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The present study is aimed at formulation of alginate (ALG)
microspheres with ranitidine (RNT) by the spray drying
method. Obtained microspheres were characterized for
particle size, surface morphology, entrapment efficiency,
drug loading, in vitro drug release and zeta potential. Mu-
coadhesive properties were examined by a texture analyser
and three types of adhesive layers — gelatine discs, mucin
gel and porcine stomach mucosa. Microspheres showed a
smooth surface with narrow particle size distribution and

RNT loading of up to 70.9 %. All formulations possessed
mucoadhesive properties and exhibited prolonged drug
release according to the first-order kinetics. DSC reports
showed that there was no interaction between RNT and
ALG. Designed microspheres can be considered potential
carriers of ranitidine with prolonged residence time in the
stomach.
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Ranitidine (RNT) is a widely used histamine receptor antagonist, which inhibits gas-
tric acid secretion by parietal cells induced by gastrin, histamine and cholinergic stimula-
tion. It is mainly used in the treatment of gastro-oesophageal reflux disease, gastric and
duodenal ulceration and Zollinger-Ellison syndrome. However, after administration in
conventional dosage forms, RNT has low bioavailability (below 50 %), because it is poorly
absorbed and degraded by intestinal bacteria in the lower segment of the gastrointestinal
tract (1-3).

Dosage forms with prolonged gastric residence time are particularly suitable for
drugs that are absorbed in the stomach, which are unstable in the intestines or are poorly
soluble at high pH. Prolongation of drug residence time in the stomach can be achieved by
floatation, mucoadhesion, by modifying the shape of drug carrier, by swelling and high-
-density systems or by co-administration of a pharmacological agent delaying gastric emp-
tying. Floatation requires the presence of a liquid, on which the dosage form can float in
the presence of gastric contents. To overcome this limitation and to prolong residence time
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of the dosage form in the stomach, mucoadhesive polymers are used. Mucoadhesive poly-
mers bind to the gastric epithelial cell surface or mucin and provide sustained residence
time in the stomach and, as a consequence, improve drug bioavailability (4, 5). Mucoadhe-
sive microspheres are considered as a promising drug delivery system. This multiparticu-
late dosage form provides improved efficacy, reduced toxicity and a wider margin of safe-
ty in the case of dosage form damage, compared to traditional single unit formulations
(6-8).

To produce microspheres with mucoadhesive properties, natural polymers (gelatin,
chitosan, tragacanth, alginates) are mainly used. Sodium alginate (ALG) is a non-toxic,
biocompatible, biodegradable polymer, which belongs to the polysaccharides naturally
present in seaweed (9, 10). Contact of ALG with the acidic environment in the stomach
leads to the formation of a gel layer that has a protective effect on the mucous membranes
of the stomach and oesophagus. ALG is therefore an ingredient of many medications (anta-
cids) commonly used in the treatment of heartburn and reflux diseases (11, 12).

As mucoadhesive microspheres offer a unique carrier system for many pharmaceuti-
cals, much research work has been done in the last decade on their application to various
routes. The gastrointestinal tract is the most important route for drug administration and
therefore oral mucoadhesive dosage forms have been extensively studied. Mucoadhesive
microspheres have been reported to increase the peroral bioavailability of many drugs,
including metformin, amoxicillin, ibuprofen, furosemide, insulin, glipizide, acyclovir,
captopril, and dicumarol (6—8). Microspheres can be prepared by several methods: single
emulsion, solvent evaporation, cross-linking, or spray drying, but the choice mainly de-
pends on the nature of the polymer, the drug and the intended use. To our best knowledge,
there are no studies devoted to the formulation of mucoadhesive microspheres with RNT
by the spray drying technique. This is a new method for the preparation of microparticles
and the physicochemical properties of the final product mainly depend on the inlet tem-
perature, air flow rate, feed flow rate, atomizer speed, type of the polymer, properties of
the drug, and polymer/drug ratio (13). Therefore, the aim of this study was to design and
produce mucoadhesive ALG microspheres with RNT by spray drying. The obtained mi-
crospheres were tested in vitro to select the optimum formulation with favourable mucoad-
hesive properties and prolonged RNT release. In adition, the effect of ALG:RNT ratios and
different concentrations of ALG solution were investigated.

