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ABSTRACT: Several attempts have been made to improve the solubility of water insoluble drugs. Over the years,
inclusion complexation of drugs with B-cyclodextrin has emerged as a viable attempt to improve the dissolution of
water insoluble drugs. The aim of the present work was to improve the dissolution rate of lovastatin, a water insoluble
drug, by inclusion complexation with B-cyclodextrin. The stoichiometric ratio determined by phase solubility analysis
for inclusion complexation of lovastatin with -cyclodextrin was 1:1. The solubility of lovastatin increased with
increasing amount of B-cyclodextrin in water. Gibbs free energy (AG,°) values were all negative, indicating the
spontaneous nature of lovastatin solubilization. Complexes of lovastatin were prepared with B-cyclodextrin by
various methods such as kneading, coevaporation and physical mixing. The complexes were characterized by
Fourier-transform infrared (FTIR) spectroscopy, differential scanning calorimetry (DSC), and X-ray diffraction
(XRD) patterns. These studies indicated the inclusion of lovastatin in the cavity of B-cyclodextrin. The complexation
resulted in a marked improvement in the solubility of lovastatin. The complex prepared by kneading method showed
fastest and highest in vitro dissolution rate compared to the tablets of pure of lovastatin. Physical mixture of B-
cyclodextrin/lovastatin also showed significant improvement in the dissolution rate compared to pure lovastatin.
Mean dissolution time (MDT) of lovastatin decreased significantly after preparation of complexes and physical
mixture of lovastatin with B-cyclodextrin. Similarity factor (f,) indicated significant difference between the release

profiles of lovastatin from complexes and from pure lovastatin.
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INTRODUCTION

Cyclodextrins (CDs) form a group of structurally
with
cavities that have the capacity to form inclusion

related  oligosaccharides cylinder-shaped
complexes with many drugs by taking a whole drug
molecule, or a part of it, into the cavity."* Because of
the large number of hydroxyl groups on CDs, they
are water-soluble. They are known for their ability to
molecularly encapsulate a wide variety of drugs into
their hydrophobic cavity without the formation of any

covalent bonds.”® Complexation with cyclodextrins
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has been reported to enhance the solubility,
dissolution rate and bioavailability of poorly water
soluble drugs. CDs first came to the fore in marketed
products as drug delivery technologies that enabled
the development of various prostaglandins.” Many
other drugs have been tested for CD inclusion to
enhance solubility such as bropirimine, ibuprofen,

tolbutamide doxorubicin and daunorubicin.®!!

In vitro dissolution testing provides an easy and
convenient means to evaluate the performance of
pharmaceutical preparations. In this study an attempt
was made to compare the similarity between in vitro
dissolution profiles of Lovastatin (Lov) from

complexes, physical mixture and pure Lov.
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Dissolution profiles can be compared by calculating
similarity factor (f, values). The method was first
reported by Moore and Flanner.'

Mean dissolution time (MDT) reflects the time
for the drug to dissolve and is the first statistical
moment for the cumulative dissolution process that
provides an accurate drug release rate."

Lov is a prodrug. After oral administration, the
hydrolyzed to the
corresponding hydroxyacid form. The hydroxyacid is

inactive parent lactone is
the principal metabolite and a potent inhibitor of 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG CoA)
reductase. This enzyme catalyzes the conversion of
hydroxymethylglutarate to mevalonate, which is
early and rate limiting step in the biosynthesis of
cholesterol.''"> Lov is white crystalline powder,
insoluble in water (0.4 pg/ml). At room temperature,
the partition coefficient of Lov in n-octanol/water
system is approximately K, = 1.2 x 10*.'° Low
aqueous solubility of Lov leads to inadequate
dissolution in gastrointestinal (GI) fluids and hence
poor absorption, distribution and target organ
delivery. Improvement of aqueous solubility in such
a case is a valuable goal to improve therapeutic
efficacy. The present study was planned to improve
the aqueous solubility and dissolution rate of Lov by
preparing complexes with B-cyclodextrin (B-CD)
such as

employing methods kneading and

coevaporation. The study further aimed to

characterize the interaction between Lov and B-CD.

