifedipine,
nimodipine, ursodeoxycholic acid, and
albendazole. Various hydrophilic carriers,
such as polyethylene glycols,
polyvinylpyrrolidone, hydroxypropyl
methylcellulose, gums, sugar, mannitol and
urea have been investigated for improvement
of dissolution characteristics and
bioavailability of poorly aqueous soluble
drugs 5. Francis et al.’6 in their patent
describes the no. of the drugs from which
solid dispersion can be prepared. Because of
poor aqueous solubility, MA may possess
dissolution related absorption problem, hence
an attempt was made to improve the
dissolution of MA through the solid
dispersion technique.

MATERIALS AND METHODS

Mefenamic Acid was a gift sample from
M/s.Sigma Laboratories, Mumbai, methanol
(Qualigens) and polyvinyl pyrrolidone (PVP
Kso) was a gift sample from M/s. Sun Pharma
Ind. Ltd., Mumbai. All other materials used
were of pharmacopoeial grade and were
procured from commercial sources.

PREPARATION OF SOLID DISPERSIONS
Preparation of Solid Dispersions Employing
Superdisintegrant DCP

Solid dispersions of MA in superdisintegrant
DCP were prepared by solvent evaporation
method. The required quantities of MA were
dissolved in methanol to get a clear solution in
a dry mortar. The super disintegrant DCP
(passed through 120 No. mesh) was then
added to clear drug solution and dispersed.
The solvent was removed by continuous
trituration. Trituration was continued until a
dry mass was obtained. The mass obtained
was further dried at 500 C for 4 hours in an
oven. The product was crushed, pulverized
and shifted through mesh no.100. Solid
dispersions in the superdisintegrant DCP were
prepared at a ratio of MA, DCP namely 1.6
respectively.

Preparation of Solid Dispersions Employing
Combined Carriers

The required quantities of MA and water
soluble carriers (PEG, PVP, and HPMC) were
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dissolved in the solvent to get a clear solution
in a dry mortar. The super disintegrant DCP
was then added to the drug solution and
dispersed. The solvent was then evaporated
by continuous trituration. Trituration was
continued until a dry mass was obtained. The
mass obtained was further dried at 500 M for 4
hours in an oven. The product was crushed,
pulverized and shifted through mesh NO0.100.
Various solid dispersions prepared with their
composition are listed in Table 1.

ESTIMATION OF MEFENAMIC ACID

A spectrophotmetric method based on the
measurement of absorbance at 279 nm in
phosphate buffer pH7.4 was used in the
present study for the estimation of MA(7, The
method was validated for reproducibility,
accuracy, precision and linearity by analyzing
six individually weighed samples of MA. The
stock solution of MA was subsequently
diluted to a series of dilution containing 5, 10,
15 and 20 pg/ml of solution, using phosphate
buffer pH7.4. The absorbance of these
solutions was measured in  UV-VIS
spectrophotometer (ELICO SL-159) .The
method obeyed Beer’s law in the concentration
of 0-20 pg/ml.

ESTIMATION OF MEFENAMIC ACID
SOLID DISPERSIONS PREPARED

From each batch, 4 samples of 50 mg each
were taken and analyzed for the drug MA. 50
mg of dispersions were weighed into a 100 mi
volumetric flask. Methanol was added and
mixed the contents thoroughly to dissolve the
drug from the dispersion. The solution was
then filtered and collected carefully into
another 100 ml volumetric flask. The solution
was made up to volume with the solvent. The
solution was suitably diluted with phosphate
buffer pH7.4 and assayed at 279 nm for MA.
The results are given in Table 2.

