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Multicompartment dosage forms, such as
microparticles, provide high surface area of drug
release and short diffusion way, which in the conse-
quence enables improvement of therapeutic efficacy
and reduction of drug toxicity (1). One of the
advanced methods used in microparticles production
is spray drying. Spray drying is a one-step process,
which depends on spraying a solution, emulsion or
suspension in a stream of drying gas - compressed air
or nitrogen. Increased contact area between the phas-
es leads to an intensive exchange of heat and almost
immediate removal of the solvent to form dry parti-
cles. Parameters of the process, e.g., atomization
devices, drying chambers, aspirator and feed rate,
drying temperature, spray air flow and properties of
the material affect the characteristics of the dried
product. Properly selected parameters allow to obtain
dry particles with desired properties (2).

One of the polymers used for preparation of
microparticles is sodium alginate (ALG), which
commonly occurs in seaweed. It is a heteropolysac-
charide composed of monomers of β-D-mannuronic
acid and α-L-guluronic acid. ALG possesses a num-
ber of advantages: non-toxicity, biocompatibility
and biodegradability. In addition, mucoadhesive

properties of this polymer can increase the residence
time of the dosage form and in the consequence
improve the drug bioavailability (3ñ5).

Metronidazole (MT) is synthetic, chemothera-
peutic drug, which is a derivative of nitroimidazole.
Its activity includes strictly anaerobic bacteria and
protozoa. Mechanism of MT action involves the
penetration of bacterial cells in the process of pas-
sive diffusion and generation of active product in the
reduction of the nitro group, which causes damage
of cellular DNA (6, 7). MT is one of the most effec-
tive drugs in the eradication of Helicobacter pylori,
which resides mainly in the gastric mucosa and is an
etiologic factor in the development of the gastritis,
gastric ulcer and gastric carcinoma (8). MT is also
widely used to treat trichomoniasis ñ the most com-
mon nonviral sexually transmitted disease, which
affects about 170 million people a year and is caused
by the protozoan Trichomonas vaginalis (9).
Registered preparations with MT include tablets for
oral or vaginal administration, gels, creams and
intravenous dosage forms. However, multicompart-
ment sustained release forms with MT, which could
provide greater uniformity and reproducibility of the
delivered dose, are not available (10), therefore the
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objective of this study was to prepare MT loaded
ALG mucoadhesive microspheres by the spray dry-
ing technique. The effect of the drug : polymer ratio
and concentration of ALG solution on the properties
of prepared microspheres was evaluated. The
obtained microspheres (formulations F1-F9) were
characterized for size, morphology, drug loading,
entrapment efficiency, swelling properties and ζ
potential. Mucoadhesive properties of the micros-
pheres were examined by using texture analyzer and
three different models of adhesive layer: gelatin
discs, mucin gel and porcine vaginal mucosa. The
physical state of microspheres was determined by
differential scanning calorimetry. The in vitro drug
release and mathematical modeling of MT release
were also evaluated.

EXPERIMENTAL

Materials

Metronidazole (MT) was purchased from
Amara (KrakÛw, Poland). Sodium alginate (ALG)
low viscosity (a viscosity of 2% solution: 100-300
cP) was purchased from Sigma Aldrich (Steinheim,
Germany). Potassium dihydrogen phosphate, sodi-
um hydroxide, hydrochloric acid, sodium chloride,
potassium hydroxide, calcium hydroxide, lactic
acid, acetic acid, glycerol, urea and glucose were
obtained from Chempur (Piekary ålπskie, Poland).
Water was distilled and passed through a reverse
osmosis system Milli-Q Reagent Water System
(Billerica, MA, USA). Mucin type II from porcine
stomach and gelatin type B from bovine skin was

purchased from Sigma Aldrich (Steinheim,
Germany). Porcine vaginal mucosa from large white
pigs weighting ≈ 200 kg was obtained from the vet-
erinary service (TuroúÒ Koúcielna, Poland). Samples
were stored at -20OC and before the experiment were
defrosted and cut into 5 mm in diameter and 2 mm
thick pieces.

