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Aim of the present study was to study the effect of the antisolvent method of
crystallization/precipitation on the rate of dissolution using different antisolvent for
nifedipine. Recrystallization of the drug was done in DMF, DMSO and ethanol using
water as antisolvent. Drug Excipient Compatibility Study was confirmed by FTIR
method. Differential scanning calorimetry (DSC) of pure drug and it’s solvates were
done to confirm the crystalline structure of the and molecular symmetry was assured by
XRD studies. Impact of the size of drug and it’s solvates n dissolution was confirmed
by SEM. Dissolution of pure drug and it’s solvates were performed by using USP II
apparatus and it was observed that DMF solvate has the maximum dissolution amongst
all solvates and pure drug. So, it is concluded that the antisolvent process has the
significant effect on the dissolution of drug. Since all the techniques (DSC, SEM and
XRD) used to assert the effect of the process on the dissolution

INTRODUCTION

permeability are essential factors in determining

Approximately 40% of drugs in the industry fall
into the category of low solubility-high
permeability (Class I1), and low solubility—low
permeability (Class 1V). These classes have
limited bioavailability of drugs due to their low
solubility and dissolution rate (1).

The rate of oral absorption is frequently regulated
by the rate of dissolution in the gastrointestinal
tract for poorly soluble (BCS Il drugs). As a result,
a drug's solubility, dissolving behaviour, and

how bioavailable it is when taken orally. The
development of  water-soluble  molecular
complexes, drug micronization, solid dispersion,
co-precipitation, lyophilization,
microencapsulation, and the incorporation of drug
solutions or liquid drugs into soft gelatin capsules
are some of the significant formulation techniques
used over the years to improve the dissolution
profile and, in turn, the absorption efficiency and
bioavailability of water-insoluble salts and
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polymorphic forms (2). Poorly water-soluble

active Pharmaceutical ingredients (APIs) may

undergo incomplete dissolution in gastrointestinal

fluids and thus be only partially absorbed into the

systemic Circulation As it is reported, 40% of

commercialized APIs and almost 70% of potential

new drugs are poorly water-soluble (3) The main

objective of this work they show the impact of

antisolvent on the dissolution rate of the poorly

water-soluble drug by formulating crystallization.

The main objective of the present study is —

1. By determining the intrinsic dissolution rate
of the drug.

2. By preparing crystals of nifedipine by using
different antisolvent for the drug.

3. By characterizing the prepared crystals and

4. By formulating the appropriate dosage form
of the prepared crystals of nifedipine.

MATERIAL AND METHOD

Anti-solvent  crystallization  for  improving

solubility, dissolution, and bioavailability of drugs
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with poor aqueous solubility. An anti-solvent
crystallization technique is being used to prepare
nanoparticles or microparticles for poorly water-
soluble drugs at the research scale. This method
can change the solid-state properties of
pharmaceutical substances, including modifying
crystal formation and particle size distributions.
Therefore, various operating variables, their effect
on the particle size of poorly water-soluble drugs
in an anti-solvent crystallization, and problems
related to anti-solvent crystallization when a solute
can crystallize into two or more crystalline phases
(a phenomenon known as polymorphism), but
only one of them is wanted for product application,
crystallization  occurs when the solvent
composition changes and favours one particular
crystalline structure. Antisolvent crystallization
has been utilized to crystallize a lot because of
these traits
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Preparation of recrystallization

Identification of compound

Identification of the compound was assured by
UV-spectroscopy and FTIR spectroscopy.

UV spectroscopy analysis of drug

A standard solution (10mg/ml) of pure nifedipine
was prepared by using 0.IN HCI, phosphate
buffer, 7.4. The standard pure drug solution was
scanned on UV spectroscopy (Shimadzu 1601).
The peak with plateau was observed at 340 nm and
used for further study.

