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n ABSTRACT

The aim of this work was to prepare and evaluate novel
mucoadhesive donut-shaped tablets of baclofen for the gastric
retentive delivery of the drug. Drug release from donut-shaped
tablets followed approximately zero order, owing to constant
surface areas of drug release, caused by the special donut
geometry. Mucilaginous polymeric extract from Portulaca
oleracea Linn. leaves was used as a novel mucoadhesive agent
for gastric retention purposes. This mucilage displayed super-
ior gastric retentive and drug release properties during in vitro
dissolution and ex vivo permeation compared to synthetic
mucoadhesives such as Carbopol 940 (a cross-linked poly-
acrylate polymer) and sodium carboxymethylcellulose.

n ZUSAMMENFASSUNG

Entwicklung und Evaluierung von ringförmigen
Baclofen-Tabletten mit Portulaca oleracea Linn.-
Polymer
Ziel dieser Arbeit war die Herstellung und Bewertung neuarti-
ger mukoadhäsiver ringförmiger Baclofen-Tabletten zur ver-
längerten Aufnahme über die Magenschleimhaut. Aufgrund
der durch die Donut-förmige Geometrie gewährleisteten kon-
stanten Oberflächen zeigten die Tabletten ein Wirkstofffrei-
setzungsprofil von nahezu nullter Ordnung. Ein schleimiger
Polymerextrakt aus Portulaca oleracea Linn. diente als neuar-
tiges Mukoadhäsivum zur Wirkstoffretention im Magen. Die-
ser Schleimstoff zeigte in In vitro-Dissolutions- und Ex vivo-
Permeationstests eine bessere Magenretention und Wirkstoff-
freisetzung als die synthetischen Mukoadhäsiva Carbopol 940
(ein Polyacrylatpolymer) und Natrium-Carboxymethylcellu-
lose.

1. Introduction

Baclofen, a centrally acting muscle relaxant, acts by in-
hibiting polysynaptic reflexes at the spinal level by act-
ing as an analogue at the GABA-B receptor [1]. It is
widely used for the treatment of spinal cord injuries
and spasticity associated with diseases like multiple
sclerosis and amyotrophic lateral sclerosis [2, 3]. Tradi-
tionally, baclofen has been administered via intrathecal
injection [4] that is both difficult to administer and
hazardous to patients. When orally administered, there
is a narrow window of absorption of baclofen in the
stomach and proximal small intestine that necessitates
its gastric retentive delivery [5]. The drug’s absorption
is drastically reduced once it reaches the lower gastroin-
testinal tract [6]. Moreover, multiple administration of
baclofen, as a result of its short serum half-life of 2.5–
4 h [6], produces high incidence of adverse effects that
range from moderate to serious neuropsychiatric mani-
festations, cardiovascular toxicity and gastrointestinal
problems [4, 7]. Marketed oral formulations of baclofen
have been limited to orally disintegrating tablets, con-

ventional oral tablets, and
instant release tablets that
neither ensure site-specific
baclofen delivery in the
gastrointestinal tract nor
sustained release of the
drug [6]. This results in fluc-
tuating plasma drug levels
caused by multiple adminis-
trations enhancing the ad-
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veloping a gastric retentive sustained release oral deliv-
ery system of baclofen is a reasonable option from a
therapeutic viewpoint.

Mucoadhesive delivery systems provide consistent
gastric retentive drug delivery localized at target sites
in the upper gastrointestinal tract [8, 9] and intimate
contact with adherent mucus layer resulting in high
drug penetration across absorptive tissue [10, 11]. Mu-
coadhesion of dosage forms is achieved by incorporating
mucoadhesive polymers in formulations that bind with
carbohydrate residues like sialic acid on functional
glycoprotein components of mucus [12] through van
der Waals bond, electrostatic interactions and hydrogen
bond [13]. Traditionally used mucoadhesive polymers in-
clude synthetic and semi-synthetic cellulose derivatives
[14], hydrogels [15, 16], thiolated polymers [17] and ther-
moplastic polymers [18]. Mucilages extracted from nat-
ural edible sources offer viable alternatives as novel
polymeric materials for mucoadhesive drug delivery, be-
cause they preclude the drawbacks like low biocompat-
ibility and limited biodegradability associated with many
synthetic and semi-synthetic mucoadhesives [19].

