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Development of chitosan microparticles for
controlled release of metoprolol tartarate

Metoprolol tartaratin kontrollu salimi i¢in kitozan
mikropartikullerinin gelistirilmesi
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SUMMARY

Hypertension, defined as high blood pressure, is a common medical condition leading to cardiovascular disability and
premature deaths. Blood pressure control in an efficient way are assumed to the main targets to prevent hypertension.
Since conventional dosage forms (e.g. immediate release tablets, capsules, etc.) show some limitation, greater attention
is being paid on designing the modified drug release systems. Modified release is defined as drug releasing from dosage
form some time after the administration or in prolonged period of time. In this study, we aimed to design metoprolol
tartarate loaded chitosan microparticles to obtained modified drug release. Chitosan microparticles produced via ionic
gelation with tripolyphosphate as a crosslinking agent. Prepared formulations were characterized and metoprolol
tartarate was loaded into the optimal blank microspheres. The entrapment efficiency, drug loading, cell viability assay
and in vitro drug release were investigated. Optimum formulation was spherical and had 81% of yield and
75.37347.384um particle size. 16 mg of metoprolol tartarate could be loaded into microparticles and drug release could
be maintained for 48 hours.
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INTRODUCTION

Hypertension, defined as high blood pressure, is a
common  medical condition leading to
cardiovascular disability and premature deaths *2.
It is because the higher pressure, the harder is to
contract the heart ®. To controlling the blood
pressure, there are five major pharmacological
classes of antihypertensive drugs; beta blockers,
diuretics, angiotensin-converting enzyme
inhibitors, angiotensin Il receptor antagonists, and
calcium channel blockers *. Beta-blockers have
been used as one of the first-line therapies for
hypertension since the late 1960s. Small
reductions in blood pressure can significantly
reduce associated morbidity and mortality risks so
that the rationale for treating hypertension gain
great interest. Blood pressure control in an
efficient way or reducing the dosages of drugs are
assumed to the main targets >°.

Conventional dosage forms (e.g. immediate
release tablets, capsules, etc.) show some
limitation such as i. poor patient compliance due
to the necessity of frequently administration that
leads to increased chances of missing the dose of
a drug and non-specific biodistribution, ii. the
unavoidable fluctuation of drug concentration in
blood, in particular, for the multiple-dose regimen
that may cause under or over medication, means
that poor oral bioavailability, iii. impracticability
to attain steady-state condition with a typical

MATERIAL AND METHODS
Materials

Chitosan from shrimp shells (75% deacetylated, at
around 200cP viscosity), tripolyphosphate and
metoprolol tartarate were purchased from Sigma
Aldrich, Germany. Glacial acetic acid was
obtained from Fischer Scientific.

Methods
Preparation of Blank Chitosan Microparticles

lonotropic gelation method was carried out as
previously described by Mothilal et al. except that
chitosan was crosslinked with glutaraldehyde *.
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peak-valley plasma concentration versus time
profile. Greater attention is being paid on
designing the modified drug release systems to
overcome these disadvantages "®. Modified
release is defined as drug releasing from dosage
form some time after the administration or in
prolonged period of time while immediate release
is defined as drug releasing from dosage form
immediately after administration °. Since the early
1980s, numbers of pharmaceutical products using
novel drug delivery systems are increasingly
prescribed day by day for the treatment of
systemic hypertension by physicians .

In this study, we aimed to design metoprolol
tartarate loaded chitosan microparticles to
obtained modified drug release. Chitosan
microparticles produced via ionic gelation with
tripolyphosphate as a crosslinking agent. On the
prepared formulations, the percentage of yield,
particle size and morphology, swelling behavior
were evaluated as formulation properties. After
metoprolol tartarate (MT) was loaded into the
optimal blank microspheres that was selected
according to  findings of  formulation
characterization, the entrapment efficiency, drug
loading and cell viability assay were also
investigated. On the other hand, we filled MT
loaded microparticles into the capsules. In vitro
drug release for MT loaded microparticles in
capsules was performed besides these
abovementioned experiments.