MATERIALS AND METHODS

Materials. Lov was received as a gift sample
from Lincoln Pharmaceuticals Ltd, (Ahmedabad,
India). The samples of B-CD and sodium lauryl
sulfate (SLS) were procured from S.D. Fine
Chemicals, (Vadodadra, India). Directly compres-
sible lactose, maize starch, sodium starch glycollate,
colloidal silicon dioxide, and magnesium stearate
were received as gift samples from Maan
Ltd., (Ahmedabad, India). All

chemicals and solvents used in this study were of
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analytical reagent grade. Freshly distilled water was
used throughout the work.

Phase Solubility Study. The stoichiometric ratio
and constant were determined by using phase
solubility method of Higuchi and Connors.'” Excess
quantities of the drug were transferred to batches of
25 ml of aqueous solution of B-CD in various molar
concentrations (2.0, 4.0, 6.0, 8.0, 10.0, 12.0 and 14.0
mmol/L) contained in screw capped vials. These
solutions were stirred on electromagnetic stirrer
(Remi) at a constant temperature 37 °C £ 0.1 for 48 h
and 400 rpm (this duration was previously tested to
be sufficient to reach equilibrium). The samples were
filtered through a 0.22 pum membrane filter. The
suitably  diluted and
spectrophotometrically for drug content at the

filtrate was analyzed
wavelength of 238.2 nm using a U.V. visible spectro-
photometer, Shimazdu-1601. Solubility studies were
performed in triplicate. Data obtained from phase
solubility diagram was used to determine
stoichiometric ratio by plotting concentration of LOV
against the concentration of B-CD. The stability
constant (Ks) for the complex was determined from

the graph using equation.'’

Ks—_ Slope (1)
S, (1-slope)

where slope is obtained from the graph and S, is the
equilibrium solubility of Lov in water.

Preparation of inclusion complexes. Complex
of B-CD and Lov were prepared in the molar ratio of
1:1 (on the basis of phase solubility study) by
different methods like kneading, coevaporation, and
physical mixture. For preparation of the complex by
coevaporation method (CCOE), methanol and water
were used as solvents. The required quantity of Lov
and B-CD were dissolved in methanol and water
respectively. Both the solutions were mixed and
solvents were evaporated by controlled heating at 45
- 50 °C. The resultant solid was pulverized and then
sieved through 120 #. Complex prepared by kneading
method (CKD) was prepared by geometric mixing of
powders, Lov and B-CD, and then kneaded with 1 : 1
mixture of ethanol - water to obtain a mass with a
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pasty consistency, which was dried in a hot air oven
at 45 to 50 °C. The dried mass was sieved through
120 #. Physical mixture (PM) of B-CD and Lov was
prepared by geometric mixing of Lov and B-CD
without applying pressure. The required quantities of
Lov and B-CD were taken in a glass mortar and
mixed for 15 minutes.

Characterization of Complexes

Fourier transform infrared (FTIR)

spectroscopic analysis. The Fourier transform
infrared spectrum of moisture free powdered sample
of Lov, B-CD, PM, CCOE, and CKD were recorded
on IR spectrophotometer (FTIR — 8300, Shimadzu)

by potassium bromide (KBr) pellet method.

X-ray diffraction (XRD) analysis. Powder
diffraction patterns of all samples were obtained
using Phillips PW 3710 scanner, IW 1830 generator
with a CuK o anode at 40 kV and 30 mA and at a
scan rate of 1° min" with 20 range from 1 to 40°,
conducted at Sun Pharmaceutical Advance Research
Center, Vadodara, India.

Differential calorimetry (DSC)
analysis. DSC scans of the powdered sample of all

scanning

samples were recorded using DSC- Shimadzu 60
with a TDA trend line software. The thermal traces
were obtained by heating the complex from 50 to
300 °C at heating rate of 10 °C under inert nitogen
dynamic atmosphere (100 ml/min) in open aluminum
and were conducted at

crucibles Pharmacy

Department, M. S. University, Baroda, India.

