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ABSTRACT

Introduction: The anti-hypertensive drug Olmesartan Medoxomil (OLM), a BCS Il drug, works
by inhibiting the action of angiotensin Il on AT1 receptors. Objectives: The purpose of the study
was to enhance solubility and stability by altering crystalline form, which reduces cost and dose
burden of the pharmaceutical industry. In the current study, OLM formulation was prepared
by using a full 3 level 2 factorial design with chitosan and neusiline as independent factors.
Materials and Methods: Chitosan, a hydrophilic and stabilizing polymer, was used to enhance
solubility and stability with the help of neusiline as a surfactant. Formulation was prepare using
microwave-assisted ball milled technology. Results and Discussion: In comparison to the
pure drug, phase solubility study shows the ternary mixture's saturation solubility was around
12 times higher. Physical interaction between polymer and OLM was confirmed from the FTIR
study, DSC graph, SEM surface morphological study and NMR study. The drug's altered crystalline
form has been confirmed by XRD, which could alter its solubility and rate of dissolution. The
optimized batch obtained from factorial design was used for electrically operated ball milling.
This demonstrated a notable improvement in the solubility, stability, and dissolving rate.
Conclusion: As a result, using chitosan with a microwave assisted ball milling process can be a
novel breakthrough in enhancing the bioavailability of any BSC Il medicines.
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Design.

INTRODUCTION

Olmesartan Medoxomil is a prodrug consisting esterified parent
compound of olmesartan, 5-(2-hydroxypropan-2-yl)-2-propyl-
3-[[4-[2-(2H-tetrazol-5-yl) phenyl] phenyl] methyl] imidazole
-4- carboxylic acid), with a (5-methyl-2-oxo0-1,3-dioxol-4-yl)
methyl (Medoxomil).! It is the modified imidazole ring-based
compound developed by Sankyo chemists.? Medoxomil linkage
gets deesterified rapidly and converted to active moiety by aryl
esterase enzyme found in both intestine and plasma.’

In RAS, Angiotensinogen (synthesized by the liver) is converted
into Angiotensin 1 (AT1) and then (AT2) by ACE or non-ACE
enzymes. OLM antagonizes the action of AT2 on angiotensin
receptor 1 (ATR-1) which is predominantly responsible for
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hypertension and blood vessel contraction.* OLM is present in
crystalline nature and thus belongs to BCS class 2 having very
low solubility in physiological PH. Due to this, its bioavailability
is comparatively low, 4.5% to 28.6%.>” Many researchers work
on bioavailability improvement using different pharmaceutical
approaches like micronization,® Nanonization,*® polymeric
interaction,'® spray drying,'" freeze drying,'” solid dispersion
technologies, " etc.

Microwave-assisted milling Technology is a novel technique to
stabilize the milled product of crystalline solids by top-down
media milling technique.” Crystalline particles may be affected
by microwave radiation due to changes in internal thermal
energy.”” Therefore, it may have an impact on the glassy or
rubbery condition of pharmaceutical crystals, which may result
from the interaction of energy with the intermolecular force of
attraction.'

It was shown that crystalline molecules interact physically with
chitosan, a derived polysaccharide produced naturally from the
outer skeleton of seawater crustaceans, to increase its stability and
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bioavailability. Chemically, chitosan is (1, 4)-2-Amino-2-deoxy-
beta-D-glucan obtained from chitin, n- acetyl glucosamine, by
deacetylation."”

Neusilin  US2, Al,O,-MgO-1,7Si0,xH O, is a neutral-pH,
synthetic, amorphous form of Magnesium Aluminometasilicate
that can be employed in the direct compression and wet
granulation of solid dosage forms. It can modify powder and
dosage form characteristics to improve bioavailability.

Current research focuses on the impact of microwave radiation
with the help of ball milling on crystalline materials' physical,
chemical, and pharmaceutical characteristics of OLM as an active
pharmaceutical ingredient.

