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ABSTRACT

Background: Manidipine Hydrochloride (MND) is a long-acting dihydropyridine-type calcium antagonist and
antihypertensive drug categorized under the Biopharmaceutics Classification System (BCS) Class Il. Despite its
therapeutic benefits, MND suffers from poor physicochemical and biological properties due to its high lipophilicity and
low aqueous solubility, which pose challenges to formulation and drug delivery. Improving the solubility of such
hydrophobic drugs is crucial for enhancing their bioavailability. While conventional methods for solubility enhancement
exist, drug nanocrystal systems have emerged as a promising approach for addressing solubility issues in poorly soluble
drugs.

Objective: To formulate and evaluate nanocrystals of MND using spray-drying technology to enhance its solubility and
address limitations associated with its hydrophobicity.

Method: MND nanocrystals were prepared using a spray-drying technique, a cost-effective and scalable method that
converts liquid formulations into dry powder through atomization and drying processes. The spray-dried nanocrystals
were characterized by their particle size, morphology, solubility, and dissolution rate. Comparative studies evaluated the
solubility enhancement achieved with the nanocrystals versus raw MND.

Result: The nanocrystals demonstrated a significant reduction in particle size and enhanced surface area, resulting in
improved aqueous solubility and dissolution rates compared to raw MND. Spray-drying facilitated the uniform formation
of nanocrystals, ensuring better dispersion and dissolution performance.

Conclusion: Spray-dried MND nanocrystals proved to be a viable strategy for overcoming solubility and bioavailability
challenges. This approach offers a promising avenue for enhancing the clinical efficacy of poorly soluble drugs like
MND.
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INTRODUCTION
Traditionally, hypertension has been described as
persistently high (BP). The main reason for early mortality

shows poor water solubility. Nanotechnology may be
applied to enhance the solubility of BCS class Il drugs.®

and morbidity worldwide is that blood pressure is 140/90
mm Hg for all reasons. Calcium antagonists have been
utilized extensively since their introduction to treat a
variety ~of cardiovascular  disorders, including
hypertension.!  MND dihydropyridine Ca channel
antagonist is a 3™ generation that is lipophilic and highly
selective for the vasculature, leading to significant
peripheral vasodilation and minimal cardio-depression.
Solubility is the capacity of a chemical molecule, known
as a solute, to dissolve solvent and produce a uniform
mixture of the substance in the vehicle.? It may be
measured in terms of the solute's ability to dissolve in the
solvent. Several methods and techniques are applied to get
better ~ solubility of drugs belonging to the
Biopharmaceutics Classification System 2 category, which

MATERIAL AND METHOD

MND was obtained as a gift sample from Manus Aktteva,
Biopharma LLP, Ahmedabad, Gujarat India.

List of Instruments

HPLC (Agilent 1260 Infinity 1I), Column (Agilent
Technologies), Ultra sonicator (Labman Scientific
Instruments), UV Spectrophotometer (Labman 1900),
Spray Dryer B-90.

Methodology

Physiochemical characterization of MND solubility
enhancement development

MND API powder was kept on a watch glass and observed
for its color against a dark background. Its texture and
color were scrutinized.

Solubility studies
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Figure 1: Study design intervention

Table 1: Solubility studies

Srno.  Solubility mg/Lit
a. Water 0.995
b. Ethanol 15640
C. Methanol 14978
d. Acetone 12637
e. Isopropyl Alcohol 9745
f. Toluene 6783
g. Acetonitrile 11012
h. Tetrahydrofuran 8930
i. 0.1N Hydrochloric acid 215

j. Phosphate Buffer 15

Table 2: Particle size, zeta potential, and polydispersity
index®

Batc l\/_Iean Particle Zeta Potential PDI
h Size V)

(hm) (m
F1 512+137 16.53+17 0.563
F2 450+126 11.36+07 0.341
F3 476187 11.76+17 0.245
F4 7561291 12.49+10 0.637
F5 391+125 28.44+22 0.294
F6 183+56 35.21+13 0.114
F7 623+162 6.45+08 0.422
F8 259497 32.14+15 0.248
F9 689+314 5.23+11 0.345
N=3

Weighed amounts of APl were added to an amount of
solvent or solvent mixture until either saturation was
reached or the target concentration for the drug product
was achieved by using sonication and data was collected
as solubility in gm per liter. Solubility was performed in
different solvents.*

Preparation of nanocrystals of MND

As the instrument has different settings for feed rate
temperature control and drying rate, a lot of data can be
obtained with different temperatures, feed rates, and mist
types. In the current study, the pharmaceutical product was
dissolved using ethanol as a solvent, and the Biichi®
Spray Dryer B-90 was used.

