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Abstract:
The bitter taste is one of the most important drug formulation problems. The unpleasant taste
leads to noncompliance, which consequently decreases the therapeutic efficacy of the drug.
Therefore, masking of bitter taste is very important in drug formulation. In this study an
antihypertensive drug, valsartan, which is a weak acid with bitter taste, was used as a model
drug to mask its taste with dowex2 (weak base anion exchange resin). The taste masking of a
drug using ion exchange resin basically depends on the complex formation between the drug
and a specific type of resin. Complex formation under various preparation conditions
including; the ratio of drug to resin, mixing time, the pH of the processing medium and the
concentration of valsartan was investigated in this study. Optimum conditions for complex
formation and maximum drug load were obtained at a drug-resin ratio 1:8, mixing time 4
hours, pH 6.8, temperature 50° C and drug concentration 0.02% w/v. The drug resin ate
complex was evaluated for the drug content, taste, drug release and molecular properties. The
resinate formation was confirmed using different analytical techniques like thermal analysis
using differential scanning calorimetry (DSC), spectroscopic method like Fourier transform
infrared spectroscopy (FTIR) and by X-ray powder diffraction analysis (XRPD).
Key words: valsartan, dowex2, ion exchange resin, valsartan-dowex2 complex
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Introduction:

Several taste masking methods are using of ion exchange resins [1]. lon-
available such as chemical modification exchange resins are widely utilized in the
(like a prodrug), coating the particle formulation of bitter drugs for oral use like
surface, physical masking by additives and taste masking of clarithromycin and
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levetiracetam [2, 3]. These agents adsorb
on drug surface and hide the bitter taste.
An ion exchange resin is formed from
small diameter beads (1 to 2 mm) which is
unsolvable matrix. It has various colors,
such as white and yellowish, made-up
from an organic polymer substrate
structure. The structure of these substances
is very complicated, consisting of porous
surfaces, from which the ions are confined
or released. The catching of ions occurs
with the immediate discharge of other ions.
This method is termed ion exchange. The
following characteristic properties govern
in the selection of ion-exchange resins; the
chemical nature of functional part of the
resin, resin swelling property,
biocompatibility and biodegradability of
resin [4-7]. Since resins comprise about 60
percent or higher of drug form complex
with resin, it is essential to assess the
degree of resins toxicity. Commercial resin
products cannot be used directly. A careful
purification of ion exchange resin is
necessary. Resin is not absorbed via body
tissue and nontoxic for human intake. The
test for toxicological tolerance revealed
that it does not have any physiological
effect and is non-toxic [8]. Valsartan is an
antihypertensive medication belong to the
angiotensin receptor blockers (ARB) [9,
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10]. Therefore, it is consumed in the
controlling of hypertension, heart failure
and to decrease the cardiac mortality in
patient have left ventricular dysfunction
after myocardial infarction [11]. The aim
of this study is to mask the bitter taste of

valsartan via complexation with ion-
exchange resin (dowex2), investigate
different factors (drug: resin ratio,

temperature, pH, mixing time and drug
concentration) that could affect the
complex formation, confirmation of the
resinate formation by different techniques
(like differential scanning calorimetry,
Fourier transform infrared spectroscopy
and X-ray powder diffraction analysis( and
evaluation the release of valsartan from
drug-resin complex at different pH media.

Materials and Methods:

Materials:

Valsartan was purchased from Provizer
pharma, India. Weak base anion-exchange
resin (dowx2) was purchased from ion
exchange resin company, Ltd (India). All
other chemicals were of analytical reagent
grade and used as received. The chemical
structures of valsartan and dowex2 are
shown below:
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Chemical structure of valsartan 12

2.2 Construction of Valsartan
Calibration Curve

The calibration curves of valsartan in
different buffer solutions of pH (0.7, 1.2, 2,
4.6, 5, 6.8, 8 and 9) were constructed using
serial diluted solutions of the drug in each
buffer. They analyzed at the previously
determined Amax Of drug using UV-visible
spectrophotometer, and the recorded
absorbance for each sample was plotted

Chemical structure of dowex2

12

versus the concentration in order to obtain
specific valsartan calibration curve.