MATERIALS AND METHODS

OLM and NS2 were gifted by CTX life sciences limited and
Lupin Research Park, Pune for the present investigation. 93%
deacetylation of CH was purchased from Loba chemical, India.
All the substances/ ingredients and solvents of analytical grade
were used without any further purification.

Phase solubility study

By the procedure outlined by Higuchi and Connors, the phase
solubility tests of OLM were carried out in distilled water. In 10
mL of distilled water, excess OLM was introduced in the presence
and absence of various CH concentrations, either with or without
NS2. A mechanical shaker (Bio Technics India) was used to stir
a solubility tube holding binary and ternary suspension for 48
hr at room temperature. Whatman filter paper no. 41 was used
to filter the suspension equilibrium, and the filtrate was then
examined by UV spectroscopy with the appropriate dilutions.
The calibration curve of the OLM was used to construct the
straight line equation, y = 0.0118x + 0.0084, using the maximum
wavelength of 255 nm.'®

Determination of stoichiometric constant

It was determined using different ratios of the molar
concentrations of OLM and CH. A suspension was created
by combining an increasing OLM molar concentration with a
reducing CH molar concentration. Then, this binary combination
was kept on a mechanical shaker for 48 hr. It was then filtered
using Whatman Filter Paper No. 41 before being examined using
a UV-spectrometer at 255 nm.'*

Experimental work
Preparation of ternary complex

Selection of factors

From preliminary data of the stoichiometric study and phase
solubility study, the percentage of CH and % NS2 were chosen
as two independent variables X1 and X2 with three levels. A 32
level full-factorial design with Design Expert version 12 was
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used to formulate and optimize ternary complexes. As indicated
in Table 1, this results in a total of 9 experimental batches for
evaluation of the dependable responses Y1; saturation solubility,
and Y2; % drug release. These variables were examined to achieve
an optimized batch with the highest response.’*?

Formulation of ternary complexes
Microwave Assisted Grinding Technology (MAGT)

Crystal particles were prepared using a microwave-assisted
grinding technique.

A number of ingredients were weighed and ground for roughly
20 min in a mortar and pestle. This mixture was made into a
thick slurry by adding a sufficient quantity of distilled water. The
slurry was applied to the inside of the beaker and placed inside a
microwave (Panasonic microwave oven, 230V, 50 Hz, 1250W) set
at 800 W power for 3 min. It was taken out, well mixed, and then
subjected to another 3 min of microwave radiation treatment. In
a desiccator, the dried ternary complex was cooled and collected.
The quantity of X1 and X2 was optimized using dependable
variables.”!

This optimized batch was chosen for size reduction using an
electrically powered ball mill (Shreeji Chemicals, Kandivali,
Mumbeai) at 100 rpm for 48 hr. Four types of ball were used with
varying radius for impact and attrition.

Saturation solubility studies

According to the Higuchi and Connors approach, saturation
solubility was investigated in distilled water and a dissolution
media. Excess OLM and prepared particles were added to
solubility tubes containing 10 mL of solvent, and the tubes were
mechanically shaken for 48 hr at room temperature with a speed
of 100 rpm. After reaching equilibrium, the solution was filtered
and, if necessary, diluted. Using UV-spectroscopy at 255 nm, the
saturation solubility of the filtrate was examined.?

Fourier Transformation-Infrared Spectroscopy (FTIR)

Using FTIR (BRUKER - ECO - ATR - ALPHA, Germany)
spectroscopy, functional groupand bond vibrational frequencies of
pure OLM, CH, and NS2 were observed separately. This procedure
was applied for physical mixtures and formulated crystal particles
using various techniques. The samples were placed directly on the
pan and subjected to 24 scans in the 600 to 4000 cm™ spectral
range.”

