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Introduction

Abstract

Aim: To develop a novel, in situ gel system for nasal delivery of scopolamine
hydrobromide (SCOP) and study its efficacy on motion sickness. M ethods: SCOP
indtugesat 0.2%, 0.5%, and 1.0% gellan gum concentration (W/v) were prepared,
respectively, and characterized in terms of viscosity, in vitro release, and nasal
ciliotoxicity. Single photon emission computing tomography techni que was used
to eval uate the nasal residencetime of gel containing ®"Tctracer. Theantimotion
sickness efficacy produced by thein situ gel formulation was investigated in rats
and compared with those achieved after subcutaneous and oral administration.
Results: The viscosity of the gellan gum formulations either in solution or in gel
increased with increasing concentrations of gellan gum. Itsreleasein vitro was
moderatein artificial nasal fluid. The micrographicresults showed that inStuges
were safe, without nasal ciliotoxicity. In comparison with phosphate buffer saline,
a prolonged radioactivity of ®*™Tc in the rabbit nasal cavity was observed after
administration of the gellan gum formulation. Intranasal SCOPinsitugd at adose
of 100 pg/kg decreased symptoms of motion sickness significantly in comparison
with subcutaneous and oral adminigtration (P<0.01). Conclusion: SCOPnasd in
situ gel is a safe and promising therapeutic alternative to existing medications for
motion sickness.

usto look for an alternativeroute of administration to oral or
transdermal ddlivery.

Scopolamine(SCOP), anaturally occurring antimuscarinic
agent, has been used for the prevention and treatment of
nausea and vomiting associated with motion sickness for
almogt 200 years. However, thisdrug hasalow and variable
oral bioavailability (10.7%—48.2%) because of extensive he-
patic first-pass metabolism'™. The variability in absorption
and poor bioavailability of oral SCOPindicate that thisroute
isnether reliable nor effective for thisdrug. In addition, the
SCOP transdermal patch has been developed. Pharmacoki-
netic studies showed that peak plasmaconcentrations (C,,.,)
werereached about 12-16 h after dosing’®®. Moreover, SCOP
concentrationsin plasma also declined more dowly after the
patches were removed than after an iv dose. The reported
delay in the drug reaching the circulation after patch
application, and the potential for prolonged unwanted side
effects such as dry mouth, dizziness, or blurred vision, led
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About 50 years ago, the nasal absorption of SCOP in
solution was reported by Hyde et al'™. They found that
SCOP could produce faster responses and greater therapeu-
tic activity than an equivalent oral dose. Recently, Scopola-
mine Hydrobromide 0.2% Nasal Spray was on the market.
However, problems still exist, such as a short duration of
therapeutic effect duetotherapid elimination of theinstilled
drug from the nasal cavity by mucociliary beating (a clear-
ance half-life of 15 min®®>®), and consequently, a frequent
dosing regimen was needed.

Several approaches have been used in designing nasa
dosage forms with high absorption and lasting drug effects.
For example, hydrogels made of carbopol, methylcellulose,
and hydroxypropyl methylcellulose can increase the drug
contact time with the mucosa, therefore reducing its rapid
clearance and resulting in increased absorption. However,
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viscous gels have the disadvantage of being difficult to
administer.

These problems have been overcome by the use of in
situgels. Instugesareingtilled aslow viscosity solutions
into thenasal cavity, and upon contact with the nasal mucosa,
the polymer changes conformation producing agel. This
type of gel combines the advantages of a solution, adminis-
tration convenience, and exact dosing, with the favorable
resdencetimeof agel. The phasetransition can beinduced
by a shift in pH, asfor cellul ose acetate phthalate?, a shiftin
temperature as for thethermo gelling Poloxamer 4071 or by
the presence of cations as for gellan gum!*?.