The response surface central composite model was used to
illustrate technical analysis,® and the design expert system
was used to generate variables and critical evaluation

parameters. With the design name L9 (3"2), the central
composite concept offered a nine-run prototype creation
formulation using two categories and three levels.®
Differential scanning calorimetry (DSC)

Samples were analyzed on DSC for their properties on
polymorphism and phase transitions of nanocrystal state.’
Drug and excipient compatibility studies

Drug excipient compatibility studies were performed to
know if there was any degradation of API during the
process of making nano-sized MND powder.
Compatibility studies were performed as the "n+1"
technique. APl was kept with used excipients during
prototype development and API assay was performed and
compared against a control MND sample. As MND comes
in contact with different solvents, the solubility stability
will be performed during the HPLC Method validation
technique.®

Scanning electron microscopy, or SEM

SEM was used to examine the size and form of the
collected particles (SEM; JEOL-6510LA). More than 300
particles were counted from the acquired SEM images to
determine the average size and particle size distribution.®
Diffraction of X-rays in powder

X-rays are electromagnetic radiations with a wavelength
of about 1.54°A or the size of an atom. It is used to
analyze crystalline materials at the atomic level. X-ray
powder scattering (PXRD) measurements were carried out
using an X-ray diffractometer (X: Pert PRO with X-Pert
Data Collector, PAN analytical). Monochromatic CuK-
radiation 1.54°A at 200 mA and 45 kV was used in the
studies, which were carried out at room temperature
throughout a 2-range of 7 to 80° with a continuous
scanning speed of 4°/min. By using a glass slide, the
evaluated samples were tightly crammed into the sample
holder.

Dissolution studies - capsule based

The dissolving test was conducted using the USP Il paddle
method for 12 hours at 75 rpm. 900 having 1.2 pH. The
dissolving medium's temperature was maintained at
37+0.5 °C. The sink condition was maintained after
a specific time interval .*

Animal Study

Four groups of six female Wistar rats [weight tentatively
150-200 g] were selected for the in-vivo study. The
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Figure 2: Predicted vs. actual particle size plot.

Table 3: Dissolution data.

Factor Coding: Actual

Particle Size (nm)

@ Design Points ] .
o Particle Size (nm)

X1 =A

X2 =8B

B: Drug Conc (mg/ml)
1]
.
.

4 a6 5.2 5.8 6.4 7
A: Mesh Size (um)

Figure 3: Contour plot effect on particle size.

Time

(min.) F1 F2 F3 F4 F5 F6 F7 F8 F9

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

15 8.24 8.32 9.07 5.09 12.78 11.08 9.48 10.82 11.64

30 20.10 20.45 19.12 15.83 21.28 25.87 19.61 22.76 17.46

45 31.19 30.12 31.23 25.35 29.09 38.12 27.68 36.17 33.03

60 39.18 41.08 40.73 33.97 43.78 50.12 37.91 43.65 36.18

90 61.04 63.78 67.11 58.09 59.88 76.34 55.97 63.10 57.12

120 79.01 84.12 81.29 67.06 86.33 91.62 75.88 88.17 72.05

Factor Coding: Actual blood pressure (SBP) measurement: For the first nine

it weeks, the tail-cuff method was used to assess the systolic

° erme;i;acf SDisURace blood pressure (SBP) once a week before drug delivery.
il All groups' systolic blood pressure was checked every day

o 5. during therapy, and variations in BP (A) were

ol : | recorded.*314

500 | .
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Figure 4: 3D Model graph of mesh size, drug conc. and
particle size.

standard conditions i.e. (ad libitum) to the animal during
the 12:12 light-to-dark cycle at room temperature.!?

Drug and animal groups

Animals were divided into four groups (n= 6 for each
group) as described below:

Group I: SHAM (normotensive rats)

Group II: DOCA (Deoxycorticosteroneacetate)

Group I1l: DOCA + MND nanoparticles.

Group VI: DOCA + MND nanoparticles (High Dose 3
mg/kg/Day/Oral)

DOCA (Sigma, 20 mg/kg, St. Louis, MO, USA) was
administered subcutaneously twice a week for 14 weeks.
The drinking water for the DOCA and MND groups
contained 0.1% KCI and 1.0% NaCl, resulting in
hypertension. In a regular saline solution, rats were given
both low and high doses of the MND nanoparticle
formulation orally. Ad libitum food and saline injections
were administered to the rats in the SHAM group. Systolic

Data analysis

Figure 1, a statistical analysis was performed using the
paired t-test to compute and illustrate the change in
systolic blood pressure.