Preparation of microspheres

Microspheres were produced using B¸chi Mini
Spray Dryer B-290 (B¸chi, Flawil, Switzerland). In
order to choose the optimal parameters of spray dry-
ing to obtain product of the desired properties, a
number of tests were conducted and the experimen-
tal parameters of the process were set as follows:
inlet temperature 150OC, aspirator flow 37 m3/h,
feed flow 5 mL/min, spray flow 600 L/h.
Microspheres (F1ñF9) were prepared by using dif-
ferent drug : polymer ratio (1 : 1, 1 : 2, 2 : 1) and dif-
ferent concentrations of sodium alginate (1, 2, 3%)
(Table 1). 

Evaluation of microspheres

Morphology and particle size distribution
Measurements of the particle size and mean

diameter of microspheres were performed using an
optical microscope equipped with a camera (Motic
BA400, Wetzlar, Germany) and Zetasizer
NanoZS90 (Malvern Instruments, Malvern, United
Kingdom). Morphology of the microspheres formu-
lation F3 (with the highest MT loading) was addi-
tionally examined by scanning electron microscope
(SEM) (Hitachi S4200, Tokyo, Japan).

Table 1. Characteristics of MT loaded ALG microspheres (formulation F1ñF9).

Drug: ζ potential Production Encapsulation Percent Mean
polymer (mV)  yield efficiency loading diameterFormulation

ratio  (%)  (%) (%)  (µm)

1% ALG solution

F1 1:2 - 61.33 ±  9.71 51.15 ± 1.81 92.80 ± 2.32 35.88 ± 1.16 0.74 ± 0.04

F2 1:1 - 66.80 ±  9.53 46.92 ± 1.25 94.52 ± 2.13 51.19 ± 1.38 1.51 ± 0.13

F3 2:1 - 71.93 ±  7.92 42.49 ± 1.42 91.07 ± 1.91 62.17 ± 1.89 1.91 ± 0.15

2% ALG solution

F4 1:2 - 65.60 ±  9.74 44.69 ± 1.22 76.28 ± 2.96 34.81 ± 1.34 2.27 ± 0.13

F5 1:1 - 66.80 ±  8.32 40.25 ± 1.76 86.36 ± 2.65 39.52 ± 2.48 2.24 ± 0.14

F6 2:1 - 72.77 ±  9.21 31.04 ± 1.88 88.31 ± 3.19 51.43 ± 1.71 1.29 ± 0.19

3% ALG solution

F7 1:2 - 67.77 ±  8.91 35.59 ± 1.17 85.69 ± 3.29 34.94 ± 1.51 2.95 ± 0.15

F8 1:1 - 66.87 ±  8.46 38.18 ± 1.36 89.40 ± 2.74 44.86 ± 2.26 3.96 ± 0.16

F9 2:1 -70.57 ±  8.02 30.68 ± 1.62 79.31 ± 2.15 47.70 ± 2.44 1.84 ± 0.13
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HPLC analysis of MT
The concentration of MT was determined by

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, Waldbronn,
Germany). Data collection and analysis were per-
formed using Chemstation 6.0 software. Isocratic
separation was achieved on a Zorbax Eclipse
XDBñC18, 4.6 ◊ 150 mm, 5 µm column (Agilent,
Waldbronn, Germany). Mobile phase was acetoni-
trile : 0.01 M phosphate buffer pH 4.7 (15 : 85, v/v),
the flow rate was 1.0 mL/min and UV detection was
performed at a wavelength of 319 nm (11). The
column temperature was maintained at 25OC. For
injection into the HPLC system, 20 µL of sample
was used. All reagents used for analysis were
HPLC grade. The retention time of MT was 3.0 min
and retention factor (k) was 2. Retention factor (k)
was determined by using the formula: k = tR ñ t0 / t0,

where tR ñ retention time of the analyte on the col-
umn, t0 ñ retention time of a non-retained com-
pound (12). Standard calibration curve was linear
over the range of 1ñ100 µg/mL with the correlation
coefficient (R2) 0.999.

Determination of MT loading, encapsulation effi-
ciency and production yield

MT loading in the microspheres was deter-
mined by dissolving an accurately weighted amount
of microspheres (20 mg) in 10 mL of distilled water
and agitating for 24 h at 150 rpm in a water bath
(13). After filtration through 0.45 µm cellulose
acetate (CA) Millipore filters (Billerica, MA, USA),
concentration of MT was determined by HPLC
method. Each sample was analyzed in triplicate. The
mean drug encapsulation efficiency was calculated
by formula: 

EE = Qa / Qt ◊ 100
where EE ñ percentage of encapsulation efficiency,
Qa ñ actual drug content, Qt ñ theoretical drug con-
tent. 