Taken the information into account, in the present study
anasal insitu gel system for SCOP was developed. Since
nasal mucosais covered with approximately 0.1 mL mucusin
humans, which consists of sodium, potassium, and calcium
ions, a cati on-responsive polymer gellan gum was chosen.
Gellan gum is an anionic deacetylated, exocel lular polysac-
charide secreted by Pseudomonas el odea with a tetrasac-
charide repeating unit of 18-L-rhamnose, 13-D-glucuronic,
acid and 23-D-glucase. The mechanism of gelation involves
the formation of double-helical junction zonesfollowed by
aggregation of the double-helical segments to form a 3-D
network by complexation with cations and hydrogen bond-
ing with water™ 3, Gellan gum has been widely used in
ophthalmic drug delivery®*. Nevertheless, thereisllittle
literature on its potential asa vehicle for nasal application.

The present work aimed to formulate an ion-activated in
situ gel for SCOP with gellan gum and to investigate its
viscosity, in vitro release, nasal ciliotoxicity, the nasal
mucosal residence time, and antimotion sickness capacity.

Materials and methods

Materials SCOP was gifted by the Department of
Pharmaceutics, School of Pharmacy, Fudan University
(Shanghai, China). Gellan gum was purchased from
ZhongWei Biochemical Ltd (Shanghai, China). The SCOP
injection (0.3 g/L) was obtained from Shanghai Harvest
(Shanghai, China). Technetium-99m-diethylentriamine
pentaacetic acid (*"Tc-DTPA) was prepared in the Depart-
ment of Nuclear Pharmacy a Fudan University (China).

Theion compositions of artificial nasal fluid included
150+32mmol/L Na', 41+18 mmol/L K*, and 4+2 mmol/L Ca’*,
prepared according to Lorin et al™. All other reagentswere
of commercially analytical grade.

Preparation of nasal formulations A certain amount of
gellan gum was added to deionized water and dissolved by
heating to 100 °C with moderate stirring. After cooling to

below 40 °C, SCOP (0.4%, w/v), mannitol (5%, w/v), and
chlorhexidineacetate (0.01%, w/v) wereadded and mixed well.
Three kinds of SCOP in situ gels were prepared at the con-
centrations of gelan gum which were 0.2%, 0.5%, and 1.0%
(W/v), respectively. The pH of all the formulations was
between 4.0 and 6.0.

Viscosity measur ement of in situ gel formulations The
viscosity of the gellan gum formulations, either in solution
or ingel madewith artificial nasal fluidinstead of 5% mannital,
were determined with a rotational viscometer (NDJ-5S,
Shanghai, China) usng a20 mL aliquot of thesample. Mea-
surements were performed using suitable spindle number at
6, 12, 30, 60 r/min, and the temperature was maintained at
37 °C. Theviscosity was read directly from the viscometer
display. All measurementsweremadein triplicate.

In vitro release of SCOP from gels Theinvitro release
of SCOP from the gels was measured through a cellulose
acetate dialys s membrane employing Valia-Chien diffusion
cdls(2TYTP3A, GongYi Ltd, Shanghai, China) with adiffu-
sional areaof 1.75 cm? and areceptor compartment vol ume of
16 mL. Thereceptor compartment, containing artificial nasal
fluid to allow the establishment of the “sink condition” and
to simulate the physiological condition, was stirred and
thermostated at 37+0.5 °C in an incubator during the
experiment. 2 mL gellan gum preparation loaded with 0.4%
of thedrug (n=6) was placed in the donor compartment. At
predetermined timeintervals, samples (1 mL) of receiving
sol ution werewithdrawn and replaced with the same volume
of fresh rd easemedium. The amount of SCOPin each sample
wasdetermined by HPLC (LC-10A, Shimadzu CoL td, Kyoto,
Japan).