RESULTS AND DISCUSSION

Physiochemical characterization of MND

Description

MND powder appeared to be Crystalline and off-white.
The powder was light in weight and light protected.
Solubility studies

Solubility studies of MND were performed in water,
ethanol, methanol, and acetone'®. The below table shows
the results of solubility studies. (Table 1)

It was observed that MND is insoluble in water (<0.01
mg/ml) and basic buffer (phosphate buffer pH adjusted to
7.4 with 0.1 N NaOH). There was an increase of solubility
in an acidic medium (0.1 N HCL) of 0.2 ml/ml (i.e. 200
mg/L). It is highly soluble in ethanol, methanol, Isopropyl
Alcohol, Toluene, Acetonitrile, Tetrahydrofuran, and
acetone. As the title of the research study describes, the
preparation of nanocrystals of MND, after the prototype
development, the formulation was analyzed for its
solubility in water and buffer,>16

Preparation of nanocrystals

The following nine analyses were done on the spray dryer
with defined drug concentration in solvent ethanol. It was
ensured that the powder was completely dissolved in a
solvent before injecting in the spray dryer. The dried
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Figure 5: Particle Size distribution of formulation F5 B. Particle Size distribution of formulation F6.
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Table 4: The measurement of the systolic blood pressure in different groups of rats.

Groups Systolic Blood Pressure (mmHg)
Day 0 4 Weeks 8 Weeks 12 Weeks 14 Weeks

Group I: SHAM (normotensive rats) 107+3.2 108+3.1 117+3.4 106+2.9 108+3.2
Group I1: DOCA* 110+4.6 13345.6 159+4.9 16545.6 178+2.1
Group 1ll: MND [0.3 mg/Kg/Day/Oral) 40,5 5 12942.8 161+4.5 15745.7 15442.6
(Low dose)

Group IV: MND [3 mg/Kg/Day/Orall 15,5, 435043 171447 127433 118+44
(High dose)

*(DOCA-salt-induced hypertensive rats without treatment) p< 0.05, compared with the systolic blood pressure at 8
weeks. (Actual measurements were done once a week in all groups before treatment and after starting the treatment

daily measurements were done.
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Figure 7: XRD of Pure drug MND

powder was collected through a spatula and analyzed for
its particle size using a malvenzetasizer advanced range
with technology.t” From figure no.2 it can be incurred that
the actual measured particle size compared to the
predicted value from the design expert software are very
close. Implying the Quality by Design by Design expert.
Contour plot for effect on particle size

Figure 3. implies that the concentration of the drug and
mesh size play important roles in making a nanocrystal of
any drug. Lowering the mesh size with low drug
concentration gives small-sized nanoparticles.!® Figure 4.

can be concluded from the 3D model graph that the lower
the mesh size and drug cons., the lower the particle size.'®
Physiochemical characterization of spray-dried
powder

Analysis of all prototypes of formulation of MND for its
particle size, zeta potential, and polydispersity index was
done?® and the results are as per Table No.02. Zeta can be
used to forecast a particle’s long-term stability. The
measurement range is between -60 and +60 mV. In the -10
mV to +10 mV range, zeta potential tends to group and
form a cluster. Formulations F5, F6, and F8 have an
excellent zeta potential above 25 mV according to our
findings. This indicates that there is little probability that
they may clump together or agglomerate. Formulations F5,
F6, and F8 have mean particle sizes between 180 and 400
nm. The initial particle size of MND was 2 microns before
any processing. The particle has significantly shrunk from
its original size as a result of the spray dryer process. The
PDI value is 1.0 for a highly polydisperse sample with
many particle size populations, and 0.0 for a sample with a
perfectly uniform particle size distribution. In practice,
values of 0.2 or less are usually considered acceptable for
compositions containing polymer-based nanoparticles.
With a PDI of less than 0.2, Formulation F1 exhibits better
and more consistent compatibility.
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Figure 8: XRD of formulation F1, B. XRD of formulation F2, C. XRD of formulation F6.
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Figure 9: Manidipine HCL DSC graph.

Particle size distribution

Particle size distribution studies were performed to know
the particle size ratio across the sample size.?* Below are
the listed graphs of 3 formulations F5, F6, and F8. (Fig. 5
A-C)

Particle size distribution of formulation F8

The average particle size of each formulation F5 was
391+125, formulation F6 was 183+56, and formulation F8
was 259+97.