EXPERIMENTAL

Materials

Ranitidine hydrochloride was obtained from Zaklady Farmaceutyczne Polpharma
S.A. (Poland). Sodium alginate of low viscosity (viscosity of 2 % water solution: 0.1-0.3 Pa
s) was purchased from Sigma Aldrich (Germany). Potassium dihydrogenphosphate, so-
dium hydroxide, hydrochloric acid and methanol were obtained from Chempur (Poland).
Water was distilled and passed through a reverse osmosis system Milli-Q Reagent Water
System (Millipore, USA). In order to examine the mucoadhesive properties, adhesive layers
made of mucin type II from porcine stomach and gelatine type B from bovine skin (Sigma
Aldrich) were prepared. Porcine stomach mucosa of large white pigs weighing ca 200 kg
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was obtained from the veterinary service (Turosn Koscielna, Poland). Samples were stored
at —20 °C and were defrosted before the experiment and cut into 5-mm and 2-mm thick
pieces.

Preparation of microspheres

Microspheres were prepared using a Biichi Mini Spray Dryer B-290 (Biichi, Schwitzer-
land). In order to choose the optimal spray drying parameters to obtain the product of
desired properties, a number of tests were conducted and the experimental parameters of
the process were set as follows: inlet temperature 127 °C, aspirator flow 37 m*h7, feed flow
7 mL min™, spray flow 600 L h™\. Microspheres (F1-F9) were prepared using different drug/
polymer mass ratios (1:1, 1:2, 2:1) and different concentrations of ALG solution (1, 2 and 3
%) (Table I).

Table 1. Composition of feed solutions used to prepare microspheres by spray drying

RNT:-ALG
mass ratio

RNT (g) ALG (g)

1 % ALG solution (500 mL)

1:1 5 5

1:2 5 10

2:1 10 5
2 % ALG solution (500 mL)

1:1 10 10

1:2 10 20

2:1 20 10
3 % ALG solution (500 mL)

1:1 15 15

1:2 15 30

2:1 30 15

Evaluation of microspheres

Morphology and particle size distribution. — Measurements of the particle size and mean
microsphere diameter were performed using an optical microscope Motic BA400 (Motic,
Germany) and Zetasizer NanoZS90 (Malvern Instruments, UK). Morphology of the micro-
spheres was examined with a scanning electron microscope (SEM) (Hitachi 54200, Japan).

HPLC analysis of RNT. — The concentration of RNT in the medium was determined
using the HPLC system Agilent Technologies 1200 equipped with a G1312A binary pump,
a G1316A thermostat, a G1379B degasser and a G1315B diode array detector (Agilent, Ger-
many). Data collection and analysis were performed using the Chemstation 6.0 software.
Isocratic separation was achieved on a Zorbax Eclipse XDB-C18, 4.6x150 mm, 5-um col-
umn (Agilent). Mobile phase was methanol/0.01 mol L' phosphate buffer pH 7.0 (1:3; V/V),
the flow rate was 1.0 mL min™ and UV detection was performed at 224 nm (14). Column
temperature was maintained at 25 °C. For injection into the HPLC system, 20 uL of sample
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was used. All reagents used for analysis were of HPLC grade. The retention time of RNT
was 3.0 min. The HPLC method was validated and the standard calibration curve was
linear over the range of 1-100 pg mL™ with the coefficient of determination (R?) of 0.999.

RNT loading, encapsulation efficiency and production yield. - RNT loading in the micro-
spheres was determined by dissolving an accurately weighed amount of microspheres (20
mg) in 10 mL distilled water and agitating it for 24 h at 150 rpm in a water bath (15). After
filtration through a 0.45-um cellulose acetate Millipore filter (Millipore), RNT concentra-
tion was determined by HPLC. Each sample was analysed in triplicate.

