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Abstract: Mucoadhesive alginate microspheres of carvedilol

(CRV) for nasal administration intended to avoid first pass

metabolism and to improve bioavailability were prepared

and evaluated. The microspheres were prepared by emulsifi-

cation cross-linking method. Radiolabeling of CRV and its

microspheres was performed by direct labeling with reduced

technetium-99m (99mTc). In vivo studies were performed on

New Zealand white rabbits by administering the micro-

spheres intranasally using monodose nasal insufflator. The

radioactivity was measured in a well-type gamma scintillation

counter. The noncompartmental pharmacokinetic analysis

was performed. The pattern of deposition and clearance of

the microspheres were evaluated using a radioactive tracer

and the noninvasive technique of gamma scintigraphy. The

clearance of alginate microsphere was compared with that of

control lactose. The microspheres were nonaggregated, free

flowing powders with spherical shape, and smooth surface.

Pharmacokinetics study displayed an increase in area under

the curve and hence in relative bioavailability when

compared with intravenous administration of drug. The nasal

bioavailability was 67.87% which indicates that nasal admin-

istration results in improved absorption of CRV. The results

of gamma scintigraphy showed that the alginate micro-

spheres had significantly reduced rates of clearance from the

rabbit nasal cavity when compared with the control lactose.
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INTRODUCTION

The nasal route for systemic drug delivery is of interest
because it provides several advantages over other routes of
drug administrations. These have been suggested as follows:
rapid absorption, avoidance of the intestinal and hepatic
presystemic disposition, fast onset of therapeutic action,
avoidance of irritation of the gastrointestinal membrane,
noninvasive administration, ease of convenience, and self-
medication, improved patient compliance.1–3

Nasal mucociliary clearance is one of the most important
limiting factors for nasal drug delivery. It severely limits the
time allowed for drug absorption to occur and effectively
prevents sustained nasal drug administration. Thus, to
retain the drug in the nasal cavity, a particle formulation
would be preferable to solution.4 In addition, mucoadhesive
polymers have been introduced to prepare microparticles,
which could further overcome problems of poor bioavaila-

bility by increasing the residence time at the applied site.
Mucoadhesion requires a highly expanded and hydrated
polymer network, which could promote an intimate contact
between microspheres and the mucus layer.5 Thus, mucoad-
hesive microspheres have been developed to decrease the
effect of mucociliary clearance.6–15 The microparticles form
a gel-like layer, which is cleared slowly from the nasal cav-
ity, resulting in a prolonged residence time of the drug for-
mulation. Mucoadhesive microspheres significantly increase
the systemic absorption of conventional drugs as well as
polypeptides across the nasal membrane without the use of
absorption enhancing agents that have the potential for irri-
tation or damage.16

Alginate is an anionic mucoadhesive polymer, which is
known for its ability to create hydrogen bonds with mucin-
type glycoproteins through carboxyl–hydroxyl interactions.17

This anionic biopolymer is used in many pharmaceutical
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and biotechnological applications.18 Sodium alginate is a
water-soluble, natural, linear polysaccharide that is most
widely used as a polymer matrix due to its nontoxicity,
biocompatibility, and gel formation ability.19 It has been
reported that polyanion polymers are more effective bio-
adhesives than polycation polymers or nonionic poly-
mers.20 Sodium alginate develops a simple and rapid gela-
tion with divalent metal ions such as Ca2þ. Therefore, it
has been used frequently as the matrix to prepare micro-
particles. It can be cross-linked with divalent or polyva-
lent cations to form an insoluble meshwork. Ca2þ and
Zn2þ have been reported for cross-linking of acid groups
of alginate.21

The present study aimed to prepare and evaluate
mucoadhesive alginate microspheres of carvedilol (CRV)
for nasal administration, which would avert first pass me-
tabolism and to improve bioavailability for treatment of
hypertension and angina pectoris. The microspheres were
prepared by emulsification cross-linking. The radiolabeling
of alginate microspheres is described. The clearance char-
acteristics of the microspheres after nasal administration
to rabbits were investigated using the noninvasive tech-
nique of gamma scintigraphy. In vivo studies were per-
formed on rabbit, which is one of the preferred animal
models for pharmacokinetic studies in nasal drug
delivery.