Fourier-transform infrared spectroscopy
(FTIR)

The IR spectra were recorded using an FTIR
spectrophotometer (Thermo Nicolet Nexus
670 Spectrometer). The samples were scanned
over the frequency range of 4000-400 cm-i.
FTIR spectra of MA and solid dispersions of
MA with HPMC and DCP are shown in
(Figure 4). The spectra of pure drug showed
peaks at 3310.23cmi(N-H stretch), 1649.70cm-
}(C=0 stretch), 1575.30cm? (N-H bending),
1507-08cm-t (C=C stretch), 751.38cm-1(aromatic
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stretch). The FT-IR spectra of solid
dispersions of MA showed almost all the
bands of MA, without affecting its peak
position and trends, which indicated the
absence of well defined interactions between
MA, DCP and HPMC.

X-ray diffractometry

The XRD patterns of the solid dispersions
prepared by MA, HPMC and DCP are shown
in (Figure 5). The diffraction spectrum of MA
showed that the drug was crystalline in nature
as demonstrated by numerous peaks. The
prominent peaks for pure MA were clearly
seen at the same positions in solid dispersions
but with decreased intensities. It has been
observed that the diffraction patterns of the
solid dispersions are somewhat diffused
compared to diffraction patterns of MA. It
also indicates that the crystallinity of the solid
dispersions are less than that of the MA.

Differential scanning calorimetry (DSC)

The DSC thermograms were recorded using a
differential scanning calorimeter (DSC 823E,
Mettler Toledo Star System). Approximately 2-
5 mg of each sample was heated in a piecred
aluminum pan from 25°C to 350°C at a heating
rate of 10°C/min under a stream of nitrogen.
The DSC thermograms of pure MA , solid
dispersions prepared using HPMC and DCP
are shown in (Figure 6). The DSC thermogram
of MA exhibits endothermic peak at 229.41°C
corresponding to its melting point and is
confirmed by literature data®.Solid
dispersion of MAMHPMC,DCP showed
endothermic peak at 229.22 which shows a
weak interaction in the solid dispersion.

Dissolution Rate Studies on Solid
Dispersions

Dissolution rate of MA were studied using an
USP XXIIIl six station dissolution rate test
apparatus (Electro Lab). Paddle stirrer at a
speed of 50 rpm and temperature of 370+ 1°C
were used in each test. Drug or solid
dispersion of drug equivalent to 100 mg of
MA was used in each dissolution rate test.
Samples of dissolution medium i.e., phosphate
buffer pH7.4 (5ml) were withdrawn through a
filter (0.45 p) at different time intervals,
suitably diluted, and assayed for MA. The
dissolution experiments were conducted in
triplicate. The results are given in Table 3.
Dissolution rates of MA and its solid
dispersions followed first order Kinetics (Table
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4). Dissolution parameters such as Tso, DEsy,
K1, Percent of MA dissolved in 10 minutes are
given in Table 5.

Analysis of Dissolution Data of Solid
Dispersions as per Hixson-Crowell’s cube
root law

The dissolution data of Mefenamic Acid and
their solid dispersions were also analyzed as
per Hixson-Crowell’s® cube root equation.
Hixson-Crowell introduced the concept of
changing surface area during dissolution and
derived the “cube-root law” to nullify the
effect of changing surface area and to linearize
the dissolution curves. Hixson-Crowell’s cube
root law is given by the following equation.
(Wo)173 — (Wy)1/3 = Kt, where W, is initial mass
and W, is the mass remained at time ‘t’. The
cube root equation is applicable to the
dissolution of  monodisperse  powder
consisting of uniform sized particles. A plot of
(Wo)t3 — (Wp)1/3  versus time will be linear
when dissolution occurs from monodisperse
particles of uniform size. Hixson-Crowell plots
of the dissolution data were found to be linear
(Fig.3) with all solid dispersions. This
observation indicated the drug dissolution
from all the solid dispersions is occurring from
discretely suspended or deposited
(monodisperse) particles. This might have
also contributed to the enhanced dissolution
rate of the solid dispersions. The correlation
coefficient (r) values of the first order release
model are found to be (0.946 to 0.991) slightly
higher when compared to the Hixson-
Crowell’s cube root model. Hence the release
of drug from the preparations followed
predominantly first order kinetics compared
to Hixson-Crowell cube root law. Correlation
coefficient values in the analysis of dissolution
data as per zero order, first order and Hixson-
Crowell cube root are given in Table.3.
Another parameter suitable for evaluation of
in vitro dissolution has been suggested by
Khan20 by parameter Dissolution efficiency
(DE). DE is defined as the area under the
dissolution curve up to a certain time ‘t’
expressed as percentage of the area of the
rectangle described by 100% dissolution in the
same time.