Zeta potential. — Zeta potential measurements were performed using a Zetasizer
NanoZS90 (Malvern Instrument). Microspheres were suspended in methanol before the
measurement and data were received directly from Zetasizer Software 6.20. Zeta potential
analysis is a technique for evaluation of the particle surface charge in the solution. It is an
important tool for determining the state of the microsphere surface and it is directly re-
lated to the stability of the microsphere suspension. Microspheres with zeta potential val-
ues greater than +25 mV or less than —25 mV are characterized by high stability. Converse-
ly, if the particles’ zeta potential is relatively small, the particles will agglomerate (16).

Swelling properties. — Microspheres (20 mg) were placed in beakers containing 25 mL
of 0.1 mol L' HCI (pH 1.2) and stirred at 100 rpm at 37 + 1 °C. At predetermined time in-
tervals, the medium was carefully removed by filtration, and swollen microspheres were
weighted. Swelling ratio (SR) is an important parameter to be studied before considering
mucoadhesion and in vitro drug release. Swelling is the first step in the mucoadhesion
process and it enables formation of bonds between the polymer and mucous membrane
and consequently a spatial network with adhesive properties (17).

Mucoadhesive properties. — TAXT.Plus Texture Analyser (Stable Microsystems, UK)
equipped with a 5-kg load cell, cylinder probe and the measuring system A/MUC was
used for mucoadhesion test. Mucoadhesive properties were assessed using three different
types of mucoadhesive material: gelatin, mucin and porcine stomach mucosa. Porcine
stomach mucosa model is often used to imitate in vivo conditions due to the similarity in
the structure of human and porcine stomachs. Moreover, it was found that the differences
in detachment forces between human and porcine gastric mucosa were not significant (18).
Experimental parameters were chosen during preliminary tests and set as follows: pretest
speed 0.5 mm s7, test speed 0.1 m s, contact time 180 s, post test speed 0.1 mm s, applied
force 1 kg m s72. Gelatin discs were prepared by pouring 30 % (m/m) gelatin aqueous solu-
tion into a Petri dish. The layer of mucin was prepared by absorbing 10 % mucin gel on a
disc with cellulose fiber (5 mm in diameter). Tests were conducted at 37 + 1 °C. The mu-
coadhesive material was glued to an upper probe with a-cyanoacrylate glue and was mois-
turized with 20 uL of 0.1 mol L™ HCI (pH 1.2) (except for mucin gel) (19, 20). The micro-
sphere mucoadhesive properties were determined as the maximum detachment force
(F o) and the work of mucoadhesion (W,,) calculated from the area under the force versus
distance curve, expressed in pJ (21).

In vitro RNT release. — RNT release profiles were obtained according to the modified
USP method (22) using a dissolution basket apparatus (Erweka Paddle Dissolution tester
type DT 600HH, Erweka, Germany). In each study, the amount of microspheres equivalent
to 75 mg of RNT was analysed. All microsphere formulations were suspended in 500 mL
of 0.1 mol L HCI (pH 1.2) and stirred at 50 rpm at 37 + 1 °C for 8 h (23). Samples were
withdrawn and filtered through a 0.45-um cellulose acetate filter (Millipore) at predeter-
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mined time intervals and replaced with fresh dissolution medium. The amount of released
RNT was analysed by HPLC (as described earlier). The studies were carried out in triplicate.

Mathematical modelling of RNT release profile

RNT release data was analysed according to the zero-order kinetics, first-order kinet-
ics, Higuchi model and Korsmeyer-Peppas equation to characterize the mechanism of
drug release. The constants of release kinetics and R? coefficients were calculated from the
slope of plots by linear regression analysis.

Zero-order kinetics is described by the formula:
F=kt @
First-order kinetics is described by the formula:
In F =kt )
Higuchi model is described by the equation:
F=kVt )
and Korsmeyer-Peppas model is expressed by the following equation:
F=kt" 4)

where F is the fraction of drug release, k is the release constant and ¢ is time. For the
Korsmeyer-Peppas model, the fraction of drug remaining at time  was determined for
every time interval from log (M,/M..) and plotted against the log of time . The slope of the
line was taken as the value of n — diffusion release exponent used for interpretation of the
release mechanism. When n takes a value below 0.43 for sphere shape, the drug diffuses
through and is released from the polymer matrix following Fickian diffusion, n = 0.85 in-
dicates swelling-controlled release, n between 0.43 and 0.85 — the mechanism of drug re-
lease, includes both phenomena (anomalous transport) (24, 25).