Weigh amount chitosan (without the need to
milling) was dissolved in 1% (v/v) aqueous
glacial acetic acid, then it was left under stirring at
1000 rpm at room temperature for 24 hours.
Chitosan solution was added dropwise using a 21-
gauge syringe to the tripolyphosphate (TPP)
solution in water with continues stirring at 500
rpm. Stirring was continued for 5min after the
complete addition of chitosan solution to TPP. We
prepared twenty-seven different formulations to
observe the variation of formulation properties
depends on the polymer:crosslinking agent ratio
given in Table 1. The obtained microparticles was
filtered using filter paper, before they were dried
at 40°C for 24 h ™,



Table 1. The composition of blank microparticles

Form. | The Percentage
Code | of Chitosan The Percentage of TPP
F1 I R T T T R e
F2 T loos| - | - | - | - -1
i - - |o0125] - - S I B
i - - - |025] - - e
i ! N R
o i i - - - |050| - | - | -
i ) ) - - - - Joa] -] -
i e - | - | - |02] -
F9 N : - - - - ——53
F10 0025| - - - _ - —
F11 - [005] - - _ - T
F12 - - |0125] - 3 B S e
F13 - - - [025] - - A N
F14 15 - - - - 10375 - - - .
F15 - - - - - 050 - - -
F16 - - - - - - 101 - -
F17 - - - - - T
F18 . - - - - R
F19 0025| - - - - - —
F20 B I3 O B B
F21 - - |oa25] - - B I B
F22 - - - |025] - - N
F23 2 - - - - 10375 - A
F24 - - - - - 050 | - - -
= ] ) ) - - - o1l - | -
F26 - - - - - - - 102 -
F27 - - - - - R E—
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Particle Size and Morphology

Samples of the microparticles were analyzed for
particle size and morphology by optical
microscopy method using Noval N-120 with a
calibrated micrometer for randomly selected
samples of all the formulations ™.

Swelling Behaviour

The swelling degree of microspheres (SW) was
determined by introducing weight amount of
chitosan microspheres in a glass vial containing
20 mL of 0.1 N HCI pH 1.2 (to simulate gastric
fluid) or phosphate buffer saline (PBS) pH 6.8 (to
simulate  intestinal  fluid). The  swelled
microspheres were removed from the solution at
predetermined intervals (1, 2, 4 and 24 hours
later), dried on a filter paper and weighed. The
swelling degree was computed by the following
equation:
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SW=Wt-W0wo

W, defines the mass of the swelled microspheres
(weighted at different time intervals) while W,
defines the initial mass of dried microspheres *.

Preparation of Metoprolol Tartarate Loaded
Chitosan Microparticles

Drug loaded microspheres were obtained with the
same method, after MT dissolved in chitosan
solution or tripolyphosphate solution. As
microparticles obtained by loaded MT into the
tripolyphosphate solution were not spherical or
separated with each other (data not shown), MT
was added into the chitosan solution. All other
steps were the same as previously explained. MT
loaded formulations were given in Table 2.

Table 2. The composition of drug loaded microparticles

MC1 | MC2 | MC3 | MC4 | MC5
Solution | Chitosan (%) 15 15 15 15 15
A Metoprolol tartarate (mg) | 50 75 100 | 100* | 200
Solution | TPP (%)
5 0.375| 0.375 | 0.375 | 0.375 | 0.375

*: The MC4 coded formulation was incubated for 3 days.

Determination of drug loading and
encapsulation efficiency

Drug loading and encapsulation efficiency of
prepared MT loaded chitosan microparticles was
determined by indirect method. Briefly,
microparticles suspensions were filtered with
filter paper and the supernatants were measured
for free metoprolol tartarate by using UV
spectrophotometer (UV-Pharmaspec6100,
MAPADA Instruments) at 274 nm.
Quantifications were done by using the calibration
curve, and drug loading and encapsulation
efficiency were calculated according to following
formula ™ *:

Drug Loading %-=total amount of MT-free
MTmicroparticles weight x 100

Entrapment Efficiency %=total amount of MT-
free MTtotal amount of MT x 100

Cell culture conditions and reagents

The mouse fibroblast cell line L929 was acquired
from American Type Culture Collection
(Manassas, VA, USA) and was cultured in
Dulbecco's modified Eagle's medium (DMEM)
(Gibco Thermo Fisher Scientific) supplemented
with 10% (v/v) heat-inactivated FBS and 1%
penicillin/streptomycin (Gibco Thermo Fisher
Scientific). The cells were cultured in a 25 cm?
cell culture flask and incubated at 37 °C in a 5%
CO; humidified atmosphere of until they reached
approximately an 80-90% confluence.