Scanning electron microscopy (SEM)

SEM analysis

Using SEM, the shape and size of the collected particles
were examined (SEM; JEOL-6510LA). By counting >
300 particles from the acquired SEM images, the average
size and particle size distribution were computed SEM
analysis was performed for the 3 formulations, and the
images are shown below: (Fig. 6A-C). It can be observed
that the original MND powder was initially crystalline and
after spray-dried processing, the images imply that the
nanoparticles are now This was further confirmed by XRD
studies.?

Powder X-ray diffraction (XRD)

XRD was performed for pure drug material as per the
method specified in the material and method section.?
(Fig. 7) XRD studies were performed to know if the
powder is crystalline or amorphous after processing it for
particle size reduction by Spray drying method using
ethanol as a solvent.?* (Fig. 8. A-C). Two formulations F1
and F2 have shown crystalline peaks proving the
formulation of crystals where F6 did not show any peak,
meaning that this batch is amorphous and may enhance
solubility.

DSC study

Original Manidipine powder was subjected to DSC to
know about the nature of the molecule. The following
observation was recorded from the DSC Graph. The
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Figure 11: Prototype F7 DSC graph

sample quantity taken was 7.5 mg for each sample. From
Figure 9. It can be observed from the DSC graph that there
is no crystalline nature to the powder and shows an
endothermic heat change at 130°C causing the melting of
the powder. The transition temperature was at around
70°C. The integral energy was found to be at -648.96 mJ.

The following data was recorded for the endothermic

peak:

Integral -648.96 mJ
Onset 115°C
Peak Height 19.18 nW
Peak 131°C

Heating rate

10.00°C per min

The pure drug, Prototypes F6, and F7 were analyzed in
Figure 10 and figurell shows their crystalline nature
graph is shown below in:

DSC Studies further summarizes that the spray drying
technique caused the crystalline peak to amorphous or
semi-crystalline in nature. The Integral energy was in the
range of 245.93 mJ to 254.54 mJ for the prototypes.?> 2
Dissolution studies

Dissolution studies were performed on the original drug
and spray-dried nanoparticle MND drug packed in a size
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Figure 13: Systolic blood pressure in different groups of rats.

'0" capsule of about 20 mg each. This was analyzed on a
UV spectrophotometer.?” The results of dissolution studies
are shown below in drug release. (Table 3 and Fig.12)

As compared to all formulations' medication releases. The
maximum release within 120 minutes, or 91.62%, is
achieved by prototype F6. Every formulation exhibited a
release above 65%, suggesting that the drug's size
reduction greatly improved MND's solubility. in contrast
to the original medication, which had a drug release of less
than 1%.

In-vivo study

The systolic blood pressure of the MND nanoparticle
groups (low and high), DOCA (DOCA-salt-induced
hypertension rats without therapy), and SHAM
(normotensive rats) are among the findings of the in-vivo
study?® that are shown in Table No. 4. In a 14-week study

protocol, blood pressure was measured systematically. To
understand the significance intervals of the change in SBP
(A) the measurements were done on days 0, week 4, 8, 12,
and 14 accordingly. From days O to 8 weeks, blood
pressure was measured once a week, showing a
progressive increase in BP. For careful observation, blood
pressure was taken daily from 9 weeks to 14 weeks of the
study. When comparing the changes in the ASBP from 9
weeks and 14 weeks, it is noticed that there has been a
significant decrease in blood pressure i.e., ASBP in the
MND high dose group as compared to the low dose group.
Importantly, at 8 weeks, the group that received MND
treatment (high dose) had a blood pressure reading of
171+4.7 and in the same group at 14 weeks BP followed
down to 118 +4.4 indicating significant changes in SBP by
the high dose MND nanoparticles.
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The nanosizing of MND is responsible?® for this notable
improvement in antihypertensive activity, which was
clearly shown (table No. 3 and Fig No. 13). Thus, it was
established that MND nanoparticles lower blood pressure
the medication amount that reaches the systemic
circulation, or bioavailability, can be directly connected
with the decrease in pressor effect.®

CONCLUSION

According to the current analysis, prototype F6 has a
maximum release of 91.62% within 120 minutes. Every
formulation exhibited a release above 65%, suggesting
that the drug's size reduction greatly improved MND's
solubility. in contrast to the original medication, which
had a drug release of less than 1%. According to animal
tests, the formulation was also successful in lowering
blood pressure.
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