MATERIALS AND METHODS

Materials
CRV, a water-insoluble drug, was a gift from Torrent
Research Centre (Ahmedabad, India). Sodium alginate (mo-
lecular weight 3.2 � 105, determined by viscosity), n-octa-
nol, calcium chloride, and Span 80 were procured from S. D.
Fine Chemicals (Mumbai, India). Stannous chloride dihy-
drate (SnCl2�2H2O) was purchased from Sigma Chemical
Company, St. Louis, MO. Sodium pertechnetate, separated
from molybdenum-99 (99m) was provided by Regional Cen-
ter for Radiopharmaceutical Division (northern region),
Board of Radiation and Isotope Technology, New Delhi,
India. All other chemicals and reagents used in the study
were of analytical grade.

Preparation of alginate microspheres
Carvedilol was dispersed in an aqueous solution containing
3%, w/v sodium alginate. The solution was dispersed in n-
octanol containing 2%, v/v Span 80 using a mechanical stir-
rer (Remi Stirrer, Mumbai, India) at 1800 rpm. The ratio of
the aqueous to n-octanol phase used was 1:20. The result-
ant w/o emulsion was stirred for 30 min. Calcium chloride
solution was added drop wise and the dispersion was
stirred for another 5 min. The microspheres were collected
by vacuum filtration, washed thrice with isopropyl alcohol,
and dried in air at room temperature.13

Radiolabeling of alginate microspheres
Alginate microspheres containing carvedilol (ALCRV) were la-
beled with technetium-99m (99mTc) by direct labeling method
as described by Tafaghodi et al.22 The radiolabeling procedure
was performed in the presence of the powerful reducing agent,
stannous chloride. The stannous ion reduces 99m-technetium
from the þ7 oxidation state to the more reactive þ5 oxidation
state to promote binding. Ten milligrams of microspheres were
suspended in the labeling medium containing 0.5 mL of normal
saline, 50 lL stannous chloride (5 mg/mL) and 1 mL techne-
tium-99m pertechnetate eluate containing about 3 mCi of ac-
tivity and pH was adjusted to 6.5 using 0.5M sodium bicarbon-
ate. The mixture was left under continuous stirring for about
10 min and separated by centrifugation. Microspheres were
washed with 2 � 5 mL sterile distilled water and supernatants
were collected. The labeled microspheres were washed with
acetone (2 � 5 mL). Microspheres were separated by centrifu-
gation and dried by incubation at 60�C for 30 min.

Radiolabeling of carvedilol
Carvedilol was labeled with technetium-99m (99mTc) by
direct labeling method. A mixture containing 40 lL stan-
nous chloride (5 mg/mL) and 0.5 mL technetium-99m per-
technetate eluate containing about 1 mCi of activity was
added to 1 mL of drug solution (2 mg/mL) and pH was
adjusted to 7.4 using 0.5M sodium bicarbonate. The mixture
was incubated for 30 min at room temperature.

Radiolabeling of lactose
Lactose powder was labeled as above and used in animal
studies as a negative control. Lactose powder (20 mg) was
dissolved in the above-mentioned labeling media and incu-
bated for 10 min, followed by addition of 10 mL acetone.
The labeled lactose was desolvated and precipitated in the
presence of acetone. Supernatant was decanted and powder
was washed with acetone and dried in 60�C for 30 min.

Determination of labeling efficiency of carvedilol and
microspheres
The labeling efficiency was determined by ascending instant
thin layer chromatography (ITLC) using silica gel (SG)-
coated fiber sheets (Gelman Sciences Inc, Ann Arbor, MI).
The ITLC was performed using 100% acetone or 0.9% sa-
line as the mobile phase. About 2–3 lL of the radiolabeled
complex (in the case of microspheres before washing step)
was applied at a point 1 cm from the end of an ITLC-SG
strip. The strip was developed in acetone or 0.9% saline,
and the solvent front was allowed to reach at the top. The
strip was cut into two halves, and the radioactivity in each
segment was measured in a shielded well-type gamma scin-
tillation counter (Caprac-R, Capintec, USA).

The radiolabeling efficiency was evaluated with ITLC-SG
strips as stationary phase and acetone 100% as the mobile
phase.