2.3 Preparation of Drug-Resin Complex
(DRC)

2.3.1 Purification of lon Exchange Resin
Purification of (dowex2) was
accomplished through rinsing the resin
with distilled water followed by activation
the resin with 0.1 N HCI, about 300 ml of
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0.1 N HCI was added then the activated
resin rinsed with sufficient quantity of
distilled water followed by drying step
which was accomplished at 50° C in an
oven of automatically controlled hot air
temperature. The resultant dry resin was
kept away from the contact of atmospheric
air by packing inside tightly closed glass
vial 131,

2.3.2 Formation of Valsartan-Dowex2
Complex

Valsartan was mixed with dowex2 in the
ratio (1:1, 1:2, 1:3, 1:4, 1.5, 1:6, 1.7 and
1:8). Deionised distilled water (about 200
ml) was used to disperse the mixtures with
continuous stirring for 4 hours with
magnetic stirrer to allow a complete
complex formation between the drug and
resin. The drug-resin complex (DRC)
obtained was subjected to filtration then
was washed with sufficient quantity of
distilled water. The prepared resinate was
allowed to dry in a hot air oven . The
best or selected ratio (according to loading
percent) was further investigated using
different mixing time, pH, temperature and
concentration.

2.3.3 Valsartan Content and Loading
Percent

Drug loading in the prepared ion exchange
resin complex was determined by
analyzing the supernatant for the free drug
by measuring uv absorbance of drug at 250
nm, then the amount of valsartan loaded
into complexes was determined from the
difference between the initial and free
amount of valsartan in the supernatant %I,

2.4 Conditions Affecting Complexation
2.4.1 Effect of Mixing Time

For optimization of mixing time the
stirring of the drug: resin mixture at 1:8
ratio was carried out for 0.25, 0.5, 1, 1.5, 2,
2.5, 3, 3.5 and 4h on a magnetic stirrer to
allow maximum possible loading. The
sample was then evaluated for drug
loading after each time interval [*4],

2.4.2 Effect of pH on Drug Loading

13
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A mixture of valsartan and dowex2 at 1:8
weight ratio was stirred in different buffer
solutions of pH values (0.7, 1.2, 2, 4.6, 5,
6.8, 8 and 9) using a magnetic stirrer 2 251,
2.4.3 Effect of Temperature on Drug
Loading

Mixtures of valsartan and dowex2 at 1:8
weight ratios were stirred in deionised
distilled  water at three elevated
temperatures (30° C, 40° C and 50° C) by a
magnetic stirrer 251,

2.4.4 Effect of Drug Concentration on
Drug Loading

Different valsartan concentrations (0.002
% wiv, 0.004 % w/v, 0.008 % w/v and
0.02 % w/v) and dowex2 at 1:8 weight
ratios were stirred in deionised distilled
water by a magnetic stirrer [*31,

2.5 Studies on Drug-Resin Complex
2.5.1 In-Vitro Dissolution Studies

» Drug Release at Salivary pH (6.8)

To determine the amount of valsartan that
might be released in the mouth during the
administration of the drug: resin complex
formulation; in-vitro release study was first
performed at the salivary pH (6.8). Any
amount of drug that might be released in
the mouth results in the sensation of the
bitterness taste of the drug by the patient.
Drug resin complex equivalent to (40 mg)
of valsartan was placed in beaker and 25
ml of a representing salivary solution (pH
6.8 phosphate buffer) was added, and then
magnetically stirred for about one minute,
then filtered. The filtrate was analyzed
spectrophotometrically at 250 nm [2],

» Dissolution studies in Buffer Solution
pH 1.2 (stomach media)
United States Pharmacopoeia dissolution
apparatus (type Il) was used to study the
release of valsartan from DRC at pH 1.2
dissolution media. Accurately weighted
amount of DRC equivalent to 40 mg of
valsartan was added to 900 ml (pH 1.2
dissolution media) that maintained at
37+0.5° C Bl Dissolution medium was
rotated at 50 rpm and the release of drug
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was tested for 2 hours. At different time
interval of 2, 5, 10, 15, 20, 30, 45, 60, 75,
90 and 120 minutes, five milliliters of
aliquots were periodically withdrawn and
analyzed for the amount of drug released
spectrophotometrically at 250 nm. Five
milliliters of fresh dissolution medium
were added after each withdrawal to keep a
sink condition. The test was carried out in
triplicate [> 13171,

» Dissolution Studies in Buffer Solution

pH 6.8 (Intestinal Media)
After completing the dissolution studying
in stomach media, the DRC was filtrated
and transferred to the intestinal media (900
mL of buffer solution pH 6.8) maintained
at 37£0.5 °C, using the same type Il USP
dissolution apparatus. Drug release was
performed at 50 rpm for 2 hours. Five
milliliters samples were periodically
withdrawn at different time interval of 2, 5,
10, 15, 20, 30, 45, 60, 75, 90 and 120
minutes. The samples were analyzed for
the amount of drug released at various time
intervals spectrophotometrically at 250
nm. Five milliliters of fresh dissolution
medium was added after each withdrawal
to keep a sink condition. The test was
carried out in triplicate . The same
dissolution media (pH 1.2 and 6.8) were
used to test the release of pure drug for
comparison.