The percentage yield of MT in the ALG
microspheres was determined by using the formula:

Y = Wm / Wt ◊ 100
where Y ñ percentage production yield, Wm ñ weight
of microspheres and Wt ñ theoretical weight of drug
and polymer (13).

ζζ    potential
ζ potential measurements were performed

using a Zetasizer NanoZS90 (Malvern Instruments,
Malvern, United Kingdom). 

Swelling properties
Swelling properties of microspheres were

examined in modified simultaneous vaginal fluid
(SVF) pH 4.2 or in 0.1 M HCl pH 1.2. SVF was pre-
pared by dissolving sodium hydroxide, hydrochloric
acid, sodium chloride, potassium hydroxide, calci-
um hydroxide, lactic acid, acetic acid, glycerol, glu-
cose and urea in water and adjusted to pH 4.2 by
using 0.1 M HCl (14). Microspheres (20 mg) were
placed in beakers containing 25 mL of medium and
stirred at 100 rpm at 37 ± 1OC. The microspheres
were periodically weighted at predetermined time
interval until a constant weight was obtained. The
swelling ratio (SR) was calculated by using the fol-
lowing formula:

SR = (Ws ñ Wo)/Wo
where Wo ñ initial weight of microspheres and Ws ñ
weight of microspheres after swelling (15).

Mucoadhesive properties
Evaluation of mucoadhesiveness was per-

formed using TA.XT.Plus Texture Analyser (Stable
Micro Systems, Godalming, United Kingdom) and
three different models of adhesive layers: gelatin
discs, mucin gel and porcine vaginal mucosa.
Experimental parameters of the process were chosen
during preliminary tests and set as follows: pretest
speed 0.5 mm/s, test speed 0.1 m/s, contact time 180
s, post test 0.1 mm/s, applied force 1 N. Gelatin
discs were prepared by pouring 30% w/w aqueous
solution into a Petri dish. Layer of mucin was pre-
pared by absorbing of 10% mucin gel on a discs
with cellulose fiber (5 mm in diameter). Tests were
conducted at 37 ± 1OC. Each adhesive layer was
adhered to an upper probe and moisturized with
SVF. Mucoadhesive properties were determined as
maximum detachment force (Fmax) and work of
mucoadhesion (Wad) ñ calculated from the area
under the force versus distance curve and expressed
in µJ.

In vitro MT release 
MT release profiles were obtained according to

the modified USP method using dissolution basket
apparatus (Erweka Paddle Dissolution tester type
DT 600HH, Heusenstamm, Germany). The receptor
compartment was filled with 500 mL of modified
simulated vaginal fluid (SVF) (pH 4.2) or 0.1 M
HCl (pH 1.2) to provide sink conditions. All formu-
lations of microspheres (containing 250 mg of MT
for study in 0.1 M HCl or 500 mg of MT for study
in SVF) were suspended in dissolution medium and
stirred at 50 rpm at 37 ± 1OC for 8 h. Samples were
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withdrawn and filtered through 0.45 µm CA
Millipore filters (Billerica, MA, USA) at predeter-
mined time intervals and replaced with fresh disso-
lution medium (16). The amount of released MT
was analyzed by HPLC method (as described earli-
er). The studies were carried out in triplicate. 

Mathematical modeling of MT release profile
MT release data were analyzed according to

zero order kinetic, first order kinetic, Higuchi model
and KorsmeyerñPeppas equation to characterize
mechanism of the drug release. Constants of release
kinetics and regression coefficients (R2) were calcu-
lated from the slope of plots by linear regression
analysis. 

Zero order kinetic describes formula:
Qt = Qo + Kot

where Qt is the amount of drug dissolved in time t,
Qo ñ the initial amount of drug in the solution, and
Ko ñ the zero order release constant.

First order kinetic formula:
log Qt = log Qo + kt/2.303

where Qt is the amount of drug released in time t, Qo

ñ the initial amount of the drug in the solution and k
ñ the first order release constant.

Higuchi model describes equation:
Q = kHt1/2

where Q is cumulative amounts of the drug released
at time t and kH ñ the Higuchi dissolution constant. 