Zero order drug release is rarely achieved with ordin-
ary matrix tablet systems due to decrease in effective sur-
face area of drug release with tablet dissolution. A novel
way for ensuring zero order drug release from matrix ta-
blets is by modifying the tablet geometry by creating one
or more central donut hole(s) in the tablet running across
the entire tablet thickness [20, 21]. Previous research has
proved that decrease in the outer surface area of drug re-
lease during donut tablet dissolution is compensated
with increase in the inner surface area, the total surface
area for drug release, thus, remaining constant through-
out dissolution [21, 22]. This compensation ensures con-
stant zero order release that may help to reduce fluctua-
tions in plasma drug levels of baclofen.

The present study aims at developing and optimizing
mucoadhesive donut tablets of baclofen for sustained
release gastric retentive delivery of the drug. Natural mu-
coadhesive mucilage extracted from Portulaca oleracea
Linn. leaves has been incorporated as a novel mucoadhe-
sive polymer and its mucoadhesive properties studied in
comparison to sodium carboxymethylcellulose (SCMC)
500–800 cp and Carbopol 940. Drug release kinetics of
the developed dosage form has also been studied.

2. Materials and methods

2.1 Materials
Baclofen was obtained as a gift sample from Sun Pharmaceutical In-

dustries Ltd., India. SCMC 500–800 cp, Carbopol 940, polyvinyl pyrroli-

done (PVP K30) and talc were purchased from S. d. fine-chem Ltd.,

Mumbai, India. Microcrystalline cellulose was purchased from Loba

Chemie, India. All other solid chemicals and solvents used were of ana-

lytical grade. Deionized double distilled water was used throughout all

experimental procedures. Glassware used was of borosil grade.

2.2 Extraction of mucilage from Portulaca
oleracea leaves
Leaves of Portulaca oleracea Linn. (family: Portulacaceae) contain high

amounts of mucilages [23] that were extracted by hot aqueous extrac-

tion [24]. The leaves were washed with water and cut into small uni-

form pieces. To the freshly cut pieces, approximately three volumes of

water were added. The pieces were boiled on a water-bath for 5 h. The

thick viscous solution was then strained through a clean muslin cloth.

The filtrate was diluted with three volumes of water and allowed to

settle overnight in a refrigerator. The upper clear supernatant liquid

portion was decanted the following day. The decanted supernatant

was concentrated in a rotary evaporator. The concentrate was cooled

to room temperature and precipitated with excess acetone. The preci-

pitate was further washed thrice with acetone and dried completely at

50 ± 1 °C to constant weight. The dried residue was finely powdered in

a mechanical grinder and stored in an airtight container.

2.3 Evaluation of physical properties of
mucoadhesive polymers
The pH of 1 %w/v aqueous solutions of natural and synthetic mucoad-

hesive polymers was measured by Toshniwal pH meter. Swellability

studies were conducted by dispersing 1 g of each mucoadhesive poly-

mer in 25 ml of water with a few drops of ethanol in 50 ml graduated

cylinders [25].

2.4 Evaluation of mucoadhesive strength
of polymers
Quantitative determination of mucoadhesive strengths of polymers

was made by shear stress analysis, tensile strength studies and zeta po-

tential measurements.

2.4.1 Shear stress analysis
Shear stress is calculated as the force acting tangentially to a surface

divided by the area of the surface. Shear stress measures the force that

causes the mucoadhesive material to slide with respect to the mucus

layer in a direction parallel to their plane of contact [13]. Shear stress

analysis was conducted using a specially designed apparatus. Two

smooth polished plexi glass blocks (lower and upper blocks) were se-

lected. The lower block was fixed on a smooth glass plate, which in

turn was fixed on a leveled table. To the upper block, a non-elastic

thread was attached, which was passed over a pulley. At the other

end of the thread, a plastic pan of negligible weight was attached for

weight collection. The length of the thread from the pulley to pan was

maintained at a constant value of 7 cm. Aqueous solutions of mucoad-

hesives at concentrations of 2.0 % w/v were prepared. 0.5 ml of the pre-

pared solution in each case was placed at the center of the fixed lower

block's top smooth surface. The upper block was then placed carefully

on the lower block and pressed by the application of a constant weight

of 100 g. Due care was taken to ensure uniform spreading of the poly-

meric solution at the interface of the smooth surfaces of the two

blocks. After maintaining the application of the constant weight of

100 gm for fixed time intervals of 5, 10, 15, 20 and 30 min, weights were

added on the pan with gradual increments until the upper block was

made to move slightly. This force was recorded as a measure of mu-

coadhesive strength of polymers.