FTIR Studies of Nifedipine drug

Fourier transform infrared spectroscopy is one of
the powerful analytical techniques which offer the
possibility of chemical identification. The
technique is based on the simple fact that the
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substance shows selective absorption in the infra -
red region. after the absorption of IR radiation, the
molecules vibrate, giving rise to the absorption
spectrum. FTIR measurement was analyzed on a
perkin-Elmer FTIR spectroscopy. The FTIR
spectrum was obtained in the mid-IR region of
400-4000 cm and recorded using the ATR
(Attenuated reflectance  technique). By
interpreting the infrared absorption spectrum, the
chemical bonds in a molecule. The Preformulation
studies of the drug were performed and the result
of the studies are given below.

Organoleptic evolution

Various sensory parameters such as colour, odour,
taste, and appearance were studied for the drug.
The results are shown below in the table no 8.2.1.
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Name of | Appearance | Colour Odour
drug
Nifedipine | Powder yellowish | odourless

Calibration Curve of nifedipine drug

It was observed that the drug followed Beer’s Law
very well at the concentration range from 1-
10pg/ml.

Solubility

The solubility was performed in different pH for
24 hrs. The results are shown below in table no 8.4.
and the solubility of the drug was found to be
higher in highest at 1.2 pH

Stability in different pH

When the stability of the dug in different pH was
studied then it was observed (Table 8.5) that drug
was stable in pH 1.2 and pH 6.8 but it was found
to be unstable at pH 7.4.

FTIR spectrum in the compatibility studies.
FTIR of individual polymer and drug was
compared with FTIR of drug with different
ingredient’s mixture and absence of any new peak
appeared if any, was considered for studies.
Differential scanning calorimetry (DSC)

DSC of the pure and recrystallized Nifedipine in
different solvents was done by using a differential
scanning colourimeter at a heating rate 10°C/min
over a temperature range of 20-110°C. The sample
was hermetically sealed in an aluminium crucible.
Nitrogen gas was purged at the rate of 40ml/min to
maintain inert atmospheres. The
nifedipine(pure°C)drug the heat was
103.33(j/g)and the temperature was observed in
159.73and 179.94(°C )and highest peak are
10.989(mv) the ethanol heat is
111.508(j/g)temperature (160.06-
180.94)maximum peak is 172.34°C and highest
peak was 9.484(mvv) the DMSO heat 103.33(j/g)
temperature 159and 179.94(°C) maximum peak
172.075(°C) and highest peak 10.989(mvv) DMF
heat 130.943(j/g) temperature162.60and
180.68(°C)maximum peak 171.97(°C)highest
peak 7.153(mwvv)
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are shown .

Scanning electron microscopy (SEM)

The morphology of the final crystal was detected
by SEM and the average particle size of the
crystals in different solvents are shown below in
figure no 8.10.1,8.10.2,8.10.3,8.10.4. were found
to belOum.

X-Ray diffraction

The XRD pattern of pure drug, drug recrystallized
in DMSO, DMF and ethanol are presented below
in figure 8.12 to 8.14. XRD studies were used to
identify the behavior of drug in different solvents.
Prominent peaks in the graph show the packing
arrangement of molecules or symmetry of the
molecules in the particles and it was observed that
pure drug was in amorphous form while
recrystallized drug has more prominent and sharp
peaks in the graph. Amongst all the DMSO has
more crystalline structure than the ethanol and
DMF.

DISSOLUTION STUDY:

When the dissolution of the various recrystallized
drug was studied then the significant effect of the
re-crystallization on the dissolution process was
observed. More than 60-fold increase in the
dissolution behavior of the drug in 0.1 N HCI was
observed when compared with the water and more
than 5-fold increase was observed in the 0.1NHCI.
Well-formed crystals of almost 100 micrometer
and 10 micrometer size were obtained when DSC
data of before and after recrystallization were
studied. When results of dissolution were
correlated with the size of the drug before and after
crystallization then it was found that the average
size of drug before recrystallization was around
100 micro meter which was reduced to the 10
micrometres after the recrystallization and the
smaller size of the recrystallized drug facilitated
the dissolution of the drug. When the dissolution
behaviour of drug was corelated with the XRD
studies of the drug in DMF, DMSO and ethanol
then it was observed that the more asymmetrically
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molecules were arranged in the lattice were
available more in the dissolution fluid. It was
found that molecules were asymmetrically
arranged in DMF when compared to the DMSO
and ethanol. It was observed that the solvates are
high energy structure and show more dissolution
in the as compared to non-solvates. Which was
further confirmed by the dissolution studies in 0.1
N HCI.