Cell viability assay

Cell viability was assessed using the XTT (2,3-
bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide) colorimetric assay



(Roche Diagnostic, Germany) against the L929
cells. Dried MT loaded chitosan microparticles
were weighted, dispersed in 1mL water and
crashed using a homogenizer. MT were dissolved
and microparticles were diluted in DMEM prior to
treatment. The L929 cells were seeded in 96-well
plates at a density of 1 x 10* cells per well in 100
pL. DMEM and the cells were treated with both
MT alone and chitosan microparticles at various
concentrations and incubated for 24 h. At the end
of the incubation period, for determination of
living cells, 50 uL XTT labeling mixture were
added to each well and then the plates were
incubated at 37°C for another 4 h. After mixing,
the absorbance of XTT-formazan was measured
using a microplate (ELISA) reader at 450 nm
against the control. All experiments were
performed in three independent experiments and
the cell viability was expressed in % related to
control (100% of viability).

Statistical Analyses

Statistical analysis was carried out using IBM
SPSS Statistic 25 version. All data are expressed
as mean = SEM. Groups were compared
statistically using general linear models of
analysis of variance (ANOVA) followed by
Tukey test and t-test when appropriate. Also,
Kruskal-Wallis and Mann-Whitney U tests have
been used when the parametric test assumptions
have been violated. P<0.05 was considered
statistically significant.
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Evaluation of Drug Release Studies on Capsules

In vitro release studies were performed using the
USP Apparatus 2 (Paddle Apparatus). 500 mL of
0.1 N HCI at 37°C as medium were placed in
vessels and stirred at 50 rpm for 2 hours. After 2
hours, 400 mL of 0.27 M Na,HPO, were added to
vessels to obtain pH 6.8 in order to simulate
intestinal medium. At predetermined times (5, 10,
15, 30, minutes and 1, 2, 4, 6, 24 and 48 hours), 2
mL samples were withdrawn from the release
medium and replaced with equal volume of fresh
dissolution medium. Samples were assayed for
drug released by measuring the absorbance at 228
nm and 274 nm for ASA and MT, respectively.

RESULTS

Characterization of Blank Chitosan
Microparticles

The formation of chitosan microparticles through
ionotropic gelation with cross-linking agents
(TPP) were maintained. Increasing amount of
chitosan (1%, 1.5% and 2%) was used in
formulations. TPP was diversified from 0.025 to
0.3 % for each chitosan amount. The percentage
of yield was calculated after dried microparticles
were weighted and proportioned to total amount
of added powder into the formulations. Besides
the percentage of yield, particle sizes were also
shown in Table 3.
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Table 3. The results of characterization studies

Form. Code | Dried weight (g) | Yield % | Particle Size+SD (um)

F1 * * *

F2 * * *

F3 * * *

F4 0.224 74.1 106.319+14.591
F5 0.244 69.0 87.523+14.580
F6 0.226 56.5 55.107+7.830
F7 0.268 44.6 52.085+6.464
F8 0.306 30.6 53.85+5.273
F9 0.362 25.8 68.839+10.088
F10 * * *

F11 * * *

F12 * * *

F13 0.307 76.5 103.747+14.088
F14 0.368 814 75.373+7.384
F15 0.386 76.8 74.946+8.764
F16 0.422 59.8 67.455+7.545
F17 0.456 413 82.873+£5.976
F18 0471 313 85.386+5.030
F19 * * *

F20 * * *

F21 * * *

F22 0.376 73.7 99,036+21,992
F23 0.490 88.9 95,908+15,902
F24 0.407 67.8 71,076+7,186
F25 0.456 56.9 63,622+4,568
F26 0.575 47.8 66,442+6,444
F27 0.664 415 65,989+3,142

*: not obtained microparticles

It was shown that the yield of microparticles
decreased with increasing the amount of TPP.
Increasing of TPP amount, particle sizes showed
reduction up to at 0.1 % of TPP and increment

afterwards. Other than particle size measurement,
morphological structure of microparticles were
evaluated. The morphological images of
formulations were also shown in Figure 3.
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F1 F2 F3
* * *
F10 F11 F12
* * *
F19 F20 F21
* * *

Figure 1. The morphological images (*: not obtained microparticles)

All microparticles can be considered spherical but
some of them was unruffled and smooth. The
swelling behaviors of microspheres were
investigated in both 0.1 N HCI pH 1.2 and
phosphate buffer saline pH 6.8 to predict their

behavior in stomach and small intestine. While
initial weight referred to amount of dried
microparticles, wet microparticles were also
weighed at 1, 2, 4 and 24 hours later.all the results
were given in Table 4.



