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ABSTRACT

In this study, the significant effect of malonic acid on enhancement of solubility of lercanidipine hydrochloride by
simple solvent change process has been demonstrated. Malonic acid and lercanidipine hydrochloride were
simultaneously crystallised using water as anti-solvent. The pure drug and different concentrations of malonic acid
were characterized in terms of solubility, percentage yield, melting point, crystallinity, thermal behaviour,
compatibility studies and surface morphology. The optimised cocrystal formulation exhibited enhancement in

aqueous solubility.
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INTRODUCTION:

Solubility is an intrinsic material property
describing solubilisation phenomena [1]. For any drug to be
absorbed into systemic circulation, it has to be present in
solution form at the site of absorption. In many cases,
solubility of drug is not sufficient enough for it to solubilise
completely in the fluids at the site of absorption. For such
drugs, solubility is the limiting factor to drug absorption
and when administered as solid dosage form, dissolution is
the rate limiting step to drug absorption. Thus solubility
enhancement of such drugs also improves the
bioavailability [2].

There are several ways by which drug solubility or
the dissolution rate can be enhanced. Cocrystallisation is
one such technique. There are several methods to prepare
cocrystals. These are: solution method, grinding method,
supercritical fluid technology, ultrasound assisted solution
crystallisation and cocrystallisation by solvent change
approach [3].

In solvent change approach, APl is dissolved in an
organic volatile solvent in which API has maximum
solubility and an aqueous solution of cocrystal
former/stabilizer is prepared. The two solutions are mixed
under stirring conditions and are allowed to dry either in
stirring or undisturbed condition. Cocrystals produced by
solvent change/anti-solvent/solvent precipitation method
are of narrow size distribution and of high polymorphic
purity. Solvent change approach is advantageous against
traditional techniques like jet milling, milling in a pearl or
ball mill or high pressure homogenisation since later
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techniques frequently produces agglomerates due to high
energetic surfaces creating materials with poor wettability
properties [4, 5, 6, 7].

Physicochemical properties of cocrystals are a
combination of individual properties of both drug and
cocrystal former. For most of the properties of cocrystals,
when quantified, has a value that lies between conformer
and pure drug. The previous statement is supported by the
data of melting point analysis of cocrystals which usually, is
found to be in between pure drug and cocrystal former.
From stability point, Cocrystals are stable with respect to
moisture under normal processing and storage conditions.
Thermal stress and chemical stability are relatively less
studied areas about crystal properties. Pharmaceutical
cocrystallisation has emerged as a novel technique to
improve the solubility of poorly water soluble drugs.
Solubility of cocrystal product is usually more than that of
pure drug but less than that of conformer. However, this is
not always the case since there has been evidence of
reduced solubility of cocrystal product in comparison to
API. If solubility of cocrystal product is increased in
comparison to API, intrinsic dissolution is also improved for
cocrystals in comparison to pure drug and vice versa.
Bioavailability is greatly improved for cocrystals in
comparison to pure drug [6, 8].

Practical yield, drug content, crystal size and
solubility study are preliminary studies that are required to
be performed for a cocrystal product. Practical yield gives
an idea whether the process can be applied for commercial
production or not. Percentage drug content gives the value
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of drug recovered in final product form while solubility
study confirms whether process was successful or not.
Crystal size at preliminary level may be evaluated by optical
microscope using stage micrometer and eye-piece
micrometer. Cocrystals are also evaluated for in vitro
dissolution studies, stability studies and bioavailability
studies [9, 10, 11, 12].

IR is a very common spectroscopic technique in
determining the chemical conformation of compounds.
DSC is the preferred technique for obtaining
comprehensive melting point data and additional thermal
data, such as the enthalpy of melting, can also be obtained
simultaneously. SEM is a type of electron
microscope that images a sample by scanning it with a
high-energy beam of electrons in a raster scan pattern. The
electrons interact with the atoms that make up the sample
producing signals which provide information about the
sample’s surface topography. It is applied to determine the
cocrystal micrograph and particle size [13].

Single X-ray diffraction (SXRD) is a basic
characterisation technique for determination of the solid-
state structure of cocrystals at an atomic level. However,
the problem is that a single pharmaceutical cocrystal which
is qualified for SXRD testing cannot always be produced.
Therefore, powder X-ray diffraction (PXRD) are utilised
more frequently to verify the formation of cocrystals [14,
15].

Lercanidipine is a calcium channel blocker of
dihydropyridine class acting as antihypertensive drug.
Lercanidipine exhibits very slight solubility in water. Hence,
it was selected for solubility enhancement by
crystallization.

MATERIALS AND METHOD:

MATERIALS:

Lercanidipine hydrochloride and chitosan were
obtained as a gift sample from torrent research center,
Ahmedabad, Gujarat. Malonic acid, caffeine, nicotinamide,
saccharin sodium, HPMC (5 cps), citric acid monohydrate,
PEG 4000, urea, p- amino benzoic acid (PABA), methanol
and ethanol were purchased from Central drug house, New
delhi, India. All the chemicals used were of analytical grade.