2.4.2 Tensile strength studies
Tensile strength is defined as the resistance provided by a material to a

force tending to tear it apart in the longitudinal direction [13]. Tensile

strengths of aqueous solutions of the mucoadhesives were measured
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by the Park and Robinson method [26]. Gastric mucus, scrapped from

freshly excised porcine gastric mucus tissue, was separated from ad-

hering adipose layers and kept in lactated Ringer's solution. 2.0 % w/v

aqueous solution of each polymer was tested for tensile strength, under

a load of 10 g at varying time durations. Force necessary for detaching

the polymer from the mucosal surfaces was then recorded.

2.4.3 Zeta potential measurements
The potential associated with the “shear plane” of an electrical double

layer is known as zeta potential or electrokinetic potential that may be

defined as the potential between the tightly bound surface liquid bar-

rier or the “shear plane” of a dispersed particle and the bulk phase of

the solution. Mucus of the gastrointestinal tract contains functional

groups and moieties like sialic acid and sulfates that are negatively

charged. Thus, more positively charged polymers have greater affinity

to interact with mucus lining. Hence, the determination of the charges

of the mucus layer and the mucoadhesive polymers has been proposed

as a method to study mucoadhesive strength of polymers [27]. Freshly

excised porcine gastric mucus was defatted and mucosal homogenates

were prepared in pH 1.2 acid buffer at concentration of 0.05 % w/v. Mu-

coadhesive polymer solutions of concentrations of 0.05 % w/v were pre-

pared in pH 1.2 acid buffer. The zeta potentials of the finely dispersed

mucus suspensions and polymer suspensions were measured with Ze-

tasizer Nano ZS (0.6 nm to 6 mm) using DTS software (Malvern Instru-

ment Limited, GB) using M3-PALS technology. The zeta potentials

were measured in triplicate.

2.5 Preparation of mucoadhesive donut tablets
of baclofen
The compositions of formulation batches are provided in Table 1. Ac-

curately weighed amounts of baclofen, mucoadhesive polymers (SCMC

500–800 cp in formulation batches F1 to F3, Carbopol 940 in batches

F4 to F6 and P. oleracea leaf mucilage in batches F7 to F9), ethyl cellu-

lose, microcrystalline cellulose (directly compressible diluent), magne-

sium stearate (lubricant) and talc (lubricant and glidant) were sieved

through a 60-mesh screen to break possible lumps and blended follow-

ing the geometric dilution method. The powder mixes were com-

pressed into final tablets on a ten-station rotary tablet machine (Rimek

Mini Press I, Karnavati) using concave punches of 8.0 mm diameter,

with special modification for donut holing. Tablet holes had diameters

of 3 mm. The average final weight of a mucoadhesive donut tablet was

250 mg.

2.6 In vitro evaluation of tablets
2.6.1 Physical characterization of tablets
The tablets of each batch were evaluated for tablet weight variation

(Precisa XB 600 M-C Digital Balance), hardness (Monsanto Hardness

Tester), thickness (Digimatic Caliper, Mitutoyo Corporation) and fria-

bility (Friabilator, USP Electrolab EF-2).

2.6.2 Drug content of tablets
Twenty tablets of each batch were powdered in a clean mortar. An

amount of powder equivalent to 25 mg of baclofen was taken and ex-

tracted with 100 ml of 0.1 M hydrochloric acid and sonicated for

10 min. The solution was filtered, diluted with 0.1 M hydrochloric acid,

and assayed by UV/Visible spectrophotometer (Jasco V-550) at 266 nm

(absorption maxima of baclofen).

2.6.3 Tablet dissolution studies
Studies on drug release from donut tablets were conducted in pH 1.2

acid medium at 75 rpm and 37.0 ± 0.5 °C. 900 ml dissolution medium

was used per tablet. For the in vitro release studies, USP Dissolution

Apparatus II (Electrolab TDT-08L, USP XX111) was used. Five ml ali-

quots were withdrawn from the baskets with subsequent replenish-

ments using fresh dissolution medium, each time. For the first hour,

aliquots were withdrawn at 2, 15, 30 and 60 min with subsequent re-

plenishments. Thereafter, aliquots were withdrawn at intervals of 1 h.