Dissolution Efficiency (DE) =

1

I y.dt

= 100
Yio0o.Z
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The index DEs would relate to the dissolution
of drug from a particular formulation after 30
minutes and could be compared with DE3, of
other formulations. Summation of the large
dissolution data into a single figure DE
enables ready comparison to be made between
a large numbers of formulations.

RESULTS AND DISCUSSION

All the dissolution parameters given in Table 2
indicated rapid and higher dissolution of MA
from all solid dispersions when compared to
MA pure drug. MA-HPMC-DCP (2:2:10) solid
dispersion gave rapid and higher dissolution
than the pure drug. A 8.33 fold increase in the
dissolution rate of MA was obtained with this
solid dispersion when compared to pure drug.
Combined carriers gave much higher
enhancement in the dissolution rate of MA
than water dispersible carriers alone. Solid
dispersions of superdisintegrants gave rapid
and higher dissolution of MA when compared
to pure drug as well as its solid dispersion in
water soluble PVP. In each case, the K; and
DE3 values were increased. A 8.33 fold
increase in the dissolution rate of MA was
observed  with MA-HPMC-DCP  solid
dispersion.  All the solid dispersions in
combined carriers gave much higher rates of
dissolution, several times higher than the
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dissolution rate of pure drug. MA-HPMC-
DCP solid dispersion gave a 8.33 fold increase
in the dissolution rate of Mefenamic Acid
whereas solid dispersion of Mefenamic Acid
in DCP alone (MAX-DCP 16 solid dispersion)
gave only 2.78 fold increase. Thus combination
of superdisintegrants with water soluble
carrier HPMC resulted in a greater
enhancement in the dissolution rate of MA.

CONCLUSION

Thus superdisintegrant DCP was found to be
useful as a carrier in MA solid dispersions
alone and in combination with HPMC to
enhance the solubility, dissolution rate and
dissolution efficiency.

ACKNOWLEDGEMENTS

The authors would like to express sincere
thanks to the Management of D.C.R.M.
Pharmacy College, Inkollu, Prakasam District,
A.P. and Vishwa Bharathi College of
Pharmaceutical Sciences, Perecherla,
Guntur,A.P. for their encouragement and
providing necessary facilities in carryout this
research work. The authors would also
express sincere thanks to M/s. Sigma
Laboratories, Mumbai for generous gift of
mefenamic acid samples.

Table 1: Composition of Various Solid Disperpersions Prepared

Composition
S:No. Drug Carriers SD Code
1. Mefenamic Acid (2) PEG(2), DCP (10) MA-PEG-DCP, 2210
2. Mefenamic Acid (2) PVP (2), DCP (10) MA-PVP-DCP, 2210
3. Mefenamic Acid (2) HPMC (2), DCP (10) MA'HEZ'\QOC'DCP*
4. Mefenamic Acid (1) DCP(6) MA-DCP, 16

Table 2: Mefenamic Acid Content of Various Solid Dispersions Prepared

Percent Mefenamic Acid
S. No. SD Code Content
(x*s.d.)
1. MA-PEG-DCP, 2210 14.23 + 0.44 (0.79)
2. MA-PVP-DCP, 2210 14.24 £ 0.92 (0.75)
3. MA-HPMC-DCP, 2210 14.26 +0.89 (0.58)
4. MA-DCP, 16 14.22 +0.72 (0.81)
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Table 3: Dissolution Profiles of Mefenamic Acid Solid Dispersions

