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Donepezil hydrochloride thermosensitive in situ gel for nasal
delivery was prepared by using Poloxamer 407 and Polox-
amer 188 as thermoreversible polymers, hydroxypropyl-p-
-cyclodextrin and ethylparaben as permeation enhancer and
preservative, respectively. The gelation temperature and
time, pH value of the gel formulation were found to meet the
requirements for nasal administration. The in vitro erosion
and in vitro release tests exhibited obvious drug sustained
release behavior. Meantime, main pharmacokinetic para-
meterssuchast,,,,, c,..and AUC in plasma as well as in brain
were significantly different between the nasal gel formula-
tion and intragastric drug solution in rats (p < 0.01). The rela-

tive bioavailability and drug targeting efficiency of the gel
formulation were calculated to be 385.6 and 151.2 %, respecti-
vely. Thus, the drug gel formulation might be a potential new
delivery system for treatment of Alzheimer’s disease due to
its higher bioavailability and better distribution to brain
when compared to oral route.
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Alzheimer’s disease (AD) is a central nervous system (CNS) disease characterized by
loss of cognitive behavior, memory impairment, and disturbance in daily activities (1). The
cholinergic deficit is thought to be one of the major pathological causes of this disease, thus
some cholinesterase inhibitors such as risvastigmine, tacrine and donepezil hydrochloride
(DPZ) have been clinically applied in order to improve the available levels of acetylcholine
in brain tissues (2). DPZ is a specific and reversible AchE inhibitor and it also could pro-
duce neuroprotective effect (3). More importantly, the drug has fewer side effects than
non-specific AchE inhibitors, so presently it has become a clinical first-line drug for treat-
ment of mild to moderate AD in many countries (4).

As a CNS disease, treatment of AD by oral administration route is particularly challeng-
ing due to the existence of the blood-brain barrier (BBB) (5). So far, intranasal delivery has
been thought as an important dosing route for some drugs with many advantages such as
large mucosa surface area, rapid onset of action, avoidance of hepatic first pass effect, high
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bioavailability and especially circumvention of BBB (6). Furthermore, this administration
route is non-invasive, of convenient application and good compliance. Therefore, intranasal
dosing of drugs has been thought to be an ideal alternative to the control of AD (7).

Currently, the marketed dosage forms of DPZ are as oral tablets or capsules. Though
this administration route is convenient for some of patients, the drug showed obvious
gastrointestinal side effects and muscle convulsions (8). Moreover, the therapeutic efficacy
of the DPZ oral preparations was not satisfactory due to the existence of BBB. Thus, in order
to overcome the above shortcomings of oral route, some new dosage forms such as nano-
suspension, microemulsion, liposomes and liposomal hydrogel of DPZ for nasal admini-
stration have been studied and furthermore the enhanced bioavailability as well as brain
targeting characteristics of the above new nasal delivery systems also confirmed (9-12).
However, the above novel delivery systems of DPZ for nasal route have many limitations
such as complicated formulation and preparation process, inconvenient dosing, poor
physicochemical stability, or short residence time in nasal cavity. Presently, drops and
sprays are two main nasal preparations widely applied in clinical treatment, these tradi-
tional liquid formulations, however, are unfavorable because of short residence time and
thus poor bioavailability. In recent years, in situ nasal gel has gained more attention for
systemic drug delivery because of its advantages such as simple formulation, easy prepa-
ration process, better physiochemical stability, convenient use, accurate dose, long nasal
residence time, high bioavailability, sustained drug release and potentially improved
therapeutic efficacy (13). Thus, the aim of present research was to prepare a nasally admini-
stered thermosensitive in situ gel of DPZ and to further characterize its in vitro properties.
In vivo pharmacokinetics, relative bioavailability, and especially brain targeting character-
istics of the in situ gel formulation was also investigated in rats.

EXPERIMENTAL

Materials

Donepezil hydrochloride was bought from Hubei Hongxin Ruiyu Fine Chemical Co.,
Ltd. (China). Poloxamer 407 (P407) and poloxamer 188 (P188) were bought from BASF Co.,
Ltd. (China). Hydroxypropyl-g-cyclodextrin (HP-$-CD) was purchased from Shandong
Fine Chemical Co., Ltd. (China). Ethylparaben was given by Aladdin Biochemical Techno-
logical Co., Ltd. (China). All other reagents were of analytical or chromatographic grades.