2.5.2 Differential Scanning Calorimetry

(DSC)
DSC is one of the thermal analysis
techniques usually used for

characterization the thermal behavior of
drug substance in pure state and in
pharmaceutical mixture and to determine
its molecular state. In this study, the
thermal behavior of untreated drug, and the
effect of drug-complex preparation on the
molecular state of the drug was assessed

14
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by DSC analyses. About 5 mg of sample
was placed in crimped aluminum pans and
scanned from 20° to 200°C at 10°C/ min
under a nitrogen atmosphere, purge at 50
ml/ min B,
2.5.3 Fourier
(FTIR)

FTIR spectroscopy was used to investigate
molecular interaction between the drug
(valsartan) and the resin (dowex2) that
could be occur during physical mixing and/
or by complexation. Samples of (untreated
valsartan, resin, physically treated drug
with resin and complexed drug-resin) were
mixed with sufficient quantity of KBr and
compressed into a disk then analyzed using
a FTIR spectrometer (Shimadzu 8300,
E?pan). Scanning range was 4000-400 cm*
3

Transform Infrared

254 X-Ray Powdered Diffraction
(XRPD)

XRPD is a technique used to obtain
information about the structure of
crystalline materials Bl In this study,
valsartan, dowex2, valsartan-dowex2
complex, and a physical mixture were
analyzed by an automated X-ray
diffractometer with monochromatic Cu ka
radiation, voltage 40 kV, current 30 mA at
a scan speed of 5 deg/min.

3. Results and discussion

3.1 Construction of Valsartan
Calibration Curves

Calibration curves of valsartan in D.W and
different buffer solutions of pH (0.7, 1.2, 2,
46,5, 6.8, 8 and 9) at Amax 250 nm are
shown in Figure (1). Straight lines with
high regression coefficient were gotten
when the value of absorbance plotted
versus the concentration, indicating that
the calibration curves obey Beer's law
within the concentration range used.
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Figure-1: calibration curves of valsartan at (a)D.W,(b)pH 0.7, (c) pH 1.2,(d) pH
2,(e) pH 4.6,(f) pH 5,(g) pH 6.8,(h) pH 8 and (i) pH 9.
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3.2 Preparation of Drug-Resin Complex
(DRC)

3.2.1 Purification of lon Exchange Resin
Dowex2 was washed with distilled water
to remove any impurities may be found.
Dowex2, which is a weak base anion
exchange resin, to react it must first be
ionised. Protonisation of amine group of
resin could be achieved by reacting with a
strong acid (like HCI), by which the amine
group transformed into a quaternary
ammoniumUél,

R-CH2-N(CH3)+ H*Cl" — R-CHo-

NH*(CH3).+CI
3.2.2 Formation of Valsartan-Dowex?2
Complex
Valsartan: dowex2 complexation was

optimized for various drug: resin ratios. In
each case, 40 mg of valsartan was stirred
with varying amount of resin in deionised
water using magnetic stirrer at 400 rpm[,
A plot of mean for three determinations for
percentage drug loaded at different resin
ratios was plotted in figure (2 a). The best
ratio of complexation was 1:8 giving 98.28
% of drug loading at temperature 50° C,
pH 6.8, mixing time 4 hours and drug
concentration 0.02 % wi/v.