%Radiolabeling ¼ Radioactivity ðcountsÞ retained in the lower half of the strip
Initial radioactivity associated ðtotal count presentÞ with the strip

� 100
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Stability study of 99mTc–CRV/microsphere complexes
The in vitro stability study of 99mTc–CRV/Microsphere com-
plexes was determined using 0.9% sodium chloride and rab-
bit serum by ascending thin layer chromatography. The
complex (0.1 mL) was mixed with 1.9 mL of normal saline
(0.9% sodium chloride) or rabbit serum and incubated at
37�C. ITLC was performed at different time intervals up to
24 h to assess the stability of the complex.

Histopathological studies
Histopathological studies were performed using isolated
sheep nasal mucosa. The nasal mucosa tissues were care-
fully removed from the nasal cavity of sheep obtained from
the local slaughterhouse. Tissues were immediately used af-
ter separation. Histopathological evaluation of tissue incu-
bated in phosphate buffer (pH 6.2) was compared with tis-
sue incubated in the diffusion chamber of Franz cell with
microsphere formulations. After treatment for 4 h, tissue
was fixed in 10% buffered formalin (pH 6.2), routinely proc-
essed, and embedded in paraffin. Paraffin sections were cut
on glass slides and stained with hematoxylin and eosin. The
sections were examined by optical microscopy, to examine
the morphological changes to the tissue by a pathologist
blinded to the study.23

In vivo studies
The in vivo studies were performed following the guidelines
approved by the Committee for the Purpose of Control and
Supervision of Experiments on Animals, Ministry of Social
Justice and Empowerment, Government of India. The animal
protocol was duly approved by the Institutional Animal
Ethics Committee.

A total of 12 New Zealand white rabbits weighing 2.5–
3.5 kg were divided in two groups. The animals were fasted
overnight prior to the experiment, with free access to water.
To one group of rabbits, radiolabeled microspheres (approx-
imately 5–10 mg) were administered intranasally using
monodose insufflator (Miat, Milano, Italy). Radiolabeled CRV
was administered intravenously to the other group (0.5
mL). Blood samples were withdrawn from the marginal ear
vein of the rabbits at selected time intervals. The radioactiv-
ity in terms of counts per minute (cpm) was measured in a
well-type gamma scintillation counter (Caprac-R, Capintec,
USA). The animals were conscious during the whole experi-
ment and between each blood sampling they were allowed
to move freely within an enclosed area.

Pharmacokinetics analysis
The noncompartmental pharmacokinetic analysis was per-
formed by Kinetica 5.0 (Thermo Fisher Scientific, USA) and
maximum plasma concentration (Cmax), its time of occurrence
(Tmax), and the area under the curve (AUC) were determined
from the individual time versus radioactivity profiles. The bi-
oavailability (F) of the intranasal (IN) dose of microsphere
formulation was calculated with the following equation:

F ¼ AUCIN � DoseIV
AUCIV � DoseIN

� 100%

Here AUCIN and AUCIV are the individual areas under
radioactivity time curves of each rabbit administered micro-
spheres containing CRV (DoseIN) intranasally and that of the
free CRV solution administered intravenously (IV),
respectively.

Gamma scintigraphy
The deposition, distribution, and subsequent clearance of
microspheres and lactose were studied by gamma scintigra-
phy and imaging was performed immediately at 0, 1, 2, 3,
and 4 h post administration of microspheres to nasal cavity
of rabbits using a Single Photon Emission Computerized To-
mography (SPECT, LC 75-005, Diacam, Siemens AG, Earlan-
gan, Germany) gamma camera. The quantification of the
data was made defining region of interest around the desir-
able area of the nasal cavity. The highest count rate at 0
min after dosing was assigned a 100% value, which was
then used to calculate the percentage remaining for the
other time point.

Statistical data analysis
Statistical tests of significance were performed using Stu-
dent’s t-test and differences were considered to be statisti-
cally significant when P < 0.05.

RESULTS AND DISCUSSION

Radiolabeling of carvedilol and its microspheres
99mTcO4- was used because of easy availability, cost effec-
tiveness, and low radiation dose. Since half-life of 99mTcO4-

is 6 h as compared to 60 days for 125I, it presents less radi-
ation burden. 99mTc has been used to directly label the pre-
pared microspheres based on using stannous chloride as a
reducing agent. Chemically, 99mTcO4- is a nonreactive species
and does not label any compound by direct addition. In
99mTc-labeling of many compounds, prior reduction of
99mTcO4- from 7þ state to a lower oxidation state (4þ) is
required.

