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Abstract: Improved bioavailability is an added advantage for most of the poorly water soluble drugs. In recent years research work is
concentrated on various methods to improve the solubility characteristics of poorly soluble drugs and crystallization phenomenon is one
amongst them. The solubility problem can be solved by changing the crystal habit of drug, which improves the solubility and
dissolution. So, in the present investigation an attempt has been made to improve the solubility characteristics of Lercanidipine HCI an
anti - hypertensive drug, using solvent change method. In this method drug was dissolved in organic solvent (methanol) to form organic
phase. Aqueous phase was prepared by dissolving stabilizing agents in water. Poloxamer 407 (1%) and Polyvinyl pyrollidone K30
(1.1%) are used as stabilizing agents. The formulated crystals of LercanidipineHCI were subjected to various physico - chemical
parameters like size distribution, shape and surface characteristics using SEM, solubility studies, in - vitro dissolution studies, drug
content, solvent interactions with DSC, FT - IR, and crystallographic studies by PXRD. The microcrystals produced with Poloxamer
407 showed better dissolution as compared to pure drug and microcrystals formulated using PVP K30. FTIR and DSC results showed
that there was no interaction between the drug, solvent and the stabilizer. PXRD of micro - crystals showed higher peak height than
pure drug indicating that crystal habit modification occurred in the microcrystals without any polymorphic changes and were found to

be smaller in size than pure drug and free from any interactions.
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1. Introduction

A common observation throughout the pharmaceutical
industry is that as the potency and specificity of new drug
candidates are improving, the poor aqueous solubility is
often becoming a problem. This may result in poor
bioavailability of the active pharmaceutical ingredients.
Given the increasing number of compounds emerging from
discovery programs having poor aqueous solubility and/or
dissolution, pharmaceutical scientists are constantly seeking
new formulation approaches in order to obtain an adequate
oral bioavailability".

Several techniques are commonly used to improve
dissolution and bioavailability of poorly water - soluble
drugs, such as size reduction?, the use of surfactants®, the
formulation of solid dispersions®, complexation with
cyclodextrins, and the transformation of crystalline drug to
amorphous state®. In addition to the general solubility
enhancement techniques described above, drug particle size
reduction has often been used, in regards to the Noyes—
Whitney and Ostwald— Freundlich equations, to enhance
dissolution of poorly water soluble compounds®.

Particle size reduction is achieved because adsorption of
excipients onto the particle surface that inhibits particle
growth’. Particle size can be reduced and formulated into
micro - crystals. Crystal morphology may be altered by
preferential adsorption of stabilizing agent onto specific
faces of the growing crystal’. Crystallization is a
phenomenon in  which solid particles formed by
solidification under favorable conditions of a chemical
element or a compound, whose boundary surfaces are planes
symmetrically arranged at definite angles to one another in a

definite geometric form. The polymorphic changes will have
a definite influence on the solubility and thereby
bioavailability of a particular compound due to structural
differences resulting from different arrangements of
molecules in the solid state. Lercanidipine Hydrochloride is
a long - acting dihydropyridine CCB® with high vascular
selectivity, and thus has many of the characteristics that are
desirable in an antihypertensive agent. LercanidipineHCI
microcrystals were developed by solvent change
precipitation method. The microcrystals were evaluated by
various studies like powder X - ray diffraction, DSC, FTIR
and scanning electron microscopy for micromeritic
properties and finally for solubility.

2. Materials and Methods

LercanidipineHCI (LER) was supplied as a gift sample by
Apotexpvt research Ltd, (Bengaluru, India). Poloxamer 407
and polyvinyl pyrollidone K30 was supplied by Apotexpvt
research Ltd, (Bengaluru, India). Methanol of analytical
grade was procured from S. D. Fine (Mumbai, India).

Preparation of LER Microcrystals:

Microcrystals of LER (LM - I and LM - II) were prepared by
solvent change method'® using Poloxamer 407 and PVP K30
respectively. Briefly, a fixed amount of LER (7.5 g) was
dissolved in 30 ml of methanol. This organic phase was
added at room temperature, under constant mechanical
stirring (600 rpm) to 100 ml of 1 % and 1.1% w/v agqueous
solution of poloxamer 407 and PVP K30 respectively.
Stirring was continued for 30 min. Microcrystals were
collected after filtration, washed with deionized water and
dried at room temperature.
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Table 1: Formulation chart to prepare LER Microcrystals