The samples were assayed using UV/Visible Spectrophotometer (Jasco

V-550) at 266 nm without any dilutions.

2.6.4 Drug release kinetics
Dissolution data of tablets were fit to zero order (linear fit), as well as

transformed for other kinetics such as first order, Higuchi, Korsmeyer-

Peppas and Hixon-Crowell kinetic models. The R2 values of each model

were compared for all formulation batches. The model for which the R2

value was the closest to 1.00 was considered as the predominant model

for drug release, as that indicated closest clustering of data points on

linear regression line with least square minimization. From Korsmeyer-

Peppas plots, n values were obtained (n = slopes of the plots) that indi-

cated the predominance of either erosion or diffusion on drug release.

As Korsmeyer constant (k) can sometimes be a misleading parameter

while comparing release profiles, mean dissolution time (MDT) was

used as a kinetic drug release parameter [28]:

MDT ¼ ðn � k�1=nÞ=ðn þ 1Þ (1)
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n Table 1

Formulations of mucoadhesive donut tablets of baclofen.
Formulation No. Bac SCMC Carb PO EC MCC Talc Mg St

F1 10.0 35.0 15.0 35.0 3.0 2.0

F2 10.0 40.0 15.0 30.0 3.0 2.0

F3 10.0 45.0 15.0 25.0 3.0 2.0

F4 10.0 35.0 15.0 35.0 3.0 2.0

F5 10.0 40.0 15.0 30.0 3.0 2.0

F6 10.0 45.0 15.0 25.0 3.0 2.0

F7 10.0 35.0 15.0 35.0 3.0 2.0

F8 10.0 40.0 15.0 30.0 3.0 2.0

F9 10.0 45.0 15.0 25.0 3.0 2.0

All values in percentages. Bac: baclofen; Carb: Carbopol 940; PO: Portulaca oleracea leaf mucilage; EC: ethyl cellulose; MCC: microcrystalline
cellulose; Mg. St.: magnesium stearate.
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2.6.5 Evaluation of mucoadhesive strengths of tablets
Forces of detachment necessary to separate the mucoadhesive donut

tablets from mucosal surfaces indicate the strength of mucoadhesion

achieved with the prepared dosage forms. Freshly excised porcine gas-

trointestinal mucus was defatted and kept in lactated Ringer's solution

till further use. The mucoadhesive strength of each tablet was then de-

termined [29]. The mucoadhesive strength of tablets was deduced from

the minimum weights (in gm) necessary to detach the tablets from the

mucus surfaces.

2.6.6 Ex vivo permeation studies
In mucoadhesive delivery of drugs, drug release from dosage forms is a

function of both drug dissolution and transmucosal drug permeation.

Ex vivo permeation studies were conducted on the tablet batches to

analyze drug permeation. Ex vivo permeation studies were conducted

in the Frantz Diffusion Cell [30] containing pH 1.2 acid buffer (at

37 ± 0.5 °C, 50 ± 5 rpm) through freshly excised and defatted porcine

gastric mucus. Drug permeation fluxes (J) across experimental porcine

gastric mucus were compared [31].

2.6.7 Histological studies
Histological experiments were conducted to examine changes in the

histology of the gastric mucus membranes post ex vivo permeation stud-

ies. After the completion of the ex vivo permeation, the mucoadhesive

donut tablets were carefully removed from the mucus samples using

forceps. The post-permeation mucus membranes were then sectioned

and fixed in 10 % formalin solution. The finely sectioned mucus layers

were carefully placed on clean glass slides, stained with eosin and he-

matoxylin and examined under light Olympus CKX41 microscope

(Olympus Optical Co. Ltd, Tokyo, Japan). The photographs were taken

by Olympus SC 35 camera. As control, unused porcine gastric mucosa

was taken and sectioned, fixed, stained and observed similarly.