The alginate microspheres (ALCR) and CRV were labeled
with high efficiency by the direct labeling technique using
reduced 99mTc. Table I depicts the effect of pH on labeling
efficiency. As the pH increased from 6 to 6.5, the radiolabel-
ing efficiency increased from 91.45 to 97.25% for ALCRV.
Further increase in the pH upto 8 led to reduction in the
labeling efficiency. As the pH increased from 6 to 7, the
radiolabeling efficiency also increased from 94.37 to
98.84% for CRV. Further increase in the pH upto 8 led to
reduction in the labeling efficiency of 90.47%.

Table II shows the effect of incubation time on labeling
efficiency. The incubation time required for high labeling ef-
ficiency was 10 min for ALCR and 30 min for CRV. Further
increase in incubation time did not increase the labeling ef-
ficiency considerably. The amount of stannous chloride
(reducing agent) used for labeling plays a very decisive role
in determining labeling efficiency. A large amount of stan-
nous chloride led to the formation of radiocolloids
(reduced/hydrolyzed 99mTcO4-), which is undesirable. Con-
versely, smaller amounts of stannous chloride result in poor
labeling.24,25 Table III shows the effect of various
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concentrations of stannous chloride (SnCl2�2H2O) on label-
ing efficiency. By varying the amount of stannous chloride
from 50 to 300 lg, but keeping the other factors like pH
and incubation time constant, the influence on labeling effi-
ciency was studied. With increase in stannous chloride
amount from 50 to 250 lg, the labeling efficiency was
increased from 86.42 to 97.84% for ALCR. Further increase
in the amount of stannous chloride led to a reduction in
labeling efficiency. With increase in stannous chloride
amount from 50 to 200 lg, the labeling efficiency was
increased from 91.45 to 98.64% for CRV. Further increase
in the amount of stannous chloride upto 300 lg led to a
reduction in labeling efficiency.

Stability study of 99mTc–CRV/microsphere complexes
The in vitro stability of the labeled formulations (99mTc–
CRV/microsphere complexes) was evaluated in saline and in
rabbit serum at 37�C for 24 h. All formulations exhibited
good in vitro stability as shown in Table IV. It is evident
from the results that there is insignificant detachment of
the radioisotope from the complex. There was no significant
reduction in the radiolabeling efficiency upto 24 h, which
indicates its stability and suitability for in vivo use.

Histology studies
The morphologic changes in the nasal mucosa caused by
drugs, enhancers, or other formulation additives, may result
in damage to the ability of the nasal mucosa to carry out its
normal defense functions. In addition, chronic infection may
occur when recovery or regeneration of the normal epithe-
lium cannot be achieved.26 Thus, it is important to study
the histology of the nasal mucosa with the formulation. The
histology of control and treated nasal mucosa is shown in

Figure 1. The microscopic observations indicated that the
formulation has no significant effect on the microscopic
structure of sheep nasal mucosa. The surface epithelium lin-
ing and the granular cellular structure of the nasal mucosa
were totally intact. No major changes in the ultrastructure
of mucosa morphology could be seen and the epithelial cells
appeared mostly unchanged. Neither cell necrosis nor re-
moval of the epithelium from the nasal mucosa was
observed after diffusion study as compared with control
mucosa treated with phosphate buffer pH 6.2. Thus, the
microsphere formulation seems to be safe with respect to
nasal administration.

Pharmacokinetics studies
The blood kinetics data (blood radioactivity time profiles) of
CRV solution injected intravenously and the microsphere
formulations (ALCR) administered intranasally to rabbits at
various time intervals is shown in Figure 2. The relevant
pharmacokinetic parameters including maximum concentra-
tion (Cmax), time of maximum plasma concentration (Tmax),
the AUC, half-life (T1/2), mean residence time (MRT), elimi-
nation rate constant (Kel), and relative bioavailability (F) are
shown in Table V.