Chromatographi c separati on was achieved using a Dikma
Diamonsi|™ C18 column (Dikma Co Ltd, Beijing, China, 5
um, 200 mmx4.6 mm) and aprecolumn (Nova-Pak, 10um, C,g
15, 220, Waters) a 40 °C. The mobile phasewasamixture of
0.008 mol/L sodium dodecyl sul phate contai ning 0.001 mol/L
hydrochloric acid (pH 3.0) and acetonitrile (50:50 v/v) at a
flow rate of 1 mL/min. The UV absorbance of the effluent
was monitored (SPD-10A, Shimadzu Co Ltd, Kyoto, Japan)
at awavelength of 210 nm.

Nasal ciliotoxicity Nasal ciliotoxicity studies were
carried out using an in situ toad palate modd*®. In brief, the
upper palate of thetoads (3040 g, maleand female, Experi-
mental Animal Center of Fudan University, China, n=6) was
exposed and treated with about 0.5 mL instuge (0.5%gdlan
gum) for 4 h. Then the test formulation was removed by
washing the palate with saline, about 5x3 mm of the palate
was dissected and the mucocilia was examined with aelec-
tron microscope (Nikon Fx-35A, Tokyo, Japan) at enlarge-
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ments of 400x. Saline and sodium deoxychol ate (one of the
agents with serious nasal ciliotoxicity, 1% [w/v] solution)
were used as the negative and positive control s, respectively.

Scintigraphic sudies Thenasal mucosal residencetime
of thein situ gel was studied using single photon emission
computing tomography (ZL C 3700, Mnich, Germany) auto
tuned to detect the 140 KeV radioactivity of *"Tc-DTPA. In
situ gel incorporating * Tc-DTPA at the gellan gum concen-
tration of 0.5% was prepared as described earlier. The solu-
tion (*"Tc-DTPA dissolved in phosphate buffer saline) was
used as a control.

Eight male, New Zealand, white rabbits (2.0+0.2 kg,
Experimental Animal Center of Fudan University, China) were
divided into 2 groups. Each group received gel and solution
formulationsin acrossover design with at least a 3 d wash-
out period. Therabbit was positioned 10 cm in front of the
probe and 100 pL of theradio labeled gel or solution, which
weregtored in 20 °C for 30 min before use, wereinstilled into
thenasal surface. Recording started 5 safter administration
and continued for 60 min usnga128x128 pixe matrix. A total
of 78 frames of dynamic images wererecorded in asequence
of 36x20 sfollowed by 12x40 sthen 30x80 sframes.

The images were analyzed by medical system ICONP
workstation (Siemens, Miinich, Germany). All of the graphs
weredivided into 2 regionsof interest. A circular region was
manually drawn around the nose areaasregion 1, and region
2 represented the rest of the body.

Antimotion sickness efficacy

Animals Adult, male Wistar rats weighing 200-250 g
were used for the study. The animals were deprived of food
24 h prior to the experiment, but were allowed free accessto
water until 2 h beforetheexperiment. Theanimal experiment
was carried out in compliance with the protocol of Animal
Useand Careby Medical Center of Fudan University (China).

Animal handling and drug administration Inorder to
induce motion sicknessin rats, amodified proceduré” was
used. In brief, the animals were placed individually in spe-
cifically-designed perspex restrainers (20 cmx5 cm) with a
sliding door at one end to adjust the size for adequate
ventilation. With the help of a hook, the restrainers were
hanged to the shaft of the blade of the centrifuge. The hang-
ing ropewasonly 20 cm long S0 asto minimizethe centrifu-
gal effect. Thedistance at the shaft of the blade was kept
such that the diameter of rotation was fixed at 35 cm. The
blade was run at a speed so asto obtain rotations of 300 rpm
(359). Eachrat wasrotated for 15 min.

Sixty rats were used in this experiment and randomly
divided into 6 groups. group 1 was administered intranasally
with 50 pL blank gel (the excipient control); group 2 and
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group 3 with 100 pg/kg SCOP aqueous solution adminis-
tered subcutaneously and orally, respectively; and groups
4,5, and 6 were administered SCOP in situ gel (0.5% gellan
gum) at the dose of 25, 50, and 100 pg/kg, respectively. Fif-
teen minutes after administration, all the groupswere tested
employing the abovetreatment, except the oral group which
needed 30 min.