METHODS:

PREPARATION OF COCRYSTALS:

A solution of Lercanidipine hydrochloride in
ethanol and a solution of cocrystal former in distilled water
was prepared. The two solutions were mixed, stirred for 5
minutes to ensure uniform mixing and was left for drying
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under undisturbed conditions. Based on results of pilot
study, optimisation study was performed.

EVALUATIONS:

PERCENTAGE YIELD:

Percentage yield was calculated for all the batches
that were selected for optimisation study. Percentage yield
for optimised batch (the one with maximum solubility) was
repeated for another 5 trials and average vyield for 6
batches was calculated.

DETERMINATION OF MELTING POINT:

Melting point was determined using Thiele’s tube
filled with liquid paraffin. Melting point was determined for
all the batches with positive result.

SOLUBILITY ANALYSIS:

The solubility of the prepared product was
analysed by agitation method. Saturated solution of
prepared product was prepared in water and stirred for 24
hours. The solution was then centrifuged for 15 min over
10,000 rpm and filtered through whatmann filter paper
(#44). The concentration of lercanidipine was determined
using UV-visible spectrophotometer (UV-1800, Shimadzu
corporation) against water as blank.

COMPATIBILITY STUDIES (IR SPECTROSCOPY):

IR spectroscopy was performed to check the
compatibility of drug with coformer. IR spectroscopy was
conducted using a Shimadzu IR 8300 Spectrophotometer.
The procedure consisted of dispersing a sample in KBr and
compressing into discs by applying a pressure of 5t for 5
min in a hydraulic press. The pellet was placed in the light
path and the spectrum was recorded.

SCANNING ELECTRON MICROSCOPY (SEM):

The surface characteristics of optimised batch of
cocrystals were studied by SEM (JSM-5610, Tokyo, Japan).
The samples were mounted on double sided adhesive tape
and coated with platinum sputter coater and then
analysed. The accelerating voltage was 15kV.

POWDER X-RAY DIFFRACTION (P-XRD):

The powder X-ray diffractogram (D/max-r A, Rigaku
Denki, Japan) was scanned with the diffraction angle
increasing from 5° to 50°, 26 angle, with a steep angle of
0.04° and a count time of 1 second.

DIFFERENTIAL SCANNING CALORIMETRY:
The samples were sealed in the aluminum crimp
cell and heated at the speed of 10°C/min from 0 to 500°C in
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nitrogen atmosphere (60 ml/min). The peak transition
onset temperature of drug, phospholipid, drug—
phospholipid complex and physical mixture of drug and
phospholipid were determined and compared with the
help of a Mettler DSC 30 S (Mettler Toledo, UK).

RESULTS AND DISCUSSION:
The percentage yield of cocrystals of lercanidipine

malonic acid and saccharin sodium as conformer. Melting
point data was further confirmed by DSC analysis.

No new peaks were observed in the IR spectra of physical
mixture and cocrystals. These observations suggest that
some weak physical interactions between drug and
coformer take place during the formation of phytosomes.
The XRD data of prepared cocrystals exhibited an increase
in number and intensity of peaks compared to pure

ranged from 33.33% to 68.96%. Results are mentioned in lercanidipine indicating crystallinity  or partial
table 4 and table 5. Solubility analysis of pilot batches amorphization.
revealed maximum solubility in cocrystals prepared using
Table 1: Table indicating formulation for solvent change approach (Pilot study)
Batch code Solution A Solution B Polymer aqueous tri Ratio
Drug Ethanol Coformer Solvent concent- sodium citrate of solution A :
ration solution (5 ml) solution B
B101 50 mg 1mil Chitosan GLA (1% v/v) | 0.1%w/v - 1:4
B102 100 mg 1ml Caffeine DW 0.1 %w/v - 1:4
B103 50 mg 1ml Malonic acid DW 0.1 %w/v - 1:4
B104 50 mg 1ml Nicotinamide DW 0.1 %w/v - 1:4
B105 50 mg 1ml Saccharin DW 0.1 %w/v - 1:4
sodium
B106 50 mg 1ml Chitosan GLA (1% v/v) 0.1 %w/v 0.2 %w/v 1:4
B107 50 mg 1mi HPMC (5 cps) DW 0.05 %w/v - 1:4
B108 50 mg 1ml PEG 6000 DW 0.1 %w/v - 1:4
B109 50 mg 1ml Citric acid DW 0.1 %w/v - 1:4
monohydrate
B110 50 mg 1ml PEG 4000 DW 0.1 %w/v - 1:4
B111 50 mg 1ml Urea DW 0.1 %w/v - 1:4
B112 50 mg 1ml Chitosan GLA (1% v/v) 0.1 %w/v 2 %w/v
B113 50 mg 1ml PABA DW 0.1 %w/v - 1:4
Table 2: Table indicating formulation for solvent change approach (optimisation study)
Batch code Solution A Solution B Polymer Ratio (solution
Drug Solvent (Ethanol) Conformer Solvent concentration A:solution B)
F1 1:4
F2 50 mg 1ml Saccharin sodium | Distilled water 0.1 %w/v 1:3
F3 1:2
F4 1:1
F5 1:4
F6 50 mg 1ml Saccharin sodium | Distilled water 0.05 %w/v 1:3
F7 1:2
F8 1:1
F9 1:4
F10 50 mg 1 ml Malonic acid Distilled water 0.1 %w/v 1:3
F11 1:2
F12 1:1
F13 1:4
F14 50 mg 1 ml Malonic acid Distilled water 0.05 %w/v 1:3
F15 1:2
F16 1:1
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Table 3: Observation table for solvent change approach (Pilot study)