Formulation | Amt of drug Stabilizing Amt of stabilizing Organic | Stirring speed| Temp (°C)
code (gm) agent agent (gm) solvent (ml) (rpm)
- 7.5 Poloxamer 407 5 30 600 25
LM - 11 7.5 PVP K30 5.5 30 600 25

Percentage yield:

The practical percentage yield" was calculated from the
weight of dried microcrystals (Practical mass) to the initial
weight (Theoretical mass) & the results are reported in the
percentage yield was calculated by using the following
formula:

Practical Mass

%VYield= ———
ot Theoretical Mass

X 100

Drug content:

A weighed quantity of the microcrystals were dispersed in
100 ml of 0.1 M HClL1ml of resultant solution was
withdrawn and diluted to 10 ml. The above solution was
analyzed by UV - Visible Spectrophotometer (Shimadzu UV
- 1700, Japan) at 241.5nm. It was carried out in triplicate.

Solubility studies:

The solubility*? of Lercanidipine microcrystals in water was
determined by taking excess quantity of microcrystals and
adding to 100ml volumetric flask filled with water and
sonicated. The solution was filtered through whatmann filter
paper and the drug concentration was determined
spectrophotometrically at 241.5nm.

Particle size determination:

Particle size™® of the prepared microcrystals was determined
by optical microscopy. The optical microscope was fitted
with an ocular micrometer and a stage micrometer. The
eyepiece micrometer was calibrated. The particle diameters
of more than 200 microcrystals were measured randomly by
optical microscope. The average particle size was
determined by using the Edmondson’s equation:

> nd
Yn

Dmean -

Where,
n — Number of microcrystals observed
d — Mid point range.

In - vitro dissolution studies:

The in vitro dissolution studies were carried out using USP
type Il dissolution apparatus (Rotating Basket type). The
dissolution study was carried out in 0.1M HCI solution of
pH 1.2. The dissolution medium was Kkept in a
thermostatically controlled water bath, maintained at 37 +
0.5°C. The rotation of basket was set to 75 rpm. At
predetermined time intervals between 0 and 80 min, 5ml of
dissolution medium was withdrawn and analyzed for the
drug release at 241.5 nm. At each time of withdrawal, 5ml of
fresh corresponding dissolution medium was replaced into

the dissolution flask. The samples withdrawn were analyzed
by UV method at 241.5nm against blank.

Powder x - ray diffraction:

X - ray powder diffraction patterns were used to detect
possible polymorphic transition during the crystallization
process. X - ray powder diffraction®* were obtained at room
temperature  (25°C) using Bruker XS D8 Advance
diffractometer (Cu K& source A = 1.5418 A) with tube
copper anode over the interval 5 to 60° of 20. The operation
data were as follows: generator tension (voltage) 40 kV,
generator current 30mA and scanning speed 0.02%/min.

Shape and surface morphology:

The shape and surface characteristics of the prepared
microcrystals were evaluated by means of Scanning electron
microscopy™® (SEM) (Using Ultra - 55 Carl Zeiss Field
emission scanning electron microscope). The samples for
scanning electron microscopy were prepared by gently
sprinkling the microcrystals on a double adhesive tape,
which is stuck to an aluminium stub. The stubs were then
coated with gold using a sputter coater under high vacuum
and high voltage to achieve a film thickness of 30nm. The
samples were then imaged using a 3 kV electron beam.

Fourier transform infrared radiation (FT - IR)

In order to check the integrity (Compatibility) of drug in the
formulation, FT - IR spectra of the microcrystal
formulations with that of pure drug were compared (using
Shimadzu FT - IR 8400 spectrophotometer) using potassium
bromide (KBr). The samples were thoroughly blended with
dry powdered potassium bromide crystals. The mixture was
compressed to form a disc. The disc was placed in the
spectrophotometer and the spectrum was recorded. The FT -
IR spectra of the formulations were compared with the FT -
IR spectrum of the pure drug

Differential scanning calorimeter: Differential scanning
Calorimetry (Mettler - 7, Germany) was performed to study
the thermal behaviours™ of drug alone and mixture of drug
and polymer. Samples of about 1 - 3 mg were weighed and
placed in aluminium pans and the lids were crimped using a
shimadzu crimper. An empty pan sealed in the same way as
for the sample was used as a reference. Thermal behaviour
of the samples was investigated under nitrogen gas at
scanning rate of 20°C/min, covering a temperature range of
30 - 300°C.