Korsmeyer-Peppas model is expressed by the
following equation:

Mt / M8 = ktn

where Mt and M8 are amounts of the drug released at
time t and infinite time, k is the constant incorporat-
ing structural and geometrical characteristics and n ñ
diffusion release exponent used to interpretation of
diffusion release mechanism (17, 18).

Differential scanning calorimetric studies
Differential scanning calorimetric (DSC) analy-

sis of MT, ALG and formulation F3 of microspheres
(with the highest drug loading) was performed using
an automatic thermal analyzer system (DSC
TEQ2000, TA Instruments, New Castle, DE, USA).
Each sample was precisely weighted (5 mg) and
placed in sealed aluminium pans. An empty pan was
used as a reference. Temperature calibrations were
performed using indium and zinc as standard. Samples
were heated from 25 to 230OC at scanning rate of
10OC/min under nitrogen flow of 20 mL/min (19).

Statistical analysis
Quantity variables were expressed as the mean

and standard deviation. Statistical analysis was per-

formed using nonparametric Kruskal-Wallis test and
conducted by using STATISTICA 10.0 software.
Differences between groups were considered to be
significant at p < 0.05.

RESULTS AND DISCUSSION

Frequently encountered problems with conven-
tional dosage forms are differences in bioavailabili-
ty, relatively short residence time in the gastroin-
testinal tract and possibility of irritation caused by
local drug release (20, 21). In contrast, multicom-
partment dosage forms due to the high surface area
offer numerous advantages, which include reduction
of individual differences in bioavailability,
improved efficacy and reduced toxicity (22). Drug
absorption in the stomach is a complex process
which depends on physiological factors: pH, pres-
ence of food, peristalsis and stomach emptying. In
acidic fluid, the sodium alginate is converted to the
insoluble, swelling alginic acid. Application of ALG
to obtain mucoadhesive microspheres with MT
could prolong residence time in the stomach and
improve effectiveness in the eradication of H. pylori
(23, 24). MT is also one of the most effective drugs
for common vaginal infections ñ bacterial vaginosis
and trichomoniasis. However, the currently avail-
able traditional vaginal delivery systems with MT
have limitations. ALG, as anionic polymer with
mucoadhesive properties, could prolong residence
time of the dosage form in the site of application and
in the consequence improve therapeutic efficacy of
MT (25, 26).

Characteristics of ALG microspheres with MT

In the present study, MT loaded microspheres
were successfully prepared by the spray drying
method using sodium alginate as polymer matrix.
Spray drying technique is relatively simple to carry
out, however obtaining the product with desired
properties is a complex process, which depends on
several factors. The optimal spray drying process
parameters included: inlet temperature 150OC, aspi-
rator flow 37 m3/h, feed flow 5 mL/min, spray flow
600 L/h. The characteristics of microspheres
obtained using different drug : polymer ratio and
different concentration of ALG solution are shown
in Table 1. The mean diameter of microspheres
ranged from 0.74 ± 0.04 µm (F1) to 3.96 ± 0.16 µm
(F8). The minimum drug loading was observed in
formulations F1, F4, F7, when drug : polymer ratio
was 1 : 2. Maximum drug loading was in formula-
tion F3 (drug : polymer ratio 2 : 1, 1% ALG solu-
tion). The encapsulation efficiency ranges from
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76.28 ± 2.96% (F4) to 94.52 ± 2.13% (F2) (Table 1).
The increase in the drug : polymer ratio resulted in
an improvement of MT percent loading, but entrap-
ment efficiency was slightly decreased, which could
be caused by the insufficient amount of ALG to
cover MT particles completely. The results obtained
from tests performed with an optical microscope
indicated that all formulations of microspheres had
spherical shape, smooth surface and did not aggre-
gate (Fig. 1). The morphology of microspheres for-
mulation F3 (with the highest MT loading) exam-
ined by scanning electron microscopy (SEM) is
shown in Figure 2. 

ζζ    potential

The stability of many systems is directly relat-
ed to the magnitude of their ζ potential. In general,
if the value of this parameter is more negative or

more positive, the system is more stable.
Conversely, if the microspheres ζ potential is rela-
tively closer to zero, the particles have a tendency to
aggregate. All performed formulations of micros-
pheres possessed negative ζ potential with value
from -61.33 ± 9.71 to -72.77 ± 9.21 mV (Table 1).
The negative charge of the microparticle surface is
mainly a result of the negative charge of ALG and -
CH2-CH2-OH group of MT (27). ALG is anionic
polymer with carboxyl and sulfate functional
groups, which give rise to an overall negative charge
at pH values exceeding the pKa of the polymer. It
was also observed that value of ζ potential
decreased with an increased amount of loaded MT. 