Batch code | Observation Result Conclusion

B101 Huge variation in crystal size and shape. Positive

B102 Huge variation in crystal size and shape. Positive

B103 Highest degree of uniformity in crystal size and shape. | Positive

B104 Huge variation in crystal size and shape. Positive

B105 Highest degree of uniformity in crystal size and shape. | Positive This method was successfully
B106 Huge variation in crystal size and shape. Positive employed for the preparation of
B107 Huge variation in crystal size and shape. Positive cocrystals  of  Lercanidipine
B108 Huge variation in crystal size and shape. Positive hydrochloride

B109 Huge variation in crystal size and shape. Positive

B110 Huge variation in crystal size and shape. Positive

B111 Huge variation in crystal size and shape. Positive

B112 Huge variation in crystal size and shape. Positive

B113 Huge variation in crystal size and shape. Positive

Table 4: Percentage yield (optimisation study)

Batch code | Weight of reactants (mg) | Weight of product (mg) | Percentage yield
F1 54 31 57.41%
F2 53 24 45.28%
F3 52 23 44.23%
F4 51 17 33.33%
F5 52 31 59.62%
F6 51.5 23 44.66%
F7 51 22 43.14%
F8 50.5 24 47.52%
F9 58 37 63.79%
F10 53 30 56.60%
F11 52 26 50.00%
F12 51 21 41.18%
F13 52 19 36.54%
F14 51.5 20 38.83%
F15 51 23 45.098%
Fl16 50.5 20 39.60%
Table 5: Percentage yield (optimised batch)
Batch code | Weight of reactants (mg) | Weight of product (mg) | Percentage yield
F9 58 37 63.79%
0s101 58 40 68.96%
05102 58 36 62.07%
0Ss103 58 39 67.24%
05104 58 40 68.96%
0S105 58 37 63.79%
Average 394.81/6 65.803%
Table 6: Melting point data (pilot study batches)
Batch code | Melting point (C) Batch code Melting point (C)
B101 110.0 B108 104.0
B102 94.2 B109 104.2
B103 130.0 B110 88.6
B104 116.0 B111 128.2
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B105 154.4 B112 92.0
B106 92.4 B113 94.0
B107 136.2 - -

Table 7: Melting point data (optimised batch)

Batch code | Melting point (C) | Batch code | Melting point (C)
F1 154.2 F9 131.8
F2 154.0 F10 132.2
F3 154.0 F11 132.2
F4 154.2 F12 132.0
F5 154.2 F13 132.0
F6 154.2 F14 132.0
F7 153.8 F15 132.2
F8 154.0 F16 132.0

Table 8: Solubility analysis (pilot study)

Batch code | Concentration (mg/ml) | Batch code | Concentration (mg/ml)
B101 0.4286 B108 0.2698
B102 0.3333 B109 0.2063
B103 0.1429 B110 0.3016
B104 0.1905 B111 0.3174
B105 0.4286 B112 0.4127
B106 0.3968 B113 0.2222
B107 0.1587 - -
Table 9: Solubility analysis (optimisation study)
Batch code | Concentration (mg/ml) | Batch code | Concentration (mg/ml)
F1 0.4286 F9 0.1429
F2 0.3016 F10 0.9365
F3 0.2381 F11 0.6190
F4 0.111 F12 0.4920
F5 0.1746 F13 0.5714
F6 0.0952 F14 0.4286
F7 0.0317 F15 0.3175
F8 0.0159 F16 0.2381
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Figure 1: IR spectra of pure drug
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Figure 4: IR spectra of product
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Figure 6: Scanning electron microscope of cocrystals of lercanidipine

Coures

=g
&I
200 —
“ T T T T
10 0 30 40
Posson FZThews](Copoer (ICW )
Figure 7: X-ray diffraction of drug
C m—tx.
[FE
-
- -
™ -
u 1 | 1 |
" k. J - "
P [T (g K1
1 S % &

© 2012 JBPR. All Rights Reserved,

Sosion PaThesaliCopoer (CW)

Figure 8: X-ray diffraction of product
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Figure 11: DSC of cocrystals
CONCLUSION: ACKNOWLEDGEMENTS:

The present study demonstrated a simple and
successful method to prepare cocrystals of lercanidipine
for solubility enhancement. No processing variables that
could potentially affect the outcome were detected. If this
process can be scaled up to manufacturing level, this
technique has the potential to develop into invaluable
technology in future.
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