Percent Mefenamic Acid Dissolved ( X +s.d., n=3)
Time MA-DCP | MA-PEG-DCP MA-HPMC- MA-PVP-DCP
(min) MA 16 2210 pep 2210
2210
5 1239+0.3 | 24.1+0.4 20.4+05 54.6+0.3 137+0.6
10 18.66+0.8 | 29.9+0.3 26.9+0.4 75.28+0.4 24.8+40.5
20 2422406 | 47.8+0.4 37.840.3 85.39+0.3 45.8+0.3
30 28.83+0.7 | 52.8+0.6 48.7+0.6 91104 57.4+0.3
45 3225403 | 654407 54.4+05 92.4405 80.9+0.4
60 36.0540.4 | 75406 67.240.2 100.2+0.4 80.9+0.6
90 3921405 | 84806 86.140.3 100.2+0.5 94.940.5
120 4162403 | 100+05 100.5+0.4 100.3+0.4 100.8+0.5

Table 4: The Correlation Coefficient (r) values in the Analysis of
Dissolution Data of Mefenamic Acid Solid Dispersions
as per Zero order, First Order and Hixson-Crowell Cube Root Models

Correlation coefficient (r) value

S. No. Solid Dispersion First Hixson-

Zero order

order Crowell
1. Mefenamic Acid 0.976 0.991 0.989
2. MA-PEG-DCP, 2210 0.974 0.957 0.989
3. MA-PVP-DCP, 2210 0.967 0.991 0.992
4. MA-HPMC-DCP, 2210 0.77 0.946 0.906
5. MA-DCP, 16 0.903 0.983 0.975

Table 5: Dissolution Parameters of Mefenamic Acid and its

Solid Dispersions in Superdisintegrants

Dissolution Parameter
S.No. Solid Dispersion Tso DEzo K1 NO' of fol_ds
? - increase in
(min) | (%) (min 1) K,
1. Mefenamic Acid >60 19.6 0.0072 -
2. MA-DCP, 16 24 36.2 0.020 2.78
3. MA-PEG-DCP, 2210 32 30.9 0.020 2.78
4, MA-HPMC-DCP, 2210 05 716 0.060 8.33
5. MA-PVP-DCP, 16 24 33.3 0.032 4.44
120 -
i
:
N

120 140

o 20 40 60 80 100
Time (min)
—=— MA: PEG: DCP 2210

—— MA: PVP:DCP 2210
—x— MA:DCP 16

‘

—— MA:HPMC:DCP 2210

Fig. 1: Dissolution Profiles of Mefenamic Acid
and its solid dispersions

1131



IJRPC 2011, 1(4)

Prasada Rao et al. ISSN: 2231-2781

2.5 -

aining

1.5 -

Log % Drug Rem:

0.5 -

Fig. 2: First Order Dissolution Plots of Mefenamic Acid
and its Solid Dispersions
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Fig. 3: Hixson-Crowell Dissolution Plots of Mefenamic
Acid and its Solid Dispersions
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Fig. 4 FTIR Spectra of (1) MA (I11) MA: HPMC (111) MA: DCP
(IV) MA: HPMC: DCP Solid Dispersions (From top to bottom)
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Fig5: XRD Graphs of (1) MA (11) MA: DCP (111) MA: HPMC: DCP
Solid Dispersions (From top to bottom)
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Fig. 6: DSC Thermograms of (1) MA (1) MA: HPMC (111) MA:DCP
(IV) MA:HPMC:DCP Solid Dispersions

1133



IJRPC 2011, 1(4)

REFERENCES

1.

10.

11.

Ahmed SM, Rahman AA, Saleh Sl and
Ahmed MO. Comparative Dissolution
Characteristics of Bropirimine-beta-
cyclodextrin inclusion complex and its
solid dispersions with PEG-6000. IntJ
Pharm. 1993;96:5-11.