Dissolution Studies. Dissolution studies of Lov
in powder form, PM, CCOE, and CKD were
performed to evaluate in vitro drug release profile.
Dissolution studies were carried out using a USP
dissolution apparatus type II with 500 ml dissolution
mediums at 37 °C £ 0.5 and 50 rpm for 3 h. 0.1 N
HCI and Phosphate buffer (pH 6.8) containing 0.25%
(w/v) of sodium lauryl sulfate (SLS) were used as
different dissolution mediums. At fixed time intervals
(every 15 min for 3 h.), 10 ml aliquots were
withdrawn, filtered, suitably diluted and then assayed
for Lov content by measuring the absorbance at 238.2
nm. Fresh media (10 ml), which was prewarmed at

37 °C, was replaced in to the dissolution medium
after each sampling to maintain its constant volume
throughout the test. Pure drug, PM, CCOE, and CKD
were evaluated for dissolution rate studies.
Dissolution studies were performed in five replicates
(n = 5), and calculated mean values of cumulative
drug release were used while plotting the release
curves. MDT values were calculated to compare the
extent of improvement in the dissolution rate of PM,

CCOE, and CKD.

Formulation studies. Tablets containing 10 mg
of Lov were made by direct compression using
compressible lactose (60% w/w), maize starch (23%
w/w), sodium starch glycollate (5% w/w), colloidal
silicon dioxide (1% w/w), and magnesium stearate
(1% w/w), as excipients. Tablets containing CKD
equivalent to 10 mg Lov were made similarly but
excluding lactose. The tablets were studied in five
replicates for release profile of drug using the same
methodology as described in in vitro dissolution
studies.

Statistical analysis. The similarity factor f, is a

measure of similarity in the percentage dissolution
between two dissolution curves and is defined by
following equation (12):

f, =50 10g{|:1+:]zn Wt(Rt_Tt)Z} 'xlOO} ()

t=1

where n is the number of withdrawal points, R; is the
percentage dissolved of the reference at the time
point t and T, is the percentage dissolved of the test
at the time point t.

A value of 100% for the similarity factor (f,)
suggests that the test and reference profiles are
identical. Values between 50 and 100 indicate that
the dissolution profiles are similar whilst smaller
values imply an increase in dissimilarity between
release profiles.'

RESULTS AND DISCUSSION

Phase solubility study. The solubility of Lov in
water at 25 °C is 0.4 pg/ml; therefore, Lov can be
considered to be a water insoluble drugs. The phase
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solubility curve of Lov in the presence of B-CD is
shown in Figure 1. From this curve, it can be seen
that the apparent solubility of Lov increases due to
the formation of an inclusion complex between Lov
and B-CD. A linear increase of solubility of Lov was
observed with an increase in concentration of 3-CD
in water. Solubility of Lov is increased by 10.75-fold
at 14 mmol/L concentration of B-CD. An indication
of the process of transfer of Lov from pure water to
aqueous solution of B-CD was obtained from the
values of Gibbs free energy change. The Gibbs free
energy of transfer (AG,°) of Lov from pure water to
aqueous solution of P-CD was calculated using'®
equation

o S
AG,° = -2.303RT10g[S°] (1

where So/Ss = the ratio of molar solubility of Lov in
aqueous solution of B-CD to that of the pure water.
The obtained values of Gibbs free energy are shown
in Table 1. AG,° values were all negative for §-CD at
various concentrations, indicating the spontaneous
nature of Lov solubilization, and it decreased with an
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Figure 1. Phase Solubility Curve of Lov in Aqueous Solution of 8-
CD at 37°C.

Table 1. Gibbs free energy of transfer (AGtr°) for
solubilization process of Lov in aqueous solutions of B-CD at
37°C.

% (w/v) of B-CD in water AG° (KJ/mol)?

0.23 -2.56
0.45 -3.81
0.68 -4.39
091 -4.99
1.14 -5.53
1.36 -5.85
1.59 -6.15

=

=
I

%)
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increase in its concentration, demonstrating that the
reaction became more favorable as the concentration
of B-CD increased.