3.3 Conditions Affecting Complexation
3.3.1 Effect of Mixing Time on the Drug
Resin Complexation

Figure (2 b) shows that the maximum drug
has been complexed in 4 hours due to the
optimum ions exchange completed in this
period. This result is in agreement with
those obtained for taste masking of
clarithromycin using complexation with

ion exchange resin 2,

3.3.2 Effect of pH on the Drug Loading

The effect of pH on drug loading is shown
in Figure (2 c). At acidic pH valsartan is
available as unionized free acid which
results in decreased drug loading. When
the pH increases above 4, an increase in
drug loading is observed. This is attributed

16
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to the liberation of hydrogen ions by the
valsartan carboxyl group and protonation
of the resin. As a result, a complex form
through an ionic bond between protonated
resin and carboxylic group of valsartan.
The maximum loading efficacy (about
94.06 %) was observed at pH 6.8 as both
the drug and resin are ionized adequately.
On the other hand, loading efficiency
decreased as the pH of the media
increased, due to the presence of unionized
resin at alkaline pH [*3 151,

3.3.3 Effect of Temperature on the Drug
Loading

Figure (2 d) shows that the temperature
affected the complexation process. Highest
drug loading on resin occurred at
temperature 50° C. Increase in the
temperature during complexation process,
could increases kinetic and ionization of
drug and resin. It was suggested that high
temperature may also increase swelling of
resin, and also lead to an increase in the
diffusion rate of ions by diminishing the
thickness of exhaustive exchange zone.
This result is in agreement with the result
founded by Puttewar T who studied
formulation and evaluation of or
dispersible tablet of taste masked
doxylamine succinate using ion exchange
resin 151,

3.3.4 Effect of Drug Concentration on
Drug Loading

Drug concentration per milliliters of
loading solution was found to affect the
loading time and had no significant effect
on extent of uptake. Highest drug loading
obtained at highest drug concentration, as
shown in Figure (2 €), probably due to
efficient competition for binding site with
other ions in solution. Thus, higher drug
concentration used to reduce the time
required for complexation [15]. Highest
drug loading obtained at (0.02 % wi/v).
Therefore, the concentrated drug-resin
solution showed the best result.
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3.3.5 Optimized Conditions

The optimum conditions for the preparation of
valsartan-dowex2 complex were obtained with
drug: resin ratio (1:8), time (4 h.), pH (6.8),
temperature (50° C) and drug concentration
(0.02 % wi/v).

3.4 Studies on Drug-Resin Complex
3.4.1 In-Vitro Dissolution Rate Studies
» Drug Release at Salivary pH (6.8)

The results showed that there is no release
of valsartan from valsartan-dowex?2
complex powder in an average salivary pH
of 6.8 within 60 seconds. The DRC is
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stable in salivary pH for a period of
administration where the contact time of
drug with taste buds will be very short.
This retardation of drug release is very
significant. Therefore, the retardation of
dissolution rate of valsartan from the
complex is responsible for reduction of the
bitterness of the drug. As the DRC passes
through the mouth to further parts of the
gastrointestinal tract, the complex will start
to exchange the drug with ions and thus
permit the drug to be released [2 15171,

> Dissolution studies in Buffer Solutions
pH 1.2 and 6.8

The percentage of valsartan released

Date of acceptance:11-1-2018

minutes at intestinal pH 6.8 (as shown in
figure 3). Release of drug from the
complex could be a result of hydration of
valsartan- dowex2 complex by water
absorption then swelling of hydrated
complex by dissolution process, and then
exchange process of the drug with ions.
The ion exchange process controls
valsartan release from DRC 15 171 The
percentage of valsartan (as a pure drug)
released within 120 minutes at gastric
media (pH 1.2) was 10.103 %, and the
remaining amount was released within 120
minutes at intestinal pH 6.8. The results
display a significant difference (P<0.05) in
the percent of valsartan released and

within 120 minutes at gastric media (pH indicating that DRC gave fastest
1.2) was 49.202 %, and the remaining dissolution process.
amount of valsartan was released within 30
120 -
I
2 :
9 100
$ |
& 80 1
S |
S i
S 60 I
N pH 1.2 I pH6.8
I 40 |
S 1
§ I
Q 20 :
1
0 1
0 20 40 60 100 120 140 160

Time (minutes)

Figure -3: Cumulative Percent of the Drug Release from D: R Complex Powder
inpH 1.2 and 6.8

3.4.2 Differential Scanning Calorimetry
(DSC) Characterization of Sample

The thermogram of pure valsartan
exhibited a sharp endothermic peak at
105.18 °C (see Figure 4 a). The dowex2
showed broad endothermic peak at 84.69°
C (see Figure 4 b) and physical mixture of
valsartan-dowex2 exhibited two peaks
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related to drug and resin (see Figure 4 c).
The valsartan-dowex2 complex exhibited a
broad endothermic peak related to the resin
at 74.56°C and absence of drug
endothermic peak, indicating that the drug
is uniformly dispersed and in amorphous
state (see Figure 4 d).
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Figure-4: DSC thermograms of the (a) pure valsartan, (b) dowex2, (c) physical mixture
and (d) valsartan-dowex2 chemical complex.