3. Results and discussion

3.1 Evaluation of P. oleracea mucilage
P. oleracea leaf mucilage has a complex arabinogalactan
structure similar to Gum Arabic and contains d-galac-
tose:l-arabinose:d-galacturonic acid:d-xylose: l-rhamnose
at a ratio of 40 : 20 : 5 : 1 : 31 [23]. Because of the presence
of high amounts of edible carbohydrates, mucilage ex-
tract is expected to show good mucoadhesive properties.
Strong mucoadhesive interactions might be formed with
sialic acid and other carbohydrate residues of mucin
[12]. Carbohydrates in P. oleracea leaf mucilage were iso-
lated by hot aqueous extraction process followed by or-
ganic solvent precipitation following established proce-
dure [32]. The yield was calculated to be 3.89 %w/w of
P. oleracea leaves.

The pH of 1 % w/w aqueous solution of P. oleracea
mucilage was found to be approximately 3.14, and, thus
close to the acidic pH of the stomach (pH 1 to 3). This
ensures that gastric mucosal irritation, if at all, will be
low. Of the synthetic mucoadhesives evaluated, SCMC
had a basic pH of 7.19, while Carbopol 940 had an acidic
pH of 2.63. Swollen volume of 1 g P. oleracea mucilage
was 9.75 ml while those of SCMC and Carbopol were
8.34 ml and 13.14 ml, respectively. Polymeric swelling is

an important criterion in mucoadhesion. Generally,
better swelling might be correlated with superior mu-
coadhesive properties [32]. However, in this case, a very
high swelling rate is undesirable, as that can close the
donut holes of tablets. This will affect the steady drug
release that we want to achieve with the donut geome-
try. P. oleracea mucilage showed optimum swelling indi-
cating its suitability for our studies.

In Fig. 1, the detachment forces of 2 % w/v mucoad-
hesive solutions measured by the shear stress method
are shown. In Fig. 2, tensile stress results on porcine gas-
tric mucosa are provided. The results of shear and ten-
sile stress analyses indicate that the mucoadhesive prop-
erties of P. oleracea mucilage are somewhat superior as
compared to SCMC. These results correlated with the
greater swelling volume achieved with P. oleracea than
SCMC. The average shear strength of P. oleracea muci-
lage also exceeds that of Carbopol, especially at higher
polymer concentrations and greater contact times
(Fig. 1), but experiments with excised mucus (Fig. 2) in-
dicated much superior mucoadhesion of the natural
mucilage than Carbopol. Thus, experiments with biologi-
cal substrates underlined the hypothesis that very high
swelling rates of polymers do not necessarily result in
superior mucoadhesion. This is because at high swelling,
the polymer surfaces tend to be more slippery that can
compromise mucoadhesion [33]. In fact, the mucoadhe-
sion achieved with Carbopol was almost similar to that
of SCMC, even though polymeric swelling of the former
was almost ~ 58 % higher than the latter.

Zeta potential of porcine stomach mucus homog-
enate in pH 1.2 acid buffer was found to be – 23.12 mV.
High negative zeta potential of gastric mucus homoge-
nate was probably due to the presence of sialic acid
and sulfate residues in glycoprotein component of mu-
cus [12]. Zeta potentials of polymer dispersions (0.05 %
w/v in pH 1.2 acid buffer) were – 11.28 mV for P. olera-
cea mucilage, – 14.36 mV for Carbopol 940 and
– 17.35 mV for SCMC 500–800 cp. Of the polymer dis-
persions, SCMC had the lowest zeta potential owing to
its strong anionic nature. The values of zeta potential
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Fig. 1: Detachment forces of mucoadhesive polymer solutions
(2.0 % w/v) measured by shear stress analysis.
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measurements in pH 1.2 acid buffer correlated with the
mucoadhesive strength of the polymers (P. oleracea mu-
cilage > Carbopol 940 > SCMC 500–800 cp). The poly-
mer with the highest zeta potential (P. oleracea muci-
lage) with respect to gastric mucus homogenate had
the strongest mucoadhesive potential as indicated by
the detachment forces (Fig. 1 and 2). This was due to
stronger electrostatic interactions between charged spe-
cies of mucin and polymer.

3.2 Optimizing the donut geometry
Drug release from donut tablets generally followed a
steady linear release (aka approaching zero order). Pre-
vious studies have indicated that 2-hole or 3-hole tablets
would result in more linear drug release compared to
single hole donuts [34, 35]. However, having 2 or 3 holes
would substantially reduce the drug-carrying space of
tablets [22]. Moreover, release from multi-holed tablets
would be extremely fast that will negate the sustained
release necessary in our case.