Swelling and mucoadhesive properties

Swelling is the first step in the formation of
bonds between polymer and mucous membrane and

Table 2. Mucoadhesive properties of formulations F1-F9.

Type of adhesive layer 

Formulation Gelatin Mucin Porcine vaginal mucosa

Fmax [N] Wad [µJ] Fmax [N] Wad [µJ] Fmax [N] Wad [µJ]

F1 0.12 ± 0.91 79.77 ± 0.17 0.22 ± 1.15 113.30 ± 0.41 0.19 ± 0.96 134.90 ± 0.36

F2 0.15 ± 1.10 89.23 ± 0.15 0.18 ± 0.98 112.50 ± 0.23 0.20 ± 1.15 136.43 ± 0.28

F3 0.23 ± 0.90 119.87 ± 0.45 0.27 ± 1.51 163.70 ± 0.52 0.15 ± 1.98 141.57 ± 0.25

F4 0.12 ± 0.91 86.00 ± 0.15 0.22 ± 1.85 104.60 ± 0.24 0.20 ± 1.91 175.30 ± 0.19

F5 0.18 ± 0.82 152.00 ± 0.26 0.31 ± 0.89 158.30 ± 0.82 0.23 ± 1.34 207.37 ± 0.65

F6 0.21 ± 0.58 153.80 ± 0.45 0.32 ± 1.67 183.83 ± 0.26 0.24 ± 0.67 262.27 ± 0.88

F7 0.11 ± 1.71 62.93 ± 0.14 0.11 ± 1.90 140.30 ± 0.24 0.14 ± 1.92 145.57 ± 0.19

F8 0.22 ± 1.23 100.60 ± 0.52 0.21 ± 1.56 138.30 ± 0.77 0.25 ± 1.35 160.23 ± 0.31

F9 0.24 ± 0.98 136.50 ± 0.49 0.19 ± 0.89 148.90 ± 1.10 0.28 ± 0.59 179.27 ± 0.28

Fmax ñ Maximum detachment force. Wad ñ Work of adhesion

Table 3. Models of MT release from formulations F3, F6 and F9 in SVF or 0.1 M HCl.

Zero order First order
Higuchi model

Korsmeyer-Peppas 
Formulation kinetics kinetics model

R2 K0 R2 KI R2 KH R2 KKP n 

SVF (pH 4.2)

F3 0.354 7.188 0.973 0.323 0.748 10.00 0.976 0.424 0.191

F6 0.564 8.969 0.995 0.260 0.881 20.82 0.956 0.412 0.205

F9 0.477 8.408 0.959 0.293 0.791 17.37 0.909 0.404 0.184

0.1 M HCl (pH 1.2)

F3 0.805 12.75 0.918 0.372 0.936 40.07 0.956 0.675 0.525

F6 0.771 12.14 0.957 0.353 0.925 36.89 0.954 0.633 0.463

F9 0.792 11.85 0.982 0.281 0.927 37.01 0.955 0.662 0.511
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in the creating a spatial network with adhesive prop-
erties (28). As it is shown in Figure 3A, in micros-
pheres examined in modified SVF, an initial rapid

rise of swelling ratio (SR) in the first 30 min in all
formulations was observed. The maximum swelling
was observed in formulation F4. It was also noted
that MT : ALG ratio had significant effect on SR.
Formulations with higher MT loading and lower
ALG content (F3, F6 and F9) were characterized by
lower swelling ability (Fig. 3A). Due to the faster
conversion of sodium alginate to the insoluble
alginic acid in more acidic pH, the rise of SR in
microspheres evaluated in 0.1 M HCl was signifi-
cantly weaker (Fig. 3B). 