Table 4. Swelling behavior in 0.1 N HCI pH 1.2 and PBS pH 6.8
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Form. Medium | Initial weight 1 hour 2 hour 4 hour 24 hour Increase in

Code (*)) Q) Q) Q) ) weight
F4 HCI 0,100 2,610 3,311 3,495 3,876 37,719
PBS 0,053 0,097 0,085 0,107 0,095 0,796

F5 HCI 0,100 1,047 1,428 1,772 2,032 19,241
PBS 0,056 0,107 0,103 0,106 0,119 1,138

F6 HCI 0,101 0,583 0,705 0,950 1,344 12,322
PBS 0,052 0,092 0,095 0,093 0,105 1,041

F7 HCI 0,100 0,274 0,422 0,625 0,991 8,906
PBS 0,052 0,093 0,092 0,09 0,102 0,946

F8 HCI 0,100 0,229 0,393 0,629 1,099 9,950
PBS 0,054 0,087 0,090 0,092 0,100 0,850

F9 HCI 0,100 0,297 0,719 1,904 3,479 33,654
PBS 0,051 0,080 0,082 0,085 0,101 0,980

F13 HCI 0,101 1,995 2,564 2,891 2,884 217,670
PBS 0,055 0,124 0,137 0,143 0,157 1,853

F14 HCI 0,102 1,164 2,026 3,015 3,485 33,098
PBS 0,053 0,091 0,095 0,105 0,130 1,448

F15 HCI 0,101 0,582 0,799 1,009 1,309 11,999
PBS 0,055 0,092 0,093 0,099 0,115 1,098

F16 HCI 0,101 0,318 0,462 0,634 0,925 8,131
PBS 0,054 0,068 0,080 0,088 0,114 1,090

F17 HCI 0,103 0,363 0,599 1,079 1,896 17,376
PBS 0,051 0,070 0,076 0,082 0,122 1,395

F18 HCI 0,103 0,337 0,462 0,857 1,992 18,279
PBS 0,051 0,081 0,088 0,089 0,093 0,827

F22 HCI 0,101 1,498 2,081 2,596 3,236 31,103
PBS 0,054 0,110 0,118 0,128 0,152 1,806

F23 HCI 0,101 2,147 2,971 3,644 4,248 41,271
PBS 0,053 0,117 0,123 0,134 0,167 2,118

F24 HCI 0,101 0,502 0,702 0,845 1,069 9,574
PBS 0,054 0,102 0,103 0,108 0,126 1,339

F25 HCI 0,101 0,299 0,797 0,656 0,883 7,787
PBS 0,052 0,090 0,091 0,095 0,110 1,088

F26 HCI 0,101 0,242 0,395 0,634 1,003 8,974
PBS 0,056 0,091 0,092 0,097 0,113 1,004

F27 HCI 0,101 0,225 0,326 0,428 0,695 5,881
PBS 0,052 0,087 0,087 0,087 0,098 0,885

All formulations highly swelled up to 41,271 % in
acidic medium while they remained below 2% in
basic medium. We also captured images of F14

coded formulation at 0.1 N HCI pH 1.2 and
phosphate buffer saline pH 6.8. The images were

shown in Figure 3.




342

Medium Initial 15 min. 30 min.

1 hour

2 hours 4 hours 24 hours

0.1N
HCl
pH 1.2

PBS
pH 6.8

Figure 2. Swelling behavior of F14 coded formulation in gastric and small intestinal medium

Characterization of MT Loaded Chitosan
Microparticles

After optimal formulation was determined in
terms of the percentage of yield, particle size,
morphology and swelling behavior, five more

formulations were studied to load metoprolol
tartarate into microparticles. The effect of drug
amount and incubation strength on entrapment
efficiency were also investigated.

Table 5. Characterization of metoprolol tartarate loaded microparticles

Properties MC1 | MC2 | MC3 | MC4 | MC5
Dried weight 037 | 040 | 042 | 037 | 0.44
Yield (%) 745 | 751 | 751 | 663 | 67.3
Entrapment Efficiency (%) | 1.85 | 4.25 | 16.60 | 14.65 | 48.10
Drug Loading (%) 0.19 | 060 | 3.07 | 2.66 | 14.76
It was clear that the more drug used in tartarate were evaluated on L929 cell line with the

formulations, the more entrapment efficiency
obtained. MC1 and MC2 notably fell behind the
others in terms of entrapment efficiency. MC3 and
MC4 had close amount of MT, although MC4 was
incubated for 3 days.