Differential scanning calorimetric studies

Differential scanning calorimetric (DSC) analysis of RNT, ALG and formulation F6 of
microspheres (with the highest RNT loading) was performed using an automatic thermal
analyser system (DSC TEQ2000, TA Instruments, USA). Each sample was precisely
weighed (5 mg) and placed in a sealed aluminium pan. An empty sealed pan was used as
reference. Temperature calibrations were performed using indium and zinc as standards.
Samples were heated from 25 to 200 °C at a scanning rate of 10 °C min™ under nitrogen
flow of 20 mL min™ (26).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 20. The strength and di-
rection of correlation between the amount of RNT and the swelling ratio were assessed by
Spearman correlation.
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RESULTS AND DISCUSSION

Characterization of microspheres

In the present study, RNT loaded microspheres were prepared by the spray drying
method using ALG as the polymer matrix. Characteristics of the obtained formulations F1
-F9 are shown in Table II. Comparison of the particle size indicates that an increased
amount of incorporated RNT resulted in a larger microsphere particle size. Microspheres
F1, with the lowest RNT loading (32.4 + 1.8 %) have the mean diameter of 0.9 + 0.1 pm, but
microspheres F6 with the highest RNT loading (70.9 + 1.5 %) 2.6 + 0.1 pm. When the con-
centration of ALG solution was increased, microspheres were significantly larger, but the
production yield was decreased ranging from 67.3 = 1.7 % (F1) to 32.7 + 2.2 % (F9).

Table I1. Composition and properties of RNT-loaded ALG microspheres

RNT/ALG Zeta Production Encapsulation RNT Mean
Flo?nu- ratio potential yield efficiency loading diameter
TN mim (mV): %)° (%)° %)° (um)°
1 % ALG solution
F1 1:2 -40.7 £7.2 67.3+1.7 95.6 £2.1 324+18 09+0.1
F2 11 -269+6.5 61.3+2.4 90.8 +2.7 492 +35 1.7+09
F3 2:1 -284+54 40.7+14 819+3.2 66.2+1.7 22+0.1
2 % ALG solution
F4 1:2 -38.2+2.2 473+ 1.6 854+19 37.6 £2.2 1.6 0.1
F5 11 -359+1.1 449+1.3 80.3+2.1 55.2+3.6 22+0.1
F6 2:1 -30.5+3.9 36.8+2.1 795+2.3 709+1.5 2.6+0.1
3 % ALG solution
F7 1:2 -529+44 36.6+1.1 77.6 £2.7 49.1+39 19+0.1
F8 1:1 -38.6 £ 1.6 392+14 704 +29 57.2+39 2.5+0.1
F9 2:1 -33.6+2.6 327+22 67.8 +3.1 65.1+75 2.6+0.1

aMean + SD, n=3.

The drug/polymer ratio is a key factor influencing the characteristics of microspheres.
The minimum RNT loading was observed in formulation F1 (drug/polymer ratio 1:2, 1 %
ALG solution) and maximum in F6 (drug/polymer ratio 2:1, 2 % ALG solution). The in-
crease in the drug/polymer ratio resulted in an improvement of RNT loading, but encap-
sulation efficiency was decreased.

The SEM photographs of microspheres showed that the obtained particles were
spherical (Fig. 1).

Zeta potential
All formulations showed a negative zeta potential value (from —26.9 mV in F2 to -52.9

mV in F7), which indicated their stability (Table II). The negative value of zeta potential is
a result of the negative charge of ALG.
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Fig. 1. SEM images of microspheres formulation F6 under magnification of: a) 10,000x, b) 20,000x.

Swelling and mucoadhesive properties

In this study, swelling properties were examined in 0.1 mol L' HCI at pH 1.2. As
shown in Fig. 2, the medium penetrates through the pores of microspheres and the initial
rapid rise in swelling ratio was observed in all formulations after the first 30 min. The
linear increase in SR was observed up to 240 min. RNT/ALG ratio had a significant effect
on the swelling properties of obtained microspheres.
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Fig. 2. Swelling ratio of microsphere formulations F1-F9 (mean + SD, n = 3).