Size of donut hole is an important parameter in de-
termining the extent to which drug release would follow
zero order kinetics. In our research, tablets with 3 mm

hole diameters ensured zero order release for ~ 95% of
the release duration. Smaller donut holes resulted in
closure of holes during tablet dissolution due to polymer
swelling. On the contrary, tablets with holes exceeding
3 mm diameters released drugs very rapid. Interestingly,
zero order R2 was drastically reduced when the hole
diameter was 4 mm or higher, indicating deviation from
the linear model. So, the optimized hole diameter for
8 mm donut tablets was ~ 3 mm. In Fig. 3, the effects of
the hole size on drug release have been shown.

Mucoadhesive donut tablets were prepared by the
direct compression method as the compressibility of
powder mixes for all formulation batches was found to
be good. The average weight of the tablets was 248.87 ±
0.07 mg (n = 20). Average hardness was 5.13 ± 0.13 kg/
cm2 (n = 10) and average crown-to-crown thickness of
the tablets was 5.23 ± 0.02 mm (n = 20). The average
friability was 0.23 ± 0.07 % (n = 20). Compressibility was
determined by evaluating compressibility indices of
powders that ranged between 12.6 and 18.9 %. Compres-
sibility index values of less than 15% indicate excellent
compressibility, while values up to 25% indicate reason-
able compressive properties [36]. Microcrystalline cellu-
lose (MCC) was used as the diluent due to its excellent
direct compression properties [37]. In our tablets, the ef-
fect of baclofen loading was studied at three levels: 5, 10
and 15% for the individual polymer system. A 10%
baclofen loading in tablets provided the most linear drug
release and essentially followed zero order kinetics
(Table 2). A 5% loading resulted in shorter release dura-
tion, while 15% loading in tablets led to marked devia-
tion of the release from linearity. As a twice-daily formu-
lation is aimed at, 10% (w/w) loading was used in all
formulations. Drug content of the prepared donut tab-
lets ranged between 97.65% and 101.11%.

The prepared tablets were subjected to the mucoad-
hesive strength determination analysis, using porcine
gastric mucus tissue (Table 3). The superior mucoad-
hesive strength of P. oleracea mucilage compared to the
synthetic polymers was clearly visible in our studies. For
each polymer system, mucoadhesion of the donut tab-
lets increased with increasing mucoadhesive polymer
levels.

3.3 Drug release studies
After the release of baclofen from conventional oral tab-
lets, the drug’s dissolution in both gastric and intestinal
fluids is fast [6]. This occurs even though baclofen’s
aqueous solubility is very low at room temperature [6].
But this low aqueous solubility corresponds to the
unionized form of the drug. Baclofen possesses both
amino and carboxylic acid groups, and as such, exhibits
amphoteric properties with two dissociation constants,
pKa1 = 9.6 (corresponding to amino moiety) and
pKa2 = 3.8 (corresponding to carboxylic moiety). At
pH 7, the solubility of the drug is very low as it exists in

Pharm. Ind. 72, Nr. 11, 1963–1972 (2010)
© ECV · Editio Cantor Verlag, Aulendorf (Germany) Chattoraj · Mucoadhesive baclofen tablets 1967

Fig. 2: Detachment forces of mucoadhesive polymer solutions
(2.0 % w/v) using porcine gastric mucus tissue.

Fig. 3: Effect of donut hole size on drug release from tablets.
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zwitterionic form at its isoelectric point. But, in acidic
pH of the stomach or in the basic pH of intestine, the
drug is ionized and solubility increases [38]. So, the fast
drug dissolution after release from conventional tablets
adds to the drug's short action. We, thus, need to slow
the release rate as once released, baclofen’s dissolution
will be rapid in gastric pH. Mucoadhesive polymers pos-
sess release retardant property and can be expected to
slow down baclofen release. However, to ensure sus-
tained release, we added hydrophobic ethyl cellulose at
the same levels in all batches as an additional release re-
tardant.