After the treatment, the ratswere placed on thefloor and
their behavior, such as continuous rotation, unilateral
obliquity, and vomiting, were observed for 1 h, the recovery
time was recorded.

Statigtical analyss Theresultswere expressed as mean+
SEM. ANOVA was used to test the differences between the
calculated parameters using the SPSS Statistical Package
(Verson 10, SPSSInc, Chicago, IL, USA). Differenceswere
considered statistically significant when P<0.05.

Results

Viscosity of in situ gel formulations All gellan gum
formulations, either in solution or in gel, showed pseudo
plastic behavior (Figure 1). The viscosity of the test gels
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Figure 1. Viscosity for the various gellan gum solution (open symbols)
and for the gellan gum preparation with artificial nasal fluid (filled
symbols), simulating the in vivo gelation.
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increased with increasing concentrations of gellan gum,
and a large viscosity change was found when gellan gum
underwent sol-gel transition at lower concentrations (0.2%
and 0.5%). Duetoavery viscous solution obtained with 1%
gellan gum, a slight viscosity increase was observed after
ge formation.

In vitro release experiments SCOP rel ease from nasal
preparations was moderate under sink condition (Figure 2).
After incubated for 6 h, about 96.1+4.5 %, 80.0+5.4%, and
61.9+4.9% SCOP releasefrom 3 gelswas found, respectively.
At fixed drug concentrations, the release rate depended on
gellan gum concentration: the higher the gellan gum con-
cen-tration, the lower the rate of drug release. Thein vitro
release datawerekineti cally analyzed according to zero-order,
first-order, and the diffusion-controlled release mechanism.
Therdativehigh correlation coefficient valuesobtained from
the analysis of the amount of the drug released versus the
sguareroot of timeindicated the rel ease followed the Higu-
chi™ kinetic model, as shown in Table 1.

—— 1.2% gellan gum
90 —0— 0.5% gellan gum.
—— 1% gellan gum

Release/%

0 60 120 180 240 300 360

Time/min

Figure 2. Release profiles of drug from various gellan gum
formulations.

Table 1. Correlation coefficients for kinetic analysis of release data
for various formulations.

Formulation Correlation coefficient (r)
Zero order  First order Higuchi
0.2% gellan gum 0.980 0.958 0.992
0.5% gellan gum 0.976 0.982 0.994
1% gellan gum 0.975 0.986 0.992

Nasal ciliotoxicity A micrograph showed that therewas
agreat number of ciliaat afast-beating rate on the edge of

the mucosa treated with in situ gel for 4 h (Figure 3), and the
beating lasted for about 12 h after the pal ate was dissected.
Theciliadensity wasjudged normal compared with thesaling,
indicating that in situ gel had no obvious effect on cilia
movement.

Figure 3. Micrographs. (A) Negative control (saline, the mucocilia
was intact and beating actively); (B) SCOP in situ gel at 0.5% gellan
gum concentration (similar phenomenon with that of saline was
visualized 4 h after treatment); (C) Positive control (1% sodium
deoxychol ate solution, no cilia on the mucosa was observed, but a few
exfoliated cilia were observed 5 min after treatment). Cilia are indi-
cated by arrows (10x40 magnification, n=6).