To investigate if the presence of the drug in microspheres F1-F9 influenced the poly-
mer swelling ability, the amount of polymer was correlated with the swelling ratio. The
strength and direction of correlation were assessed by Spearman correlation. With in-
creasing the amount of ALG, SR was significantly increased. With the increase of swelling
time (300 min), a higher correlation coefficient and lower p-value (p <0.001) were reported
(Fig. 3). Based on the obtained results, high positive, significant (p < 0.05) correlation coef-
ficients (between 0.73 and 0.95) were observed in all time series (Table III).
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Fig. 3. Correlation between the amount of ALG in microspheres and swelling ratio observed after 300 min.

Table I11. Correlations between the amount of alginate and swelling ratio in examined time series

Time (min) R 4
30 0.783 0.013
60 0.733 0.025
120 0.833 0.005
180 0.950 <0.001
240 0.950 <0.001
300 0.933 <0.001

R — correlation coefficient
p —level of significance
SR - swelling ratio

Mucoadhesive properties of microsphere formulations F1-F9 were investigated with
a texture analyser and are presented as maximum detachment force (F,,,,) and work of
adhesion (W,4) (Table IV). Gelatin discs, mucin gel and porcine stomach mucosa were used
as adhesive layers. All examined formulation showed mucoadhesive properties expressed
as I, with the range of 0.16 + 0.02 kg m s to 0.91 + 0.06 kg m s and W, between 340.6 +

1.4 and 989.2 + 3.2 pJ. In general, the strength of alginate mucoadhesive bond increased by
decreasing the amount of RNT in the formulations.

Our study has shown a direct correlation between the mucoadhesive properties and
SR in RNT microspheres with ALG. The highest values of F,,, and W,; were observed for
formulation F1, with the highest SR and minimum RNT loading (values obtained using
porcine stomach mucosa: F,,,, 0.91 £ 0.06 kg m s and W, 989.2 + 3.2 pJ).

In vitro RNT release

In vitro release studies of RNT were performed in HCI at pH 1.2 for 8 h. The data ob-
tained for formulations F3, F6 and F9 (with the highest RNT loading) are shown in Fig. 4.
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Table 1V. Mucoadhesive properties of microspheres formulations F1-F9

Type of adhesive layer®
Formu- Gelatine Mucin Porcine stomach mucosa
fation W, Fon W, Fond W,
(kgms?) (1)) (kgm s () (kgm s (1))
F1 0.17 £0.02 628.8£0.3 0.55 +0.02 605.4 £ 0.7 0.91 +0.06 989.2+3.2
F2 0.16 = 0.02 5424 +0.1 0.49 +0.04 483.0+0.6 0.59 £ 0.05 763.7 + 1.1
F3 0.18 £0.02 509.5+0.3 0.42 £0.09 340.6+14 0.48 £ 0.05 770.3+1.7
F4 0.21 £0.01 764.0 + 0.6 0.78 + 0.04 959.1 £ 0.6 0.70 £ 0.07 892.0 £2.5
F5 0.19 +0.08 528.0+1.5 0.49 +0.06 774.8 +0.7 0.85+0.03 7709 +0.6
F6 0.19 +£0.03 5975+ 0.6 0.55 +0.08 676.6 + 0.6 0.76 + 0.04 7161+ 1.1
F7 0.22 +0.06 829.8+2.7 0.63 +0.06 828.8 +0.6 0.83 +£0.07 9059+ 1.5
F8 0.19 +£0.07 710.8+3.4 0.63 +0.09 748.8+0.8 0.79 £ 0.04 904.2 +0.5
F9 0.19 £ 0.04 694.5+2.5 0.73 £0.07 739.2+0.6 0.77 £ 0.07 812.5+0.8

aMean + SD, n = 6.
» Maximum detachment force.
¢Work of adhesion.