The Cmax values observed after intranasal administration
of ALCR was 64.85 6 4.15 kcpm/g. The AUC after intranasal
administration of ALCR and CRV solution intravenously
were about 215.83 6 18.56 and 54.06 6 6.45 kcpm h/g,
respectively, which was statistically significant (p > 0.05;
Student’s t-test). The average T1/2 values were 2.30 6 0.98
and 1.99 6 0.32 h for ALCR nasally and following IV

TABLE I. Effect of pH on the % Radiolabeling Efficiency of

Microspheres and Carvedilol

pH

Radiolabeleda(%)

ALCR CRV

6 91.45 6 1.94 94.37 6 1.65
6.5 97.25 6 1.31 96.22 6 1.15
7 94.37 6 1.68 98.84 6 1.34
7.5 92.64 6 1.48 93.78 6 1.38
8 90.34 6 1.32 90.47 6 1.54

a Mean 6 SD, n ¼ 3.

TABLE II. Effect of Incubation Time on the % Radiolabeling

Efficiency of Microspheres and Carvedilol

Incubation
Time (min)

Radiolabeleda(%)

ALCR CRV

0 94.68 6 1.73 95.22 6 2.48
10 97.86 6 1.84 95.38 6 1.78
20 96.74 6 2.14 96.34 6 0.86
30 96.12 6 1.32 98.55 6 1.94
40 95.36 6 2.36 98.26 6 1.46

a Mean 6 SD, n ¼ 3.

TABLE III. Effect of Stannous Chloride Concentration on the

% Radiolabeling Efficiency of Microspheres and Carvedilol

Amount of Stannous
Chloride (lg)

Radiolabeleda(%)

ALCR CRV

50 86.42 6 1.85 91.45 6 1.68
100 90.56 6 1.67 95.35 6 1.25
150 93.14 6 1.24 96.34 6 0.86
200 95.67 6 0.96 98.64 6 1.42
250 97.84 6 1.14 88.36 6 2.16
300 92.45 6 2.15 84.46 6 1.98

a Mean 6 SD, n ¼ 3.

TABLE IV. In vitro Stability of the 99mTc–CRV and 99mTc–

Microspheres in Physiological Saline and Serum at 37�C

Time
(h)

Radiolabeling (%)
Efficiency in

Salinea

Radiolabeling (%)
Efficiency in

Seruma

ALCR CRV ALCR CRV

0.5 97.28 6 1.24 98.35 6 1.48 97.14 6 1.31 98.22 6 1.25
1 97.11 6 1.36 98.22 6 1.46 96.92 6 1.61 97.88 6 1.29
2 96.86 6 1.89 97.78 6 1.21 96.35 6 2.12 97.64 6 2.74
4 96.42 6 2.19 97.55 6 1.65 96.12 6 1.54 97.03 6 1.86
6 95.84 6 1.98 97.34 6 2.47 95.72 6 2.94 96.67 6 2.12
24 95.56 6 2.15 96.88 6 1.22 95.32 6 2.81 96.14 6 1.36

a Mean 6 SD, n ¼ 3.
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administration of CRV, respectively. The MRT was consider-
ably increased following nasal administration of the
mucoadhesive formulation of carvedilol (ALCR) when com-
pared with IV administration. The average MRT values after
nasal administration of ALCR was 4.37 6 1.31 h when com-
pared with 2.18 6 0.78 h after IV administration of CRV,
which were significantly different (p < 0.05, ANOVA fol-
lowed by Dunnett’s multiple comparison test). The relative
bioavailability (F) for ALCR was 67.87%, which indicate that
nasal administration results in improved absorption of CRV
from alginate microspheres in rabbits. Illum et al.27

described bioadhesive starch microspheres for nasal admin-
istration, which were retained in the nasal cavity for an
extended time period owing to their bioadhesive nature and
from which, after gelling, a local high drug concentration
was reached. The high CRV absorption through nasal mu-
cosa may be attributed to the combined effects of mucoad-
hesion and absorption enhancement due to mucoadhesive

polymer. It was demonstrated that the mucoadhesive micro-
particles had a significant effect on the mucosal uptake of
drugs.4,28 Hence, both the higher local drug concentration
and the increased paracellular transport are likely to play
an important role in absorption process.

FIGURE 1. Histology evaluations of sections of sheep nasal mucosa. (A) Control mucosa after treatment with phosphate buffer pH 6.2; (B) Mu-

cosa after treatment with microsphere formulation. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

FIGURE 2. Blood radioactivity time profiles of CRV after administra-

tion of microspheres intranasally (IN) (1 mg/kg) and CRV solution

intravenously (IV) (0.17 mg/kg) in rabbits (Mean 6 SD, n ¼ 6).