Scintigr aphic studies Themucodiliary dearance graphs
of the ® Tc-labeled formulation are shown in Figure 4. In-
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dtilled solution exhibited arapid initial drainage of radioac-
tivity dueto nasal turnover, followed by a dow decreasein
remaining radioactivity. Ten minutes after administration of
the solution, the radioactivity in region 2 was observed, 60
min later, theradioactivity was found around the whol e body.
However, a clear tendency that was less pronounced after
administration of the gellan gum formulation was visualized.
There was about 80% of the gel deposited in therabhit nasal
cavity 30 min after administration, 60 min later, morethan
60% of the gdl wasin contact with the mucociliary surface as
compared with only about 20% of the applied reference
solution. Theseresultsindicated that 0.5% gellan gum could
increase the residence time of the formulation, which was
further demonstrated by the pharmacodynamic.
Antimotion sickness efficacy The present study was
conducted to test the efficacy of in situ gel for motion sick-
nessin an experimental rat model. Intheratsthat werero-
tated for a period of 15 min after administration of the blank
gd, there were almost complete symptoms of motion sick-
ness (Table 2). The phenomenon could last 7-8 min, during
which someratsvomited slightly. Fifteen minuteslater, the

A1 (0 min) A2 (10 min) A3 (30 min)

B1 (0 min)

B2 (30 min)
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rats were static and convol uting with the symptom of nys-
tagmusto alleviate the suffering, which could | ast about 45—
60 min. Theratstreated with SCOP aqueous solution (100
pg/kg scand 100 pg/kg, po) prior to thetest a so showed the
symptoms of motion sickness after rotation, which could
last 5 min. Twenty minutes later, the rats were static and
convoluting without nystagmus, and these symptoms dis-
appeared 30 min post rotation. Intranasal SCOPinstugd at
adose of 100 pug/kg (group 6) decreased the degree of mo-
tion sickness significantly in therats compared with the oral
and subcutaneous group (P<0.01). In addition, although
the dose of subcutaneous injection was 2 times that of the
nasal dose, the recovery time was approximately equal for
the rats in groups 2 and 5, suggesting that a reduced nasal
dose might be expected.

Discussion

Motion sickness, aso known astravel, car, sea, air, rail,
or space sickness, is induced through whole body vibra-
tions by stimulation of the vestibular organ. Motion sick-

Figure 4. Scintigraphic images. (A)
solution; (B) in situ gel with 0.5% gellan
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Table 2. Results of antimotion sickness. °P<0.01 vs blank gel; 'P<0.01 vs the sc group; 'P<0.01 vs the po group.

Group Name Occurring number Recovery time + SD
Rotation Unilateral obliquity Vomiting
1 Blank gel 50 uL (in) 10 10 3 50.5+7.8
2 SCOP 100 ug-kg™ (sc) 8 10 0 25.5+6.2
3 SCOP 100 ug-kg™ (po) 10 10 1 39.0+4.5
4 In situ gel 25 ug-kg™ (in) 7 10 0 37.7+4.4
5 In situ gel 50 ug-kg™ (in) 9 10 0 25.2+4.7°
6 In situ gel 100 pug-kg™ (in) 10 10 0 14.9+5.7°

in, intranasal administration.

nessisavery common disease characterized by various sym-
ptoms, such as pallor, cold sweating, nausea, vomiting,
fatigue, self-rotation, unilateral obliquity, or the dowing of
brain waves™®?, SCOP has been used successfully for
motion sicknessfor almost a century. At present, SCOPin
motion sickness is administered by transdermal patches.
However, the patch must be attached at |east 4-6 h before
the onset of action and is therefore unsuitable for acute
therapy. Recently, Scopolamine Hydrobromide 0.2% Nasal
Spray was on the market, which claimed to have afast onset
of action within 30 min after administration®”. However,
due to the mucociliary clearance mechanism, solution
formulations, that are not mucoadhesive, are generally rap-
idlydearedfromthenasa cavity and resultin ashort duration.
Therefore, to overcome these barriers, anovel in situ gel
system for the nasal delivery of SCOP was developed in the
present study. The results of the animal experiments
revealed that 15 min after intranasal administration, insitu
gel produced obvious antimotion sickness effects on rats at
all the tested doses. Moreover, insitu gel at a dose of 100
pa/kg showed a better therapeutic efficacy when compared
to oral and subcutaneous administration. These results sug-
gested that SCOP nasal insitu gel isa promising therapeutic
alternativeto existing medications for motion sickness. Fur-
ther pharmacoki netic investigation about the nasal absorp-
tion of SCOP from gellan gum preparation isin progressin
our laboratory.