Mucoadhesive properties were investigated
using TA.XT.Plus Texture Analyser and gelatin
discs, mucin gel and porcine vaginal mucosa as dif-
ferent adhesive layers. Porcine vaginal mucosa
model is often used to reflect behavior of dosage
forms in vivo because of its similarity to human
mucosa in terms of histology, ultrastructure and
composition (29). It was found that all formulations
were characterized by mucoadhesive properties
(Table 2). ALG swells and facilitates the adhesive
interactions with mucosa and contributes to the for-
mation of a cohesive layer. The numerous carboxyl
functional groups of ALG can form hydrogen bonds
with mucin molecules, thus producing some adhe-
sive force and electrostatic interactions between
polymer and adhesive layer (30, 31). Unexpectedly,
higher work of adhesion was observed in formula-
tions with lower amount of ALG (F3, F6 and F9).

In vitro MT release and mathematical models of

release profile

In vitro release of MT was examined from for-
mulations F3, F6, F9 (with the highest MT loading)
in SVF (pH 4.2) or in 0.1 M HCl (pH 1.2) (Fig. 4).
In SVF, after 0.5 h of the study, significant burst
release of MT was observed (75.76 ± 3.76%, 55.32
± 4.17% and 61.26 ± 3.91% of MT was released

Figure 1. Microscopic images of microspheres: F1 (A), F2 (B), F3
(C), F4 (D), F5 (E), F6 (F), F7 (G), F8 (H) and F9 (I) under mag-
nification 100◊

Figure 2. SEM images of microspheres formulation F3 under magnification 10 000◊ (A), 20000◊ (B) 
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from F3, F6 and F9, respectively) and drug was con-
tinuously released up to 4 h (Fig. 4A). Contrary, in
0.1 M HCl there was no burst effect, MT release was
significantly slower (80% of MT was released after
3 h) and sustained up to 6 h (Fig. 4B). Sustained MT
release in 0.1 M HCl is caused by the higher (at
acidic pH) conversion of sodium alginate to the
insoluble alginic acid.

Mechanism of MT release from obtained
microspheres was analyzed according to various
mathematical models: zero order kinetic, first order
kinetic, Higuchi model and KorsmeyerñPeppas
equation to find out the coefficient of correlation

(R2) and n value (Table 3). In Korsmeyer-Peppas
model, n is the release exponent and provides infor-
mation about mechanism of the drug release from
different geometry. When n takes a value of 0.43, it
indicates diffusion mechanism, n = 0.85 - indicates
swelling-controlled release, n between 0.43 and 0.85
ñ mechanism of drug release, which includes both
phenomena (anomalous transport) (18). In all for-
mulations examined in SVF, the obtained n values
were below 0.43 indicating diffusion as MT release
mechanism. Interestingly, in 0.1 M HCl solution,
value of n was above 0.43 indicating anomalous
transport based on both diffusion and swelling con-

Figure 3. Swelling ratio (SR) of microspheres formulations F1-F9 in SVF (pH 4.2) (A) and in 0.1 M HCl (pH 1.2) (B)
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trolled release. In all formulations, the highest value
of R2 was observed in first order kinetic model,
which indicates that MT release was concentration
dependent (Table 3).

Differential scanning calorimetric studies

The physical state of MT inside ALG micros-
pheres was assessed by thermal analysis. DSC ther-
mograms of MT, ALG and microspheres of formu-

lation F3 (with the highest drug loading) are shown
in Figure 5. Under the experimental conditions,
endothermic peak of sodium alginate close to
108.25OC was found indicating glass transition of
the polymer, and MT exhibited a sharp endothermic
peak at 163.45OC, corresponding to the melting
point of pure MT. In thermogram of microspheres
F3 sharp peak of MT was observed, suggesting that
drug was stable within the polymer matrix (32).

Figure 4. MT release from formulations F3, F6 and F9 in SVF (pH 4.2) (A) and 0.1 M HCl (pH 1.2) (B
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CONCLUSIONS

The obtained data suggest that ALG micros-
pheres with MT can be successfully prepared by the
spray drying technique. MT release and mucoadhesive
properties of the microspheres can be altered by vary-
ing the drug : polymer ratio and concentration of poly-
mer. The optimal formulation of microspheres ñ F3 is
characterized by the highest MT loading and sustained
MT release (up to 4 h in SVF and up to 6 h in 0.1 M
HCl). All microspheres possess swelling and mucoad-
hesive properties. The results of this study indicate
promising potential of ALG microspheres as alterna-
tive dosage forms for MT delivery. Preparation and
evaluation of gelatin capsules containing ALG micros-
pheres with MT and tableting these microspheres is
underway and will be described in a due course. 
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