Preparation of thermosensitive in situ gel

Optimal formulation of DPZ thermosensitive in situ gel for nasal delivery was ob-
tained from the results of our previous research and it was prepared by the cold method.
Briefly, HP-B-CD (3.5 %, m/V) was first dissolved in suitable volume of distilled water by
agitation at room temperature. The required amount of DPZ (5.0 %, m/V') and ethylparaben
(0.05 %, m/V) were then dissolved successively in the above solution under ultrasonic con-
dition. After cooling to room temperature, P407 (19.6 %, m/V) and P188 (8.2 %, m/V) was
slowly added to the mixed solution and then fully dispersed by stirring. The dispersion
was stored in cool condition overnight so that the poloxamer get completely dissolved and
clear solution will be obtained. Finally, volume was adjusted to the requisite amount by
using distilled water.
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Gelation temperature and gelation time

The gelation temperature of the in situ gel formulation was measured by the inverted-
-tube method as reported previously (14). 2 mL of the DPZ gel formulation was trans-
ferred to a 10 mL test tube which was sealed and immersed into a thermostat water bath.
The temperature of the bath was increased from 20 °C to 40 °C and a thermometer with
aminimum scale of 0.1 °C applied to accurately determine the temperature change. When
the upper surface of the formulation solution wouldn’t move if the test tube was turned
90 degrees, the temperature was thought as the gelation temperature. Similarly, 2 mL of
the DPZ gel solution was transferred to a 10 mL volumetric flask and then heated to 20 °C
in a thermostat water bath. After which, the flask was placed into 32 °C thermostat water
bath and the duration for all the liquid to change completely into immovable gel was
immediately recorded with a stopwatch. The above time was identified as gelation time.
The gelation temperature and gelation time were both determined in triplicate.

pH of gel formulation

The pH value of the gel solution was determined by using the pH meter, which was
firstly calibrated prior to the test. Briefly, 1 mL of the prepared DPZ gel formulation was
added into a 100 mL volumetric flask, then dilute with freshly distilled water to volume
and mix. The pH value of the above solution was determined in triplicate.

In vitro erosion and release studies

In vitro corrosion and release of DPZ from the gel formulation were investigated
simultaneously by the membraneless method (15). Briefly, 10 g of DPZ gel solution was
transferred into a pre-weighted test tube, which was then placed in water bath (34+0.5
°C) and maintained for 5 min. After completion of sol-gel transition, 1.0 mL of pH 6.4
phosphate buffer pre-warmed at 34+0.5 °C, was gently added over the surface of the gel
and the test tube was immediately shaken at 50 r min™ in a thermostat oscillator main-
tained at 34 °C. After dumping the medium at specified time interval, the test tube was
cleared, weighted and replaced with the same volume and temperature of fresh phos-
phate buffer. The DPZ in the samples was determined by reported HPLC method with
minor modification (16). The analysis was performed on a C;gcolumn (250x4.6 mm, 5.0
pum) at the column temperature of 30 °C. The mobile phase consisted of methanol and 20
mmol L' ammonium acetate solution (containing 0.05 % formic acid) (55:45, V/V) and the
flow rate was 1.0 mL min. The injection volume was 20 puL and the detection wavelength
was set at 271 nm.

Moreover, in vitro release studies were also performed to observe the DPZ sustained
release from the in situ gel as compared with the drug solution by dialysis diffusion
technique. Briefly, 2 mL of the in situ gel as well as drug solution equivalent to 100 mg of
DPZ was placed in a dialysis bag (MWCO, 3500 Da) and then sealed at both ends. After
which, the dialysis bags were placed in 500 mL of pH 6.4 phosphate buffer thermo-
statically maintained at 37+0.5 °C, and immediately stirred at speed of 100 rpm. At
specific time intervals (5, 15, 30, 60, 120, 180, 240, 360 and 480 min), 2 mL of samples was
withdrawn and filtered through a 0.45 pm syringe filter. The resultant filtrates were
analyzed by above HPLC method.

413



F. Gueet al.: Preparation, characterization, and in vivo pharmacokinetics of thermosensitive in situ nasal gel of donepezil hydrochloride,
Acta Pharm. 70 (2020) 411-422.