After 0.5 h, the burst effect was observed and RNT was continuously released up to 4-6 h.
The total amount of drug was released from formulations F3 and F6 after 4 h, and from
formulation F9 after 6 h. Conversion of ALG at acidic pH to gelling alginic acid prevents
matrix disintegration and controls water penetration inside the microsphere structure.
The in vitro dissolution data were analysed by different kinetic models to find out the n
value and the coefficients of determination (R? for the respective models (Table V). The
values of n for the release of RNT from the ALG microspheres range between 0.071 and

Drug release (%)

40 —-F3 ®-F6 & F9

o
(35}
s
(=}
=]
—
o

Time (h)
Fig. 4. RNT release from formulations F3, F6 and F9 in 0.1 mol L™' HCI (pH 1.2) (mean = SD, n = 3).
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0.182 indicating that the drug release followed the diffusion process. In all formulations,
the highest value of R?> was observed in the first-order kinetic model, which indicates that
RNT release was concentration dependent (Table V).

Table V. Models of RNT release in 0.1 mol L™" HCI

Zero-order First-order Highuchi Korsmeyer-Peppas
F ormu- kinetics kinetics model model
lation
R? kq® R? ki R? ki R? kxp n

F1 0.341 1.255 0.989 0.309 0.855 17.64 0.946 0.401 0.182
F2 0.664 4.615 0.991 0.352 0.855 12.92 0.945 0.332 0.119
F3 0.471 1.113 0.953 0.618 0.802 12.19 0.922 0.328 0.116
F4 0.731 3.698 0.951 0.249 0.809 12.73 0.868 0.329 0.119
F5 0.945 4.148 0.936 0.243 0.890 11.24 0.947 0.309 0.105
F6 0.887 2921 0.937 0.541 0.822 7.28 0.910 0.257 0.071
F7 0.336 0.662 0.935 0.383 0.867 10.93 0.940 0.306 0.103
F8 0.310 0.765 0.912 0.331 0.853 13.12 0.947 0.339 0.127
F9 0.354 0.577 0.990 0.313 0.891 9.35 0.964 0.279 0.085

R? - coefficient of determination.

? Zero-order release constant.

bFirst-order release constant.

¢ Constant reflecting the design variables of the system.

4 Constant reflecting the structural and geometric dosage form
¢ Release exponent.

DSC studies

The physical state of RNT inside the ALG microspheres was assessed by thermal
analysis. DSC thermograms of RNT, ALG and formulation F6 (with the highest RNT load-
ing) are shown in Fig. 5. Two types of polymorphic crystalline forms of RNT have been
described in the literature. Form 1 exhibits considerable hygroscopicity and has its melting
point between 134 and 140 °C. Form 2 is more advantageous, it is easy to dry, less sensitive
to moisture and is characterized by the melting point between 140 and 149 °C (27). Under
the experimental conditions, the DSC thermogram of pure RNT shows a sharp endother-
mic peak at 149.04 °C, which indicates the presence of the polymorphic form 2. The melting
point of RNT is accompanied by exothermic degradation, which is related to the presence
of the nitro moiety and produces a dark brown degradation product (28). The thermogram
of formulation F6 shows the RNT peak at 142.90 °C, which demonstrates the presence of
form 2. Moreover, reduction of the RNT melting point in formulation F6 might be due to
its mixing with ALG, which lowered the purity of each component (29). Melting peak of
ALG (119.27 °C) was not detected in F6, which might suggest that ALG had dehydrated
during the spray drying process (30).
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Fig. 5. DSC thermograms of RNT, ALG and microspheres formulation F6.

CONCLUSIONS

The obtained data suggest that mucoadhesive ALG microspheres with RNT can be
successfully prepared by the spray drying technique. Properties of the obtained particles
and RNT release can be altered by varying the drug/polymer ratio and concentration of
the polymer solution. The optimum formulation of microspheres (F6) is characterized by
the highest RNT loading, sustained drug release (up to 4 h) and favourable swelling and
mucoadhesive properties. The results of this study suggest that the designed microspheres
could be effectively used as mucoadhesive carriers of RNT. Drug delivery via mucoadhe-
sive microspheres is a promising area for continued research with the aim of achieving
controlled RNT release with its enhanced bioavailability.
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