Percentage drug content studies

Accurately weighed crystal particles, equivalent to the dose,
from all drug formulation batches, were added in solubility tubes
with 10 mL of DMSO. At room temperature and a speed of 100
rpm, this was swirled mechanically for 24 hr. After reaching
equilibrium, it was filtered through Whatman filter paper No. 41
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and subjected to the necessary dilution UV-spectroscopy analysis
utilizing Shimadzu UV-spectroscopy at 256 nm wavelength. The
following formula was used to determine the percentage of drugs
present.

actual drug content in methanol
% drug content = : - X100
theoretical equivalent drug taken

Differential Scanning Calorimetry (DSC)

Pure OLM, CH, NS2, physical mixture and formulated crystal
particles were thermal analyzed using a DSC analyzer (TA
Instruments, SDT Q600 USA). Over the temperature range of
40-260°C, a sample (5 mg) was heated in a nitrogen environment

at a heating rate of 20°C/min.”*

X-ray Powder Diffractometry (XRPD)

The XRPD patterns of all systems were recorded by using an
X-ray diffractometer (BRUKER - D2 PHA-SER, Germany) with
tube anode Cu, over the interval 10-90°/2 hr. The operational
data were as lows: Generator tension (voltage) 30 kV, Generator
current 10 mA. >

Nuclear Magnetic Resonance (NMR)

The interaction between the drug and excipient is revealed by
the peak for protons in NMR spectrum analysis. It was recorded
using a spectral window of about 10,000 Hz at 300 MHz (Bruker,
Germany). TMS was used as an internal standard, and samples
were dissolved in DMSO as a solvent.?*

Dissolution study

The dissolution study was carried out using a type 2 dissolution
apparatus in 900 mL of pH 6.8 phosphate buffer (LABINDIA
Dissolution test apparatus, DS 8000). The temperature was kept
constant at 37 + 0.5°C and 50 rpm, respectively. 5 mL of the
aliquot was withdrawn and replaced with a fresh buffer after a
predetermined period of the time. If necessary, dilute the aliquot
and examine UV-spectroscopy for the proportion of drug release
at an absorbing wavelength of 255 nm.**

Stability study

A stability study was carried out in a stability chamber (REMI
SC 16S) kept at 40°C and 75% relative humidity. It was carried
out over 90 days, with samples taken at the 0, 15, 30, 60, and
90-day marks. Samples were analyzed using UV-spectroscopy
and DMSO as the solvent solution to determine the percentage
drug concentration.”

RESULTS
Phase solubility study

The saturation solubility of OLM in distilled water was found to
be 29.2 ug/mL, which was enhanced in a binary mixture of CH
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and NS2 by about 4.2 and 7.7 times respectively. But as per Figure
1A, enhancement was more than 12 times in a ternary mixture of
OLM with CH and NS2.

In formulations containing CH as compared to those without
CH, saturation solubility was increased by an increase in NS2
concentration. Variable NS2 and CH concentrations, as seen in
Figure 1B and C, also supported this."

Stoichiometric constant determination

It was calculated by plotting a graph of the molar ratio of the drug
to CH (r) versus AA*r in Figure 1D from the data given below in
the Table 2.

FTIR

Chemical interaction between drug and excipients was studied
from data obtained from FTIR shown in Figure 2 (1). This shows
changes in peak values if presence of any interactions.

DSC

DSC studied in the region of 100°C to 240°C. This study confirms
the interaction and any physical change due to the absorption of
heat at the point of melting from Figure 2 (2). All peaks showed
endothermic peaks in the region of 170°C to 190°C with varying

enthalpic areas.

XRD

The maximum peak intensity of OLM in XRD analysis was found
to be at 20 values of 21.56498 and 16.3394 which in Table 3 and
confirms the crystalline nature. Maximum peak intensities of
microwave treated without ball milled and with ball milled as

shown in the Figure 2 (3).

The surface morphological study for OLM and O, batch was
depicted in Figure 3. It showed irregularities in particle surface

in O, due to the interaction of CH in presence of microwave

treatment.

Table 1: Factorial batches.
Batch A: CH (%) B: NS2 (%)
0, 5 5
O, 10 5
O, 15 5
0, 5 10
O, 10 10
O, 15 10
O, 5 15
(OX 10 15
(@) 15 15

©
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Table 2: Stoichiometric constant determination.