In this study, in situ gels at 3 different gellan gum con-
centrations were prepared. The preparations behavelike a
fluid, but form arigid gd when exposed to cations. The
viscosity of the test gel increased with higher gellan gum
concentrations. It was proposed that as the concentration
of gellan gum increased, the polymer chains approached
closer, and the number of interactions between the polymer
chainsincreases which leadsto a denser 3-D network struc-
ture?!. When the concentration of gellan gum achieved 1%,

high viscosity made administration difficult with a conven-
tional nebulizer.

Because the release rate of a drug directly affected its
absorption process in vivo, SCOP rd easethrough the differ-
ent gellan gum formulationswas examined using the Valia-
Chien diffusion cell method. The results showed that the
release of SCOP from nasal preparati onswas moderate with-
out any burst effects. It was most likely that gellan gum
underwent a rapid sol-gel transition when exposed to artifi-
cial nasal fluid as confirmed by the viscosity experiment.
During the hydrogel formation, aportion of SCOP might be
loaded into the hydrogel phase, and thus the drug release
became dow. In addition, the release rate also depended on
thegelan gum concentration. Thereleasefrom variousgdlan
gum formulations could be ranked as follows. 0.2%6>0.5%>
1%. These results indicated that the structure of the gel
became more closdly packed and functioned as an increas-
ingly resistant barrier to drug rel ease as the concentration of
polymer increased. Considering the viscosity and sustained
rel ease capacity, the gdl at 0.5% gellan gum concentration
seems to be a preferable formulation for nasal delivery of
SCOP. Therefore, the 0.5% formul ation was chosen for fur-
ther study.

Nasal mucociliary clearance playsacrucia rolein pro-
tecting the respiratory system from damage by inhaled sub-
stances?®. Therefore, itisvital to examine theinfluences of
drugs and drug excipients on nasal mucociliary clearance
before clinical application. In the present study, we chose
the toad palate modd for the study of ciliotoxicity because
thetoad palate isarobust tissue giving reproductive results
and the experimental technique was easy*®. It was found
that animals treated with thein situ gel (0.5% gellan gum)
showed a mild effect on ciliary beating, suggesting it was
safefor nasal application.

Several methods, both in vitro and in vivo, have been
used to eval uate mucociliary transport rates?*%!, Advan-
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tages of the gamma scintigraphic technique liein the ability
to non-invasively monitor the deposition and clearance of
drug formulations, allowing both quantitative and photo-
graphicillustrations of distribution and clearance of thera-
diolabeled formulation. Employing thistechniqueto evalu-
ate the nasal clearance of mucoadhesive preparations
requires aradiotracer which is stable and non-diffusible to
prevent absorption into the vascular compartment. *"Tc
tracer is reported as technically easy to perform and more
representative of ciliary function sinceit investigatesa large
surface of the mucosa as a whole and not the fastest flow
ratd®. Therefore, ® Tc-DTPA was used in this study. As
expected, in situ gel had alonger residence in rabbit nasal
cavity compared with the solution.

Three kinds of SCOP in situ gels were prepared at the
concentrations of gellan gum, which were 0.2%, 0.5%, and
1.0% (wiv), respectively. Itsviscosity depended on the con-
centration of gellan gum. Invitrorelease experimentsshowed
that the release of SCOP from the test gelswas moderate. In
situ gel had alonger residencetimein therabbit nasal cavity
compared with the solution, and no nasal ciliotoxicity. The
antimotion sickness experiment confirmed that intranasal in
situ gel produced pronounced antimotion sickness efficacy,
eecialy at adoseof 100 pg/kg. In conclusion, SCOP nasal
insitu gel isawdl-tolerated and promising therapeutic alter-
native to existing medi cations for motion sickness.
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