Stability studies: The selected formulations were packed in
the containers and are tightly closed with the cap. They were
stored at the stated conditions for one month™. Samples
were analyzed after 30 days and they were evaluated for
drug content.
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3. Results and Discussions
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Figure 3: FT - IR Spectrum of formulation LM - |1
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Table 2: Comparison of FT - IR spectra of Lercanidipine HCI, Microcrystals LM - 1 and LM - 1I:

Sl.no| Drug/polymer | OH stretch | N — H stretch

CH Stretch CH3 stretch | C=0 (amide) [C=C stretch| C-N

(cm™h (cm™  |(Aromatic) cm H| (cm™} (cm™h (cm™? (cm™h
1 Lercanidipine Hcl 3186.51 3389.04 3061.13 1435.09 1489.10 1525.74 1346.36
2 LM -1 3188.44 3387.11 3061.13 2875.96 1489.10 1525.74 1346.36
3 LM -1l 3190.37 3390.37 3063.06 2845.10 1489.10 1525.74 1346.36
Table 3: Percentage Yield and Drug Content: Table 4: Solubility results of formulations and pure drug in
Formulations | Drug content (%) | Percentage yield (%) water at 25 °C.
LM -1 99.09 97.50 Sl. No Formulation Solubility (ug/ml) +SD
LM -1l 97.77 96.66 01 Lercanidipine HCI 51.89 + 0.002
02 LM -1 130.22 + 0.001
Percentage 'fiEld 03 LM -1l 118.01 + 0.002
Solubility(pug/ml)
100
99 140 [
= 120
a7
a6 100 | m Solubility
a5 . BO | {gdmi)
99 / 60
£ 40
LM L1 0
Figure 4: Graphical representation of % yield values for o Lk
Mlcrocrystals Pure drug LML LMA-1I

DRUG CONTENT (%)

LPaA-11

Figure 6: Graphical representation of solubility of
formulations and pure drug.

Table 5: Particle size analysis for the prepared microcrystals

L1
o Frequency of Distribution
. . Micro Crystals
Particle Size (um)
" Wdrug LM -1 LM -1l
cantent 0-10 20 09
10-20 23 14
a0 20-30 27 23
/ 30 —40 61 67
. 40 - 50 49 39
- - - 50 - 60 16 30
Figure 5: Graphical representation of drug content values 6070 04 18
for Microcrystals Avg. Particle Size (um) 34.50 38.75
70 17 -
60 g
50 +
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40 +° LI
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Figure 7: Particle size frequency distribution of formulation LM — |
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Figure 8: Particle size frequency distribution of formulation LM - 11
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Figure 9: SEM photographs of, A= Lercanidipine HCI, B= LM - I, C=LM - II.
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Figure 10: Powder X - Ray Diffractometry graphs of A= pure drug, B=LM -1, C=LM - 1I.
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Table 6: In - vitro drug release data of pure drug & prepared microcrystals

SI. No Time % Cumulative Drug Release
' (min) | Pure Drug LM -1 LM -1l
1 0 0 0 0
2 10 4.98 12.86 11.60
3 20 9.63 25.56 23.46
4 30 16.86 39.79 36.17
5 40 23.16 57.12 52.95
6 50 28.64 71.10 63.28
7 60 38.16 83.28 72.70
8 70 4791 93.34 83.25
9 80 59.21 99.02 94.34

+—% COR PD
) = %COR LM-|

%CDR

—k—%BCDR LM

o 20

eQ BO

40
TIME (min)

Figure 11: Comparative In - vitro drug release profile of Microcrystals to that of pure drug (PD) at the end of 80min:

Differential scanning calorimeter studies:

Onset = 17559 °C X2=18081°C
Peak = 176 85 "2 ™ 197675 mW

X1 = 16888 °C A
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Figure 12: DSC studies of A= Pure drug, B=LM -1, C=LM - 1I.
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Table 7: Stability Studies

Physical stability Drug content (%)
Stability condition | Formulations no. of days no. of days
0 15 [ 30 0 15 30

. . LM -1 99.09 | 99.05 | 99.01
5°Ambient M-I No Change In Appearance 99.77 19973 [ 99 71
LM -1 99.09 | 99.09 | 99.06

° 0
25°C/60%RH M-I No Change In Appearance 99.77 19977 1 9976
LM -1 99.09 | 99.09 | 99.05

° V)
40°C/75%RH VT No Change In Appearance 99.77 1 99.77 1 99.75

4. Discussions

Preparation of LER Microcrystals:

Microcrystals of Lercanidipine HCI were prepared by
solvent change method using hydrophilic binders as
stabilizing agent. The selection of a good solvent depends on
the miscibility with water and the solubility of drug in that
solvent. Different proportion of stabilizing agent: solvent
was selected and microcrystals were prepared at 600rpm
(table no.1). A first requirement for a stabilizing system is
that it provides wetting of the hydrophobic surfaces of the
drug particles. Surfactants used in the preparation of
microcrystals stabilized these particles and avoided its
growth. The solvent change method for preparation of
microcrystals was found to be efficient.