The phase solubility plot showed an Ap type
solubility curve, which indicates that only 1:1 B-CD -
Lov inclusion complex was formed in solution. The
stability — constant (Ks) calculated for the
complexation of Lov with B-CD in solution at 25 °C
is 538.84 M, assuming a 1:1 stoichiometry for the
complex, which indicates a suitable and stable
complex formation. Ks value between 200-5000 M
suitable for the

improvement of bioavailability of poorly soluble

is considered as the most

drugs."”
Characterization of complexes

Fourier transform infrared (FTIR) spectro-
scopic analysis. The FT-IR spectra of PM, CCOE
and CKD were compared with spectrum of B-CD and
Lov (Figure 2). The presence or absence of
characteristic peaks associated with specific
structural groups of the drug molecule were noted.
The spectrum of pure Lov presented characteristic
peaks at 3510 cm’ (Alcohol O-H stretching
vibration), 3016 cm™ (Olefinic C-H stretching
vibration), 2970, 2930 and 2876 cm” (Methyl and
Methylene C-H stretching vibration), 1725, 1713 and
1690 cm” (Lactone and ester carbonyl strech
(Hydrogen bonded for 1711 and 1700 cm™)), 1430,
1378 and 1350 cm™ (Methyl and Methylene bending
vibration), 1275, 1228, 1080 and 1050 cm™ (Lactone
and Ester C-O-C bending vibration), 972 cm’
(Alcohol C-OH strech), and 873 cm™ (Trisubstituted
olefinic C-H wag), respectively. The spectra of PM,
CCOE and CKD were equivalent to the addition
spectrum of B-CD and Lov. These results indicate
absence of well defined chemical interaction between
B-CD and Lov during mixing, coevaporation and
kneading. IR spectra of PM, CCOE and CKD
showed most of characteristic peaks similar to that of
B-CD except one peak at 1700 cm™ for lactone and
ester carbonyl stretching vibration (Hydrogen bonded
for 1711 and 1700 cm™) which is characteristic of
Lov. This indicates that pyrol part of the Lov remains
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outside the B-CD whereas the remaining part fits
inside the B-CD cavity.

Differential calorimetry (DSC)
analysis. The thermograms for pure Lov, B-CD, PM,
CCOE, and CKD are presented in Figure 3. The Lov
showed a melting endotherm at 173.7 °C with
enthalpy of fusion (AH) 104.282 J/g. In the
thermogram of the B-CD, two endothermic peaks

scanning

were present. Peak at 100° C was due to loss of water
from B-CD molecules and peak at 300°C indicated
the melting or thermal decomposition of B-CD. A
characteristic sharp endothermic peak of Lov in the
range of 171 to 176
thermograms of CCOE and CKD, indicating partial

°C was absent in the
amorphization of the drug and trapping of Lov inside
the B-CD cavity. In the thermogram of PM, sharp
endotherm was observed at the same position to that
of Lov indicating presence of untrapped Lov.

(XRD)
diffraction spectrums of pure Lov, PM, CCOE and
The diffraction
spectrum of pure Lov showed that the drug was of

X-ray diffraction analysis. The

CKD are presented in Figure 4.

crystalline nature as indicated by numerous, distinct
peaks. Numerous prominent diffraction peaks of Lov
were observed indicating the presence of crystalline
Lov. Pure B-CD showed characteristic peaks at 20 of
7.92,9.41, 10.88, 15.7, 16.69, 18.9, 26.06, 28.38, etc.
The CCOE and CKD exhibited the presence of
characteristic peaks of B-CD and absence of
characteristic peaks of Lov, suggesting that Lov is
trapped inside the cavity of B-CD. However, peaks at
20 between 20.00 to 25.00 in
corresponding to Lov indicate partial untrapped part

complexes

of Lov inside the B-CD cavity which also conforms
with Infrared study of complexes. The spectrums of
CCOE and CKD were characterized by absence of
prominent peaks of Lov, suggesting that Lov is
present in amorphous form. Moreover, no other peaks
than those that could be assigned to the pure -CD
and Lov were detected in the complexes, indicating
absence of chemical interaction in the solid state
between the two entities. Results of this study
confirms that Lov is no longer present as a crystalline

material and its B-CD complexes exist in amorphous
state.