Pharmacokinetics and brain targeting studies

Sprague-Dawley male rats weighing 250-320 g were selected for the study and an expe-
rimental protocol was approved by our Institutional Ethical Committee for animal and
human tests (Grant No.YKD2018068). The rats were randomly divided into control and test
groups. The control group received DPZ solution at a dose of 10 mg kg™ through intragastric
(i.g) route. The test group rats were firstly anesthetized with ether, after which, the trachea
was cannulated with a polyethylene tube to stop nasal respiration. Meanwhile, an incision
was made in the esophagus, after which, a length of polyvinyl chloride (PVC) pipe was
inserted into it, the DPZ gel solution was then given at the same dose with a microliter
syringe stretching into the back of the nasal cavity via the PVC pipe. The PVC pipe was
subsequently pulled out and the esophagus ligated to prevent peroral absorption. For the
control group, five rats per time point were sacrificed at 5, 15, 30, 45, 60, 90, 120, 180, 240, 360,
480 min following i.g. administration of the drug solution. Blood was collected and placed
into heparinized PE tubes, immediately centrifuged at 10,000 rpm for 10 min and plasma
separated. Meantime, the brain was isolated, rinsed with normal saline and weighed
followed by homogenization using glass homogenizer with suitable amount of saline in
ice-water bath. Homogenized brain tissue was centrifuged and the brain supernatant sepa-
rated. For the test group, the same number of animals each time point were also sacrificed
at 3, 5, 10, 20, 30, 45, 60, 90, 120, 180, 240 min after nasal administration of the DPZ in situ gel.
The blood and brain tissues were pretreated as described above for i.g. dosing. Finally, the
separated plasma and brain supernatant were stored at —20 °C until being assayed.

Plasma and brain sample analysis

In order to further improve the analytical sensitivity, the pretreatment process of
blood and brain samples involving concentrating the sample and extracting the drug, was
completed prior to analysis. For analysis of drug in plasma, 20 uL of 0.1 mol L' NaOH
solution and 300 uL of n-hexane/dichloromethane/ethyl acetate mixture (45:40:15, V/V/V)
were successively added to 100 uL plasma sample and vortex-mixed for 3 min. After which,
the mixture was centrifuged at 10,000 rpm for 10 min, and then the supernatant was trans-
ferred to a clean PE tube and evaporated to dryness under a nitrogen gas stream in a 40 °C
water bath. The residue was then reconstituted in 400puL methanol, and after centrifuga-
tion, 20 uL of the supernatant was injected for HPLC analysis. For drug analysis in brain
homogenates, 20 uL of 0.1 mol L' NaOH solution and 300 uL of methyl t-butyl ether were
successively added to 100 uL of brain supernatant sample and vortex-mixed for 3 min. The
mixture was also centrifuged at 10,000 rpm for 5 min, and then 200 pL of supernatant was
transferred to a PE tube and evaporated to dryness. The residue were treated as described
above for plasma samples and assayed for DPZ content. Finally, DPZ content in plasma and
brain samples was determined according to a modified HPLC method (17). Chromato-
graphic separation was achieved with a Inert Sustain C;g column (150 mmx4.6 mm, 5 pm).
The mobile phase consisted of 0.01 mol L™ sodium dihydrogen phosphate solution and
acetonitrile in a ratio of 73:27 (V/V). The mobile phase was set at a flow rate of 1.2 mL
minl. The eluate was monitored at 390 nm with an excitation wavelength of 325 nm. The
concentration of DPZ in plasma or brain samples was estimated according to each calibra-
tion curve over the concentration range from 10.0 to 800.0 ng mL™.
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Pharmacokinetic analysis was performed by a model-independent method and the
mean concentrations of DPZ in plasma and brain samples were plotted against time. The
peak plasma or brain concentrations (c,,,,) as well as the time to reach these peaks (t,,,,) were
read as raw data. The area under the plasma or brain concentration-time curve (AUC,_,) from
time zero to the time of the last measured concentration (c,) was calculated by means of the
linear trapezoidal rule. The bioavailability (F,) of the DPZ gel formulation relative to i.g. drug
solution was calculated. Drug targeting efficiency (DTE %) of the in situ gel after nasal ad-
ministration versus i.g. drug solution was estimated using the following equation(18):

DTE (%) = (AUC,,in o / AUC

/(Aucbrain 0-t /AUC % 100 %

plasma O-t)i.n. plasma U-t)i.g.
where AUC,,,;, and AUC,,qy,, is the area under the brain tissue concentration-time and

plasma concentration-time curves after i.n. and i.g. administration, respectively.

RESULTS AND DISCUSSION
Preparation of in situ gel

Comprehensively taking into consideration the limitation of volume of human nasal
cavity and clinical doses of oral preparations, the drug concentration of the DPZ gel formu-
lation was established to be 5.0 % (11/V). As main excipients in the gel formulation, the ideal
concentration of P407 as well as P188 