OLM (mM) CH (mM) Total Abs r AA AA*r
1 0 1 0.144 1.00 0.03 0.030
0.8 0.2 1 0.18 0.80 0.036 0.029
0.6 0.4 1 0.247 0.60 0.2 0.120
0.4 0.6 1 0.292 0.40 0.245 0.098
0.2 0.8 1 0.234 0.20 0.187 0.037
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Figure 1: A: Phase solubility study of OLM with binary and ternary physical
complex; B: Solubility study of OLM with or without CH; C: Solubility study of
OLM with varying amounts of NS2; D: A graph of the molar ratio of drug to
CH (r) versus AA*r.

NMR

Sharp peaks for chemically and magnetically different protons

L ‘ I,
Al ‘M i d

JvLui lz’ A J '

e 5 a4 3 2

and their splitting due to neighbouring protons as shown in )
Figure 2 (4) for OLM and formulation batch. All peaks were e
present within 18 ppm from a reference point.

42 11 10 8 8 7 1 pem

“@

Figure 2: (1): FTIR peaks of A- OLM; B- CH; C- OLM Form and D- OLM ball
milled; (2): DSC graphs of A: OLM; B: OLM with microwave; C: O, with
microwave; D: O, ball milled; (3): XRD study of A: OLM; B: formulation without
ball milling; C: formulation with ball milling; (4): NMR spectrum peaks of A:
OLM; B: Formulation O,.

Saturation solubility study

The saturation solubility of all formulation batches with OLM is
in the Figure 4 (1) given below.
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Table 3: Theta values of various batches.

Batch 2 Theta value

21.5649 16.3394
OLM 3669 2577
Oph 1816 1745
O 1687 1401

Oph: OLM physical mixture, O,: OLM formulation batch 9.

OLM

Figure 3: SEM image of OLM (A, B and C with magnification to 50 um, 10 um
and 5 um) and O, (D, E and F with magnification to 50 pm, 10 um and 5 pm).
It is one of the variable factors for the optimization of formulation
batches by using design expert software. A quadratic model was
selected from the coeflicient of regression for the optimization
of saturation solubility. The contour and 3D plot were estimated
from software depicted in Figure 4 (2). The model was significant
from the ANOVA study which showed F- value of 51.73 with a
p-value of 0.0041. The predicted R* of 0.8778 was in reasonable
agreement with the adjusted R* of 0.9694; i.e., the difference is less
than 0.2 which indicates better adequate precision. Perturbation
plot shows curve line in Figure 4 (3) with two factors indicates
interaction in saturation solubility of OLM. In this case, A, B, B
are significant model terms having p-value < 0.0500, where A
and B are varying percentages of CH and NS2 respectively. The
final Equation in terms of coded factors for saturated solubility
shows positive and synergistic effect of A, B, AB, A? and B?. This

equation is given as,

Saturation Solubility = 915.04 + 301.63 A +241.45B + 18.3
AB +44.73 A? +142.28 B?

Dissolution study

The percentage cumulative drug release from OLM and batches
was calculated and plotted as shown in the dissolution profile
Figure 5 (1). % CDR for OLM was found to be 22.17%. All
formulated batches were releasing a maximum drug than OLM
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Figure 4: (1): Saturation solubility study of all formulated batches; (2):
Contour and 3D plot between factors and saturation solubility; (3):
Perturbation plot for saturation solubility study.
with batch O9 showed a maximum % CDR as an optimized batch
for comparison with ball milled formulation. Ball milled batch
showed a slightly maximum % CDR but maximum rate of drug

release in the initial time duration Figure 5 (2).