Dissolution studies. The dissolution of poorly
soluble drugs requires dissolution media that are
different from those normally used for water soluble
drugs. One of the techniques that has been used is the
incorporation of a small amount of surfactant in the
dissolution medium.” Studies on sodium lauryl
sulfate (SLS) solutions indicate that surface tension
of SLS solutions decreased dramatically above the
critical micelle concentration (0.023%), and it
reached a minimum surface tension at 0.2% with no
significant change at higher concentrations.”**' This
suggested that a biocomparable surface activity can
be achieved at low surfactant concentrations (0.2%).
Since the principal objective of this work was to
improve the dissolution rate of Lov, dissolution
studies were carried out for initially 3 h.

Q30 min» Q60 min and Q120 min values (percent drug
dissolved within 120 minutes) in 0.1 N HCI and
phosphate buffer (pH 6.8) are reported in Table 2.
From this data, it is evident that onset of dissolution
of pure Lov is very low in both dissolution medium
(29.99 and 27.20% within 120 min, respectively).
CKD and CCOE considerably enhanced dissolution
rates within 120 min compared to pure Lov and PM.
The graphical presentation of the dissolution profile
of pure Lov, PM, CCOE and CKD samples in 0.1 N
HCI and phosphate buffer (pH 6.8) over a period of 3
h is shown in Figures 5 and 6, respectively. CKD and
CCOE enhanced dissolution rate of Lov significantly
(90-100% in 0.1 N HCI and 85-95 % in phosphate
buffer) within 3 h. Possible mechanism of improved
dissolution rates of complexes have been proposed by
Vromans et al.”? and include: reduction of crystallite
size, a solubilization effect of carrier, absence of
aggregation of drug crystallites, improved wettability,
dispersibility of a drug from dispersion, dissolution
of the in the hydrophilic carrier, conversion of drug
to amorphous state, and finally, the combination of
the above methods.”

The dissolution rate of Lov from PM was higher
(74.71 % in 0.1 N HCI and 74.72% in phosphate
buffer) than that of pure Lov (36.10% in 0.1 N HCl
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and 34.00% in phosphate buffer) within 3 h. The
increased dissolution rate observed in case of PM can
be attributed such as a
solubilization effect of B-CD, improved wettability of
drug, and prevention of particle aggregation.

to several factors

MDT reflects the time for the drug to dissolve
and is the first statistical moment for the cumulative
dissolution process that provides an accurate drug
release rate.”’ It is accurate expression for drug
release rate. A higher MDT value indicates greater
drug retarding ability. In order to calculate mean

33

dissolution time (MDT) of pure Lov, PM, CCOE, and
CKD, the mean (n = 3) of cumulative drug release
(ug) was used. The obtained values of MDT for pure
Lov, PM, CCOE, and CKD are presented in Table 3.
The MDTs of Lov are 64.92 min in 0.1 N HCI and
66.13 min in phosphate buffer.
decreased greater extent to after preparing complex
of Lov with B-CD i.e. 26.20 min in 0.1 N HCI and
32.67 min in phosphate buffer for CKD and 38.42
min in 0.1 N HCI and 44.29 min in phosphate buffer
for CCOE.

These values

100 1
>
=
= 80
=]
2
]
=
2 60
2
g
=
g 40 -
E
o
X
<20 A

0 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180
Time (minutes)
—e— CKD —a— CCOE —— PM —%— Pure LOV

Figure 5.
experiments)

Table 2. Percentage Drug Dissolved Within 120 Minutes

In vitro Dissolution Profiles of pure Lov, and its Physical Mixture and Complexes in 0.1 N HCI (Each point is Mean * SD of five

% Lov release®

Sample 0.1 N HCI1 Phosphate buffer (pH 6.8)

Q30 min Q()O min QIZO min Q30 min Q60 min Q 120 min
Pure Lov 13.75+0.93 23.63+1.33 29.99 +1.42 10.62 +0.89 18.60 + 1.42 27.20 +1.59
PM 36.35+0.67 50.87 +£1.05 63.59 +1.38 30.9+0.96 44.09 £ 1.00 62.77+1.76
CCOE 56.55+0.78 73.12+1.68 83.11+1.77 46.29 +0.47 68.04 +1.53 79.69 +1.74
CKD 73.58 +£0.88 88.33+0.96 97.41+1.23 60.79 £ 0.93 81.45+1.27 92.44 +1.34

"Mean + SD, n = 5.