3.4.3 Fourier Transform Infrared
Spectral (FTIR) Study

The FTIR spectra of the pure valsartan is
shown in Figure (5 a), the spectra
displayed peaks at 3452 and 2963cm
which are related to stretching vibration of
NH and aliphatic C-H groups respectively.
The characteristic peak at 1730 cm®
representing the carboxylic acid C=0
stretching, whereas the sharp peak at 1602
cm? resulted from bending vibration of
N=N bond. The peaks 1468 and 1409 cm™
were due to the N=N stretching in tetrazole
ring (CNs). The peak at 1204 cm? is
attributed to stretching vibration of C-O
bond. The characteristic peak at 1730 cm™
representing the carboxylic acid C=0
stretching, whereas the sharp peak at 1602
cm? resulted from bending vibration of
N=N bond. The peaks 1468 and 1409 cm
were due to the N=N stretching in tetrazole
ring (CNs). The peak at 1204 cm? is
attributed to stretching vibration of C-O
bond. The characteristic peak at 759 cm™
is related to aromatic C-H bending out
plane [1%-221,

The FTIR spectra of the dowex2, as
presented in Figure (5 b) showed a peak at
3433 cm?® as a result of stretching

20

vibration of aliphatic C-H, while the peak
at 2940 cm? is related to aromatic C-H
stretching vibration. The peak at 1636 cm™
representing the aromatic C=C stretching,
whereas the peak at 1507 cm? is related to
stretching vibration of C-N bond.

The FTIR spectra of the physical mixture
(valsaetan-dowex?2) showed all
characteristic peaks related to the drug and
resin (see Figure 5 c). This indicated that
light mixing for short periods of time is not
enough to cause an interaction between
valsartan and dowex2.

The FTIR spectra of the valsaetan-dowex2
complex (as illustrated in Figure 5 d)
showed a peak at1636 cm? related to
amide C=0O stretching vibration and
disappearance a peak at 1730 cm™ related
to carboxylic C=0 stretching of the pure
valsartan. This indicated formation of
valsartan-dowex2 complex by the ionic
bond formation between the carboxylic
group of valsartan and amide group of
dowex2. The other peaks of the FTIR
spectra of the valsaetan-dowex2 complex
were similar to the spectra of pure
valsartan and the resin.
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Figure-5: FTIR spectra of the the (a) pure valsartan, (b) dowex2, (c) physical
mixture and (d) valsartan-dowex2 chemical complex.

3.4.4 X-ray Powder Diffraction (XRPD) 3, 13.5, 20, 22, 43.5, 64.5 and 77.5 degree,
Characterization of Samples which are indicative of its crystalline
The X-ray powder diffractogram pattern of character (as displayed in Figure 6 a). The
valsartan showed several diffraction peaks diffractograms pattern of dowex2 and
for example at diffraction angles (2theta) physical mixture of valsartan-dowex2 are

22
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shown in the figures 6 b and 6 c,
respectively. On the other hand, the
diffraction pattern of the valsartan-dowex?2
complex showed a marked decrease in the
intensity of the diffraction peaks at

Date of acceptance:11-1-2018

diffraction angles 3, 13.5, 22 and 43.5
degree, which could be attributed to
partially conversion of the drug to the
amorphous form during complexation with

the resin (see figure 6 d).
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Figure-6: X-ray diffractograms of (a) pure valsartan, (b) dowex2, (c) physical mixture
and (d) valsaetan-dowex2 chemical complex.

Conclusion

Based on results of this study, it can be
conclude that dowex2, an anionic
exchange resin, could be used for masking
the bitter taste of valsartan. The optimum
conditions for the preparation of valsartan-
dowex2 complex are drug-resin ratio (1:8),
time (4h), pH (6.8), temperature (50° C)
and drug concentration (0.02 % wi/v)
which provided best contact between drug
and resin. Also, the release of valsartan
from drug-resin complex is highly
increased in stomach and intestinal media.

Recommendation

It is recommended to use valsartan-
dowex2 complex for the preparation of or
dispersible tablets (ODTSs) of valsartan and
comparing the taste and release profile of
conventional marketed valsartan Diovan®
with the prepared ODTs.
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