Rabasco AM, Ginesh JM, Fernandez
AM and Holgado MA. Dissolution
Rate of Diazepam from Polyethylene
glycol 6000 solid dispersions. Int J
Pharm. 1991; 67(2):201-206.

Popli H, Murthy RS and Miglani BD.
Solid Dispersions as a Drug Delivery
System for Sulfamethoxazole and
Nitrofurantoin. Ind J Hosp Pharm.
1994;31:97-100.

Yadav VB, Yadav AB. Indomethacin
solid dispersions by kneading method
with  lactose  monohydrate and
different polymers. Pharmacy Res.
2009;2:1489-1492.

Dhirendra K, Lewis S, Udupa N and
Atin K. Solid Dispersions: A Review,
Pak J Pharm Sci. 2009;22:234-246.
Chaulang G, Pater P, Hardikar S,
Kelkar M, Bhosale A and Bhise S.
Formulation and evaluation of solid
dispersions of furosemide in sodium
starch glycolate. Tropical Journal of
Pharmaceutical Research. 2009;8:43-51
Ulla MR, Gangadharappa H and
Rathod N. solubility and dissolution
improvement of rofecoxib using solid
dispersion technique. Pak J Pharm Sci.
2008;21:350-355.

Mesnukul A and Phaechamud T.
Indomethacin-Polyethylene Glycol
Tablet  Fabricated  with Mold
Technique, Journal of Metals.
Materials and Minerals.2008;18:57-167.
Sapkal NP, Kilor VA, Bhusari KP and
Daud AS. Eavluation of some
Methods for preparing Gliclazide-B-
Cyclodextrin Inclusion Complexes,
Tropical Journal of Pharmaceutical
Research. 2007;6:8330840.

Patel RP and Patel MM. Preparation
and Evaluation of Inclusion Complex
of the Lipid Lowering Drug
Lovastatin with B-Cyclodextrin,
Dhaka Univ J Pharm Sci. 2007;6:25-36.
Purvis T, Mattucci ME, Crisp MT,
Johnson KP and Williams RO. Rapidly
Dissolving  repaglinide  Powders

Prasada Rao et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ISSN: 2231-2781

Produced by the Ultra-Rapid Freezing
Process, AAPS Pharm Sci. 2007;8:58.
Chaudhari PD and Uttekar PS Melt-
Sonocrystallization: A Novel Particle
Engineering Technique for Solubility
Enhancement, Int J Pharm Tech Res.
2009;1:111-120.

Nighute AB and Bhise  SB.
Enhancement of Dissolution rate of
Rifabutin by preparation of
Microcrystals using Solvent Change
Method. Int J Pharm Tech Res.
2009;1:142-148.

Yadav VB and Yadav AV.
Enhancement of solubility and
dissolution rate of Fenofibrate by melt
granulation technique. Int J Pharm
Tech Res. 2009;1:256-263.

Leonardi D, Barrera MG, Lamas MC
and Salomon CJ. Development
Prednisone: Plyethylene glycol 6000
fast — release tablets from solid
dispersions: solid - state
characterization, dissolution behavior,
and formulation parameters. AAPS
Pharm Sci Tech. 2007; 8:108.

Mathew J and Franchis. Dispersion
and method of preparing them, US
patent-US2007/021/13411A1.Pp-11.
Teresa H and Ado Jan Pawlaczyk. Jof
Inclusion Phenomena and Macrocyclic
Chemistry. 1999;3:35.

Brown M. Introduction to thermal
analysis: Techniques and applications.
New York: Chapmann and
Hall;1988.p.121-4.

Hixon AW. and Crowell JH. Ind Eng
Chem. 1931;23:923.

Khan KA, Rhodes CT. Pharma Acta
Helv. 1972;47:594.

1134