Calculated f, values for all samples are presented
in Table 4. From this Table, it is evident that the
release profile of Lov from CKD is highly different
from pure Lov in both dissolution medium (f, values
10.97 in 0.1 N HCI and 13.17 in phosphate buffer).

Even release profiles of Lov from CCOE and PM are
also significantly different from pure Lov in both
dissolution mediums. The release profile of Lov from
CCOE and PM were similar in both the dissolution
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medium as the f, values for these profiles are greater

to 50.

Table 3. Mean Dissolution time (MDT) values for pure Lov,

Patel and Patel

Table 4. Similarity Factor (f,) for Release Profiles of Lov in 0.1
N HCl and Phosphate (pH 6.8).

Release profile in 0.1 N HCL

! Release Sample Lov PM CCOE CKD
PM, CCOE, and CKD in 0.1 N HCI and Phosphate Buffer
(pH 6.8) Lov 8141 27.55 1787  13.17
PM 26.71 66.8 39.34 28.21
MDT (min)* CCOE  16.03 3614 53.04 46.99
Sample 0.1 N HC1 Phosphate Buffer (pH 6.8) CKD 10.97 2488 4422 4882
Pure Lov 64.92 66.13
PM 5160 5849 Formulation studies. The complex
CCOE 38.42 44.29 prepe}red by kpeadmg method was studl.e.d for
physical properties to judge its tableting ability. In
CKD 26.20 32.67 e eqel . o
general, compressibility index values up to 15% and
‘Mean+SD, n=5. angle of repose between 25 to 30 © results in good to
100 -
90 -
> 80
3
) 70 A
§ 601
s 50
g
E 40
£ a0
3 30
K
20
10 4
0 T T T T T T T T 1
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—— CKD —s— CCOE ——PM —%— Pure LOV

Figure 6. In vitro Dissolution Profiles of pure Lov, and its Physical Mixture andComplexes in Phosphate Buffer (pH 6.8) (Each point is
Mean £ SD of five experiments)
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Figure 7. Comparative Drug Release Profiles of Conventional Tablets Containing Lov and Tablets Containing CKD in 0.1 N HCI and
Phosphate Buffer pH (6.8) (Each point is Mean £ SD of five experiments).
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excellent flow properties.””  Percentage  of
compressibility and angle of repose of CKD were
10.23% and 28.9°,

indicate good compressibility and flow properties,

respectively. These values

making it suitable for tableting.

Tablets prepared using complex showed faster
and reproducible release as compared to the tablets
containing pure Lov and no 3-CD, which showed 72
and 65.3% release in 4 hours with Tsp, of 115
minutes and 145 min in 0.1 N HCI and phosphate
buffer, respectively (Figure 7). This confirmed the
advantage of improved aqueous solubility of Lov in
its complex form, which can be formulated as tablets
with better dissolution characteristic. Release profiles
of Lov from conventional tablets containing Lov are
significantly different from tablets containing CKD
as the f2 values are 26.14 and 25.56 in 0.1 N HCI and
phosphate buffer, respectively. MDT values of Lov
from tablets containing CKD in both dissolution
medium (51.07 min in 0.1 N HCI and 60.49 min in
phosphate buffer) are significantly lower than that of
conventional tablets containing only Lov and no -
CD (87.96 min in 0.1 N HCI and 92.96 min in
phosphate buffer).

CONCLUSION

An inclusion complex of Lov and B-CD was
prepared successfully by kneading and coevaporation
method in a molar ratio of 1:1. This was confirmed
by FTIR, DSC, and X-ray diffraction spectroscopy.
The complexes prepared by different methods help to
improve aqueous solubility and in-vitro release
profile. These findings are extremely important from
a commercial point of view as the prepared complex
removes draw back of poor dissolution profile of
Lov.
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