A design expert version 12 tool was used for optimizing the
maximum cumulative drug release of all formulated batches.
Depending upon coefficient of regression, it was suggested a
quadratic model for the effect of variation in % CDR in all batches.
ANOVA was significant showing F- value of 60.05 and a p-value
of 0.0033 (smaller than 0.005000) with a significant factor of A,
B, and A2 The predicted R* of 0.8794 is in reasonable agreement
with the adjusted R* of 0.9736; i.e., the difference is less than 0.2
which gives adequate precision. Figure 5 (3 and 4) shows the
contour and 3D plot of % CDR for two variables. Perturbation
plot shows curve line in Figure 5 (5) with two factors indicates
interaction in % CDR.
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(1) Dissolution profile
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Figure 5: (1): Dissolution profile of all formulated batches with OLM; (2):
Compearision of dissolution profile of OLM, 09’ and ball milled O; (3): Contour
plot between factors and percentage drug release; (4): 3D plot between
factors and percentage drug release; (5): Perturbation plot for saturation
solubility study.

The coded equation for the quadratic model shows positive and
synergistic effect of A, B, AB and B2. Factor A2 shows antagonistic
effect due to negative value of coefficient. This equation is given as

%CDR =+ 772 + 716 A 4+ 3.87 B 4+0.365 AB -5.22 A? +1.74 B2

Mathematical model for drug release mechanism

Mathematical model was applied to OLM, O, and O- BM batches
for study of drug release kinetics. Table 4 showed variation in the
drug release mechanism with variable coeflicients of regression
(R?) value.

Drug Content

Percentage drug content was found in the range of 96.3% to 102%
for all formulated batches without treatment of the ball mill. The
percentage drug content for ball milled batch was found to be
89.5%.

Stability study

The percentage drug content used for evaluation of stability study
for physical mixture without microwave treatment of OLM with
CH and NS2, O,, and O- BM was given in Figure 6 as follows.

DISCUSSION

Phase solubility study

Increased solubility in distilled water suggests that CH and NS2
interact physically and effectively. CH was responsible for the
enhancement of wettability and hydrophilic interaction and NS2
was responsible for the reduction of surface tension for OLM.
In the presence of ternary complexes with various proportions
of CH and NS2, solubility was significantly increased. Increased
amounts of CH and NS2 individually as well as in the ternary
complex resulted in an increase in solubility as shown in
Figure 1A.

Stoichiometric constant determination

As an inorganic surfactant, NS2 has limited use in formulation
batches. From the graphical representation of stoichiometry
(Figure 1D), the peak of the graph was found to be at about 0.6.
Thus, the ratio of OLM to CH was confirmed for 1:0.6.

Table 4: Coefficient of regression value for mathematical model.

Drug release kinetic model

OLM
First Order reaction 0.856
Zero order reaction 0.8271
Korsemeyer Peppas 0.9543
Higuchi 0.9807
Hixson Crowell 0.8461

S$560

RZ
o, 0-BM
0.9586 0.9937
0.9406 0.8945
0.9551 0.9588
0.9939 0.9944
0.9752 0.9738
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Stability study
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Days
Figure 6: Stability study of OLM, O, and ball milled O,.
FTIR

Olmesartan contains ester (-CO-O), aromatic cyano (-C=N-),
and methyl (-C-H) group which showed a sharp stretching peak
at 1831.26 cm™’, 1705.36 cm™ and 2866.83 cm™ respectively from
Figure 1A. Aromatic secondary amine (N-H) present in chemical
structure shows a single peak at 3287.63 cm™. Alkenyl group
(-C=C-) and cyclic alkenes showed a sharp peak at 1603.73 cm™
and 1554.36 cm™ respectively. OLM also consisting an aromatic
ester group which showed a stretching peak at 1226.96 cm™.
Figure 1B showed broad peaks at 3358.90, two sharp peaks at
3296.67, a sharp stretching peak at 2875.66, 2258.66 and 1023.71
cm™ which was identified for the alcoholic (OH) group, primary
amine (NH,), SP, alkyl group (-CH) C-N bond and etheral C-O
respectively. All these peaks are characteristics of hydrophilic CH.
As neusiline is an inorganic surfactant, it showed no stretching or
bending peaks.