CONCLUSION

Dissolution the most important step before
absorption of any drug, especially of BCS Il drug.
Nifedipine which belongs to the BCS I, is a
dihydropyridine calcium channel blocker. It is
chiefly used for the treatment of hypertension and
belongs to a BCS Il. Drug was identified
chemically by UV and FTIR method while
organoleptically by colour and odour and physical
state. Maximum absorbance of the drug was found
at 340 nm. Preformulation studies were conducted
by measuring solubility in solutions (pH 1.2 N
HCI, Phosphate Buffer pH 6.8 and 7.4) and was
found to be 0.167, 0.104 and 0.084 mg/ml
respectively. Drug was found to be stable in pH 1.2
and pH 6.8 while it was found unstable at pH 7.4.
Intrinsic Dissolution rate of the pure drug was
determined by using USP type Il method in
distilled water and 0.1 N HCI. Bulk Density and
Tapped densities were found to be 0.5 g/ml and
0.66g/ml. Carr’s was Index 24.24 while Hausner’s
Ratio was 1.32. which indicates drug has good
flow properties. Recrystallization of the drug was
done in DMF, DMSO and ethanol using water as
antisolvent. Drug Excipient Compatibility Study
was confirmed by FTIR method. Differential
scanning calorimetry (DSC) of pure drug and it’s
solvates were done to confirm the crystalline
structure of the and molecular symmetry was
assured by XRD studies. Impact of the size of drug
and it’s solvates n dissolution was confirmed by
SEM. Dissolution of pure drug and it’s solvates
were performed by using USP Il apparatus and it
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was observed that DMF solvate has the maximum
dissolution amongst all solvates and pure drug. So,
it is concluded that the antisolvent process has the
significant effect on the dissolution of drug. Since
all the techniques (DSC, SEM and XRD) used to
assert the effect of the process on the dissolution.

REFERENCES

1. Afrose, A., White, E.T., Howes, T., George,
G., Rashid, A., Rintoul, L. and Islam, N.,
2018. Preparation of ibuprofen microparticles
by antisolvent precipitation crystallization
technique: characterization, formulation, and
in  vitro performance.  Journal  of
pharmaceutical sciences, 107(12):3060-3069.

2. Antosik-Rogoz, Agata, Stefan Witkowski,
Krzysztof Woyna-Orlewicz, Przemystaw
Talik, Joanna Szafraniec-Szczesny, Beata
Wawrzuta,  and Renata  Jachowicz.
"Application of supercritical carbon dioxide
to enhance the dissolution rate of
bicalutamide."” Acta Poloniae Pharmaceutica.
Drug Research 74, no. 4 (2017).

3. Albetawi, S., Abdalhafez, A., Abu-Zaid, A.,
Matrouk, A. and Alhourani, N., 2021. Recent
solubility and dissolution enhancement
techniques for repaglinide a BCS class Il
drug: a review. Pharmacia, 68(3): 573-583.

4. Bhalani, D.V., Nutan, B., Kumar, A. and
Singh Chandel, A.K., 2022. Bioavailability
Enhancement Techniques for Poorly Aqueous
Soluble Drugs and Therapeutics.
Biomedicines, 10(9):2055.

5. Dhillon, B., Goyal, N.K., Malviya, R. and
Sharma, P.K., 2014. Poorly water-soluble
drugs: Change in solubility for improved
dissolution characteristics a review. Global
Journal of Pharmacology, 8(1): 26-35.

6. Khadkutkar, M.V., Nanocrystalisation by
Anti-Solvent Precipitation Technique for
Solubility and Dissolution Enhancement of
Telmisartan VK Khadkutkar, MS Attar, Dr.
SS Dudhamal Professor. - 2022 Journal of

446 |Page



10.