In Table 4, the in vitro tablet dissolution parameters
are provided. Release was faster from SCMC batches
(F1 – F3), while P. oleracea mucilage caused prolonged
drug release (especially formulations F8 and F9). Factor
“n” of the Korsmeyer-Peppas model indicates release
mechanism depending on aspect ratio of tablets, i. e. the
ratio of diameter to thickness of tablets [39]. Interpreta-

tion of n values is as follows: 0.43 – 0.5 = Fickian (Case I)
diffusion, 0.5 – 0.89 = anomalous diffusion, 0.89 – 1 = pre-
dominant erosion, 1 = pure erosion (case II) and > 1 = su-
per case II [40]. In most of our formulation batches, the
release followed the super case II mechanism with n > 1
(Table 4). MDT is a measure of release-retarding capacity
of polymers, a higher MDT indicating better retarding
efficacy [41]. At higher levels of mucoadhesive polymers,
MDT levels were found to be higher (Table 4) indicating
that these polymers had good release-retarding proper-
ties. Carbopol was found to be a better retardant than
SCMC with higher MDT values. This was probably due
to the formation of a glassy matrix caused by microgel
cross-linking of Carbopol in aqueous medium. Highest
MDT values of P. oleracea mucilage among the three
mucoadhesives indicated the superior release-retardant
efficacy of this mucilage over the synthetic alternatives.
The in vitro drug release profiles from mucoadhesive
donut tablets are shown in Fig. 4.

As drug release from mucoadhesive tablets is a func-
tion of both tablet dissolution and drug permeation
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n Table 2

Effect of baclofen loading on drug release from mucoadhesive donut tablets (n = 3).
Mucoadhesive level
in donut tablet

Drug load
(% w/w)

Cumulative percent
drug released (%)

Drug release
duration (h)

R2

(zero order)
SCMC 500–800 cp
(40 % loading)

5 99.60 ± 3.89 7 0.97 ± 0.02

10 99.71 ± 2.46 11 0.99 ± 0.07

15 97.84 ± 3.21 14 0.97 ± 0.03

Carbopol 940
(40 % loading)

5 98.20 ± 3.96 7 0.96 ± 0.05

10 98.66 ± 3.67 12 0.99 ± 0.03

15 94.91 ± 3.86 14 0.97 ± 0.10

P. oleracea
(40 % loading)

5 96.90 ± 4.11 8 0.98 ± 0.09

10 95.80 ± 3.66 12 0.99 ± 0.05

15 99.31 ± 3.65 15 0.96 ± 0.05

n Table 3

Mucoadhesive strength of donut tablets deter-
mined with excised porcine gastric mucus
(n = 3).
Formulation

No.
Mucoadhesive strength of tablets
Weight of

detachment (g)
Force of muco-
adhesion (dynes)

F1 21.9 ± 2.31 21 462

F2 23.9 ± 1.36 23 422

F3 25.1 ± 1.59 24 598

F4 26.5 ± 2.03 25 970

F5 28.2 ± 2.16 27 636

F6 29.4 ± 1.92 28 812

F7 27.2 ± 1.44 26 656

F8 30.3 ± 2.71 29 694

F9 33.1 ± 1.87 32 438

Fig. 4: In vitro drug release from mucoadhesive donut tablets
of baclofen.
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across the mucosa, ex vivo permeation studies are neces-
sary for mucoadhesive tablets. In Table 5, the diffusion
parameters of permeation studies are. Drug permeation
from SCMC tablets (F1 – F3) lasted typically about 9 to
10 h. Polymers with higher retarding efficacies like Car-
bopol and P. oleracea mucilage resulted in more pro-
longed permeation of drug across mucus. For P. oleracea
mucilage, drug flux, which indicates the rate of permea-
tion, was about 0.2 – 0.25 mg/(mm26min), which was
less compared to the other two polymers. This again in-

dicated greater retarding efficacy of this mucilage. In
general, for all polymers, flux decreased with increase
in mucoadhesive polymer levels at constant ethyl cellu-
lose loadings. Histological studies indicated that no sig-
nificant morphological alterations in porcine mucus sec-
tions occurred as a result of mucoadhesive drug delivery
(Fig. 5 A–D). Taking into consideration mucoadhesion,
in vitro drug dissolution and ex vivo permeation, formu-
lation F9 was the best for getting prolonged release of
baclofen.
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n Table 4

In vitro tablet dissolution parameters (n = 3).
Formu-
lation
No.