In the formulations shown in Figure 2(1), all of the aforementioned
OLM and polymer peaks were visible. The lack of any further
peaks and the presence of all functional group peaks indicate that
the drug and polymer did not interact chemically.”? NS2, used
in formulation, doesn't show any interaction peak indicating
compatibility with OLM.

DSC

OLM 181.2°C,
corresponding to the melting point, with a more endothermic

showed a sharp endothermic peak at
area under the curve. OLM treated with microwave radiations
showed an endothermic peak at 180.6°C with somewhat
broadening. Formulation with microwave treatment and with
ball milling batch showed decreased endothermic peaks at lower
values at 178.8°C and 176.2°C respectively. It was concluded
from Figure 2(2) that microwave treating and ball milling would
be responsible for physical crystallographic changes in OLM.
This might be due to the physical interaction of the hydrophilic
polymer with crystalline drug and conversion into metastable
crystals.”»* NS2 might not involve in physical interaction with
OLM.
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XRD Study

A sharp and most intense peak in the XRD pattern confirms the
crystalline nature of OLM from Figure 2(3). Changes in peak
intensity at 20 to the lower side confirm the interaction and
reduction and/or change in crystalline position in formulations.
Thus, microwave treatment in the presence of hydrophilic
CH affects the crystallinity of the drug by alteration of crystal
structure and position. OLM was not completely converted into
an amorphous phase due to the presence of intense peaks at
particular 20. Thus, OLM changes its crystalline nature to the
enhancement of solubility but remains stable in metastable form.
This might be due to the presence of CH in the formulation. As
NS2 present in amorphous form, it was not affect on crystallinity
significantly.

Attrition and impacts in ball milling would change the stability
of crystal into metastable form. Hence microwave-treated
formulation with ball milling also reduces peak intensity.”*

SEM

From Figure 3, the surface of the drug particle was more regular
and granular in nature which might be due to its crystalline form.
But after treatment of microwave radiation with simple grinding,
it gets converted into a rough and irregular surface indicating a
change in the surface energy of OLM. These changes might be due
to the brittleness of particles formed by the energy of microwave
irradiation between polymer CH and OLM. NS2 reduces surface
tension and surface free energy of particle. So, OLM particles in
formulations appeared separately with reduced size.

NMR

All protons present in the structure of OLM like aromatic ring
proton, SP, and SP, hybridized, proton attached to hetero atoms,
and allylic proton were present in NMR peaks which confirms
the structure of OLM. All these peaks from Figure 2(4) were
present in the O, formulation with a slight downshift in peak
values. It might be due to hydrogen bonding with a hetero atom
or aromatic ring.>*

Saturation Solubility study

Solubility in distilled water and dissolution medium was enhanced
with an increase in the concentration of CH and NS2 (Figure
4(1)). Saturation solubility was maximum in distilled water than
dissolution medium, which might be due to the interference of
the phosphate group in the solubility of OLM. As per the planar
contour graph and the 3D surface graph (Figure 4 (2 and 3)
from the design expert tool highest percentage of CH and NS2
was required for maximum saturation solubility.*? Interaction
between two factors were confirmed from perturbation curve
(Figure 4 (4)).
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Dissolution study

The crystalline form of OLM showed 22.27% cumulative drug
release due to low solubility in the dissolution medium. The
dissolution pattern showed drug release immediately after
contact with a medium which might be due to the low effective
intrinsic solubility of OLM crystals. Microwave irradiation in
presence of CH affects surface morphological interaction and
reduced surface tension using NS2, which is responsible for the
enhancement of the dissolution profile of OLM (Figure 5 (1 and
2)). %CDR was enhanced with a concentration of CH and NS2.
Thus, batch O, showed a maximum %CDR (83.07%) which was
about 3.75 times higher than the OLM drug. This was confirmed
by the planar contour graph and the 3D surface graph (Figure 5 (3
and 4)). Effect of interaction between two factors on dissolution
profile of OLM were confirmed from perturbation curve (Figure

5(5)).