TABLE V. Pharmacokinetic Parameters of Carvedilol After IV

and of ALCR After Intranasal Administration in Rabbits

Parametersa CRV IV ALCR Intranasal

Cmax (kcpm/g) – 64.85 6 4.15
Tmax (h) – 2.0
AUC0–8 h (kcpm h/g) 54.06 6 6.45 215.83 6 18.56
T1/2 (h) 1.99 6 0.32 2.30 6 0.98
MRT (h) 2.18 6 0.78 4.37 6 1.31
Kel (h

�1) 0.346 6 0.092 0.300 6 0.084
F (%) 100 67.87

a Each value represents the mean 6 SD (n ¼ 6).

FIGURE 3. The clearance characteristics of radiolabeled alginate

microspheres (ALCR) from the rabbit nasal cavity when compared

with lactose powder a control (mean 6 SD, n ¼ 3).
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Gamma scintigraphy
Several methods, both in vitro and in vivo, were used to
evaluate mucociliary transport rates. Advantages of the
gamma scintigraphy lies in its ability to noninvasively moni-
tor the deposition and clearance of drug formulations,
allowing both quantitative and photographic illustrations of
distribution and clearance of the radiolabeled formulation.
Using this technique to evaluate the nasal clearance of
mucoadhesive preparations requires a radiotracer, which is
stable and nondiffusible to prevent absorption into the vas-
cular compartment. 99mTc tracer is reported as technically

easy to perform and more representative of ciliary function
since it investigates a large surface of the mucosa as a
whole and not the fastest flow rate.29 Therefore, 99mTc was
used in present study.

The nasal clearance characteristics of alginate micro-
spheres were studied. Lactose powder was used as negative
control. The clearance data for the formulation and lactose
from the nasal cavity is shown in Figure 3. This data shows
that the control lactose powder was cleared rapidly (half-
life of nasal clearance was <1.0 h), whereas the mucoadhe-
sive delivery systems were retained within the nasal cavity

FIGURE 4. Scintigraphic rabbit whole body images showing radioactivity in the nasal cavity after administration of 99mTc-labeled alginate micro-

spheres of carvedilol (ALCR) at different times of 0 h (A), 1 h (B), 2 h (C), 3 h (D), and 4 h (E) postinsufflation. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

FIGURE 5. Scintigraphic rabbit whole body images showing radioactivity in the nasal cavity after administration of 99mTc-labeled lactose powder

(control) at different times of 0 h (A), 1 h (B), and 2 h (C) postinsufflation. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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for longer time (half-lives of nasal clearance were >2.5 h). It
has been reported that the normal half-life of nasal clearance
in man is about 20 min.30 The nasal clearance half-lives of
microspheres were higher than normal clearance half-life of
human nose (at least fourfold higher), which is representa-
tive of high mucoadhesive strength of these particulate sys-
tems. After 4 h, 61.55% of alginate microspheres were
cleared from nasal cavity while in the same time 87.36% lac-
tose powder was cleared. The gamma scintigraphy images
(Figures 4 and 5) showed that the microsphere powder was
spread over a wide area within the nasal cavity of rabbits.
The results indicated that the microspheres cleared slowly
when compared with lactose powder and were retained for
extended periods in the nasal cavity, thereby providing sus-
tained and enhanced drug absorption from the nasal mucosa,
as confirmed from pharmacokinetic studies.

CONCLUSION

In this article, the alginate microspheres of CRV were pre-
pared by emulsification cross-linking method. The CRV and
its microsphere formulations were then successfully radiola-
beled using reduced 99mTc with the labeling efficiency of
above 97%. The radiolabeled complexes were proved for
their stability in both saline and serum up to 24 h. The
pharmacokinetics of the microspheres after nasal adminis-
tration in rabbits showed that the microspheres were able
to promote enhanced drug absorption through the nasal
mucosa and to improve the bioavailability of CRV. The
gamma scintigraphy indicated that the microspheres cleared
slowly when compared with lactose powder and were
retained for extended periods in the nasal cavity, thereby
providing sustained and enhanced drug absorption from the
nasal mucosa, as confirmed from pharmacokinetic studies.
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