11.

12.

13.

14.

iy

f?‘f;\,’/ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

&2

Sushmita Bala, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 1, 443-447 | Research

University of Shanghai for Science and
Technology Volume 24(4): 259-282.

Kurup, M. and Raj, R.A., 2016. Antisolvent
crystallization: A novel approach to
bioavailability enhancement. Eur. J. Biomed.
Pharm. Sci, (3):230-234.

Lonare, A.A. and Patel, S.R., 2013.
Antisolvent crystallization of poorly water-
soluble drugs. International Journal of
Chemical Engineering and Applications,
4(5):337.

Martinez-Jiménez, C., Cruz-Angeles, J.,
Videa, M. and Martinez, L.M., 2018. Co-
amorphous  simvastatin-nifedipine  with
enhanced solubility for possible use in
combination therapy of hypertension and
hypercholesterolemia.  Molecules, 23(9):
p.2161.

Nowee, S.M., Abbas, A. and Romagnoli, J.A.,
2008. Antisolvent crystallization: Model-
identification, experimental validation and
dynamic simulation. Chemical Engineering
Science, 63(22):5457-5467.
Parbhane, S. et al, 2020.
enhancement: meaning and
Journal of Pharmaceutical
Medicine, 5(12):11-22.

Park, M.W. and Yeo, S.D., 2012. Antisolvent
crystallization of carbamazepine from organic
solutions. Chemical Engineering Research
and Design, 90(12):2202-2208.

Paulino, A.S. et al., 2013. Dissolution
enhancement of Deflazacort using hollow
crystals prepared Dby the antisolvent
crystallization process. European Journal of
Pharmaceutical Sciences, 49(2): 294-301.
Pokhrel, G. et al., 2022. Formulation, in-vitro
Evaluation, and Dissolution Enhancement of
Griseofulvin by Solid Dispersion Method.
Journal of Pharmacy and Pharmacology, 10,
124-130.

Solubility
techniques.
Sciences and

=7~

15.

16.

17.

18.

19.

20.

21.

22.

Pouretedal, H.R., 2014. Preparation and
characterization of azithromycin nanodrug
using solvent/antisolvent method.
International Nano Letters, 4(1):p.103.
Shirke, S.H. et al., 2015. Enhancement of
dissolution rate of indomethacin by kollicoat
IR-based solid dispersions. Der Pharm. Lett,
(7)64-73.

Vippagunta, S.R., Maul, K.A., Tallavajhala,
S. and Grant, DJ., 2002. Solid-state
characterization  of  nifedipine  solid
dispersions.  International  Journal  of

Pharmaceutics, 236(1-2):111-123.

Watson, O.L., Jonuzaj, S., McGinty, J.,
Sefcik, J., Galindo, A., Jackson, G. and
Adjiman, C.S., 2021. Computer-aided design
of solvent blends for hybrid cooling and
antisolvent  crystallization  of  active
pharmaceutical ingredients. Organic Process
Research & Development, 25(5):1123-1142.
https://www.ncbi.nlm.nih.gov/books/NBK52
4888/

Lackman L, Liberman H. The Theory and
practice of industrial pharmacy. CBC
Publication & Distributors Pvt Ltd .1970
reprinted 2013,2015,2016,2017:4:449-450.
Lackman L, Liberman H. The Theory and
practice of industrial pharmacy. CBC
Publication & Distributors Pvt Ltd .1970
reprinted 2013,2015,2016,2017:4:467-472.

Lackman L, Liberman H. The Theory and
practice of industrial pharmacy. CBC
Publication &  Distributors Pvt Ltd

.1970reprinted 2013,2015,2016,2017:4:242-
246

HOW TO CITE: Sushmita Bala, Mukesh L. Shah,
Impact Of Antisolvent Crystallization On Rate Of
Dissolution Of Nifedipine, Int. J. of Pharm. Sci., 2024,
Vol 2, Issue 1, 443-447.
https://doi.org/10.5281/zenodo.10537527

447 |Page