The ball milling technique helps to increase the effective surface
area of the particles. Hence it showed 86.36% CDR with more
drug release in the initial phase.””*

According to Table 4, Higuchi model exhibits the highest R*
value, demonstrating drug release in the dissolving medium
without swelling. However, due to a change in crystal structure
and molecular internal organisation, the release mechanism
in the O, batch was improved. Using the Higuchi model, the
milling approach demonstrated maximum release kinetics after
converting microwave-treated particle into nanocrystals. Initial
some burst release was confirmed from R? value of first order and
zero order model in the ball milled batch.”

Drug content

All formulated batches showed maximum drug content. This
confirms the physical interaction between CH and NS2. There
was the experimental loss of drug in the ball milling method
which was not a significant loss.

Stability study

It was confirmed from Figure 6 that OLM irradiated with
microwave forms a physical interaction with CH and NS2.
A stability study would compare the possible changes due to
interaction with moisture at elevated temperatures with OLM,
which could change the drug content in batches. It was found
from Figure 6 that maximum stability or O-BM with maximum
drug content. Thus enhancement of stability would be possible
due to the interaction of CH with OLM in the formulation.”

CONCLUSION

Due to crystalline form, OLM belongs to BCS II drug having
low solubility and hence a low bioavailability. This may enhance
the dose and economic burden on pharmaceutical industry.
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Solubility and stability are the two key factors in bioavailability
improvement. The OLM molecule would physically interact with
the microwave radiation in the presence of water, resulting in the
enhancement of solubility and stability. Results from the ternary
phase with CH and NS2 were superior to those using alone.
Microwave treatment and high energised ball milling technique
were used to alter the crystalline nature of OLM. All batches were
designed and prepared by using a full 3 level 2 factorial design
for studying effects on dependent variables. The improvement of
wettability, solubility, dissolving rate, and stability is caused by the
interaction of OLM with CH. In order to maximize this effect,
NS2 was used as a surfactant. Results from FTIR, DSC, XRD,
and NMR were used to confirm the compatibility and interaction
studies. The surface morphology of the OLM and formulation
were evident in SEM. An increase in solubility with the rate in
the dissolution medium was observed by dissolution studies,
saturation solubility studies, and drug content studies. Compared
to OLM alone and formulations, solubility and stability were
significantly improved by ball milling for optimized batch. Thus,
one of the most efficient and novel ways to deal with the issue of
BCS 1II drugs is through the use of microwave-assisted milling
technology for enhancement of bioavailability.
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ABBREVIATIONS

OLM: Olmesartan medoxomil; BCS II: Biopharmaceutical
Classification System II; AT 1: Angiotensin 1; AT 2: Angiotensin 2;
FTIR: Fourier Transform Infra-Red; DSC: Differential Scanning
Calorimetry; XRD: X-ray Diffraction; SEM: Scanning electron
Microscopy; NMR: Nuclear Magnetic Resonance; RAS: Rennin
Angiotensin System; ACE: Angiotensin Converting Enzyme;
ATR: Angiotensin receptor; NS2: Neusiline 2; CH: Chitosan; UV:
Ultraviolet; DMSO: Dimethyl Sulphoxide; MAGT: Microwave
assisted grinding technology; ANOVA: Analysis of varience; %
CDR: Percentage Cumulative drug release.
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SUMMARY

Microwave assisted grinding technology is a novel technique
to tackle solubility issues of BCS II drugs. It can modify the
crystalline state to metastable form. Current research work
confirms the physical transformation of olmesartan medoxomil
into highly soluble crystal particles. This can be analysed by
using saturation solubility study, study of FTIR interaction,
endothermic peak in DSC, crystallographic alteration in XRPD,
surface morphology study by SEM, hydrogen bonding by NMR,
dissolution study and stability study. This enhanced dissolution
rate will minimise economical and biopharmaceutical burden of

BCS II drugs.
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