Drug Content, Solubility and Dissolution Studies:

The drug content was found to be good and uniform among
the different formulations of the prepared samples and was
found to be 99.09 to 97.77 % (table no.3, fig no 5). As water
is a universal solvent, apparent solubility studies were
carried out in deionized water. In solubility studies of the
samples, the crystals prepared using poloxamer 407 have
showed highest solubility of the drug in water (130.22 +
0.0012 pg/ml) as compared with the untreated drug (51.89 +
0.002 pg/ml) shown in table no.4 and fig no.6.

The dissolution profiles of the prepared crystals and the
control (raw drug material) are illustrated in table no 6 (fig
no 11). Those samples prepared with surfactants showed the
faster dissolution rate, with approximately more than 50% of
the drug being released within 40 min compared to 23 % for
the control. At the end of 80 min, more than 90 % of the
drug was released from all crystals except for the control.
This effect can be explained by an increased specific surface
area which is hydrophilized due to the adsorbed hydrophilic
polymers. Increase in solubility may be due to optimum
amount of stabilizing agent was used and because of
reduction in size, hydrophilicity of stabilizing agent, better
solubility and wettability of microcrystals.

SEM, PXRD and DSC Studies:

The characteristic peak of the Lercanidipine in the PXRD 26
ranges from 10° to 80°. The relative intensities of prepared
microcrystals were increased to nearly two fold than that of
pure Lercanidipine (fig no 10). This could be attributed to
the markedly different crystal habits of the samples. The X -
ray diffraction pattern of the microcrystals showed that
Lercanidipine peak intensity was much higher than the pure
drug. This could be due to the increase in crystalline nature
of prepared microcrystals. Morphology and appearance of
the drug and microcrystals were examined by Ultra - 55 Carl

Zeiss Field Emission Scanning Electron Microscope. As
seen from the photograph (fig no 9), the crystals were
rectangular and square in appearance. The DSC curve
showed that Lercanidipine HCI appeared an endothermic
peak at about 176.85°C corresponding to its melting (fig no
12). However, the crystals prepared with poloxamer 407
(LM - 1) and PVP K30 (LM - I1) shows shift of endothermic
peak towards lower temperature at 113.23°C and 73.00°C
respectively. Shift of the endothermic peak towards lower
temperature dictates decreased melting point of the drug in
the formed crystals. This decreased melting point accounts
for increased solubility of the drugs.

FT - IR and Stability studies:

The FTIR studies indicated that there is no strong interaction
at molecular level when compared formulations to pure drug
as shown in table no 2 (spectrum shown in fig no 1, 2, and
3). Stability studies were performed as per ICH guidelines.
The results indicated that there was no evident change in the
physical appearance of formulations at the end of the 1
month storage period at 5°C / ambient, 25°C / 60% RH &
40°C / 75% RH conditions. The drug content of LM - | and
LM - 1l at the end of 30 days for 50 ambient was 99.01%
and 99.71% respectively, for 25° C/ 60% RH was 99.06 and
99.76 respectively, for 40° C/ 75% RH was 99.05 and
99.75% respectively (table no 7).

5. Conclusion

Microcrystals of Lercanidipine HCI were prepared by
solvent change technique. From the above discussion it has
been concluded that the prepared Microcrystals of
Lercanidipine HCI exhibited good solubility, dissolution rate
and physicochemical properties in comparison to that of the
pure drug. The FTIR studies indicated that there is no strong
interaction at molecular level. PXRD studies revealed
changes in the crystalline structure of formulated
microcrystals leading to enhanced solubility of the drug
sample. DSC results clearly showed that changes in melting
characteristics of formulated crystals helps in the
solubilization of drugs. Hence microcrystals of the drug can
be filled in capsules or formulated as tablets of
Lercanidipine by direct compression in order to achieve
enhanced solubility and improved bioavailability of the
drug.
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