Drug
release
duration

(h)

Cumulative
percent
drug

released
(%)

R2 Rel
Mech

Rel
Order

MDT
Zero First Higuchi Kors Hixon n

F1 9 99.00 ± 3.33 0.9939 ±
0.060

0.8793 ±
0.067

0.9736 ±
0.054

0.9906 ±
0.077

0.8667 ±
0.071

0.9555 ±
0.065

Ero Zero 0.711 ±
0.056

F2 10 99.47 ± 3.88 0.9925 ±
0.059

0.8026 ±
0.067

0.9613 ±
0.082

0.9898 ±
0.106

0.8878 ±
0.084

1.0341 ±
0.078

S C II Zero 0.781 ±
0.077

F3 11 99.85 ± 4.01 0.9935 ±
0.063

0.7283 ±
0.089

0.945 ±
0.100

0.9875 ±
0.045

0.9062 ±
0.054

1.0052 ±
0.091

S C II Zero 0.812 ±
0.052

F4 11 99.92 ± 3.12 0.9882 ±
0.058

0.8863 ±
0.053

0.9558 ±
0.066

0.9824 ±
0.055

0.8850 ±
0.047

1.1094 ±
0.088

S C II Zero 0.792 ±
0.101

F5 11 97.64 ± 2.85 0.9929 ±
0.064

0.8946 ±
0.047

0.9635 ±
0.041

0.9879 ±
0.018

0.8799 ±
0.061

1.0114 ±
0.094

S C II Zero 0.848 ±
0.081

F6 12 95.97 ± 3.33 0.9941 ±
0.061

0.9010 ±
0.036

0.9360 ±
0.049

0.9906 ±
0.061

0.9088 ±
0.070

1.1327 ±
0.076

S C II Zero 0.887 ±
0.064

F7 10 99.21 ± 2.98 0.9895 ±
0.045

0.8760 ±
0.045

0.9706 ±
0.073

0.9940 ±
0.084

0.8656 ±
0.053

1.0067 ±
0.047

S C II Kors 0.879 ±
0.056

F8 12 99.83 ± 2.46 0.9933 ±
0.048

0.7789 ±
0.036

0.9683 ±
0.034

0.9798 ±
0.062

0.8653 ±
0.050

1.0061 ±
0.046

S C II Zero 0.907 ±
0.034

F9 12 93.95 ± 2.89 0.9959 ±
0.048

0.9343 ±
0.072

0.9472 ±
0.024

0.9633 ±
0.054

0.8940 ±
0.067

1.0340 ±
0.043

S C II Zero 0.996 ±
0.060

Notations: Kors: Korsmeyer-Peppas kinetic model; MDT: mean dissolution time of tablets; Ero: predominant erosion; SCII: super case II
release.

n Table 5

Ex vivo permeation parameters of mucoadhesive donut tablets (n = 3).
Formulation No. Duration of drug

permeation (h)
Mean cumulative

percent drug
permeated (%)

Flux
J

mg/(mm26min)

R2

F1 9 99.27 0.3008 0.9631

F2 9 98.53 0.2757 0.9702

F3 10 99.04 0.2573 0.9777

F4 9 98.23 0.2774 0.9835

F5 10 99.19 0.2604 0.9895

F6 12 99.55 0.2171 0.9834

F7 11 98.59 0.2411 0.9707

F8 12 98.02 0.2131 0.9882

F9 12 95.97 0.2086 0.9921



N
ur für den privaten oder firm

eninternen G
ebrauch / For private or internal corporate use only

4. Conclusion

Through our research, we prepared and evaluated a novel
mucoadhesive donut-shaped tablet for the gastric reten-
tive delivery of baclofen. This controlled release delivery
system ensured prolonged baclofen delivery that followed
linear release kinetics. Such a delivery was intended to
maximize the drug’s efficacy by promoting its absorption
from the absorption window in the stomach and, thus, re-
duce its toxicity. A novel mucoadhesive from Portulaca
oleracea leaf mucilage was extracted and evaluated in
comparison with standard synthetic mucoadhesives.
High MDT values during tablet dissolution and low flux
across porcine mucus tissues indicated good release-re-
tardant potential of this polymeric mucilage. Further,
force of detachment studies and zeta potential evalua-
tions indicated the superior mucoadhesive properties of
the mucilage compared to SCMC and Carbopol.
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