The in vitro cytotoxicity of MC3 coded
formulation and the equal amount of metoprolol
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XTT assay and the results are given in Figure 4.
According to the experimental results, none of
these compounds exhibited any cytotoxicity on
the L929 cell line at the four different
concentrations. The concentration of MT on CH-
MP 100% was equal to the concentration of drug
release studies and MT in Figure 4.

0 I I I I I I

CH-MP 200% CH-MP 100%

CH-MP 50% CH-MP 25%
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Figure 3. Cytotoxicity assay for MT loaded microparticles (MP)

Evaluation of Drug Release Studies on Capsules

Produced microparticles included 16.6 mg
metoprolol tartarate were filled in capsules.
Dissolution test was fulfilled according to USP

Apparatus II, mentioned in Methods, “Evaluation
of Drug Release Studies on Capsules”. The
percentage of drugs versus time was drawn in a
graph, seen in Figure 5.

MC3
100 -
D1 m -
w 80 —
@ 70
% 60
‘.',::g 50
g gg Vava
10
o &
0 10 20 30 40 50 60
Time (hour)
Figure 4. Drug release % of metoprolol tartarate
DISCUSSION and effectiveness '°. The particle sizes ranged
from 52 um to 106 um and the yield was able to
Chitosan, a natural linear be augmented up to 88 %. The swelling degree in
biopolyaminosaccharide, has good formulations reached to 41 %, following 37 % and

biocompatibility, nontoxicity, biodegradability,
good mucoadhesivity and absorption-enhancing
effects. Whereas it has one primary amino group
and two free hydroxyl groups, it carries a positive
charge and reacts with many negatively charged
structures such as the cell membrane, mucus
lining and also anionic polymers *’. On the other
hand, tripolyphosphate, a polyanion, can interact
with the cationic chitosan by electrostatic forces.
Considering the complexation between oppositely
charged species, chitosan undergoes ionic gelation
and precipitates to form spherical particles 6. We
investigated the optimum ratio between chitosan
and tripolyphosphate. Low amount of TPP
prevented micro-sized particles independently of
chitosan amount. As seen in Table 3, the yield of
microparticles decreased when the TPP amount
increased in each chitosan amount. It can be
linked to the formation of nano-sized particles
instead of microparticles. Increased TPP reacted
more chitosan leading to smaller microparticles.
Particle size is one of the indicators of product
quality and performance. It influences several
parameters from appearance to dissolution rate

33% in acidic medium. However, it remained
restricted below 2 %in basic medium. It was
clearly implied that MT was easily released in
acidic medium under the influence of swelling
release mechanism, hence dose dumping of MT in
stomach could show up before the drug reached to
absorption site. It is out of favour in controlled
release systems. On the other hand, minimum
swelling behavior mechanism in basic medium
was obtained and it indicated the possibility of
controlled release in small intestine where the
drugs mainly absorbed. Taking into account all of
these experiments, the F14 coded formulation was
selected as optimum formulation. It had 1.5:0.375
chitosan:TPP ratio with 81% of vyield and
75.373+7.384um particle size. To determine the
amount of MT, the quantitation method using
spectrophotometer was developed. The maximum
absorbance was obtained at 274 nm for MT.
These results were parallel to previous
determination studies performed by the same
equipment . The method was validated for MT
in 0.1N HCI pH 1.2 and PBS pH 6.8 in terms of
linearity, selectivity, recovery, precision and



accuracy. Entrapment efficiency and drug loading
studies underlined that the more drug used in
formulations, the more entrapment efficiency
obtained. MC5 tended to aggregate and it was
found non-suitable for further studies. Since MC3
and MC4 found similar for entrapment efficiency
and drug loading, incubation step was
disregarded. Cytotoxicity tests emphasized that
chitosan microparticles were non-toxic. The drug
release reached to approximately 40 % in the first
two hours, acidic medium. After that, basic
medium led to the deceleration of drug release and
the drug release reached to 100 % in 48 hours. As
a consequence, this developed formulation could
have promising potential when prevention of drug
release in stomach achieved, for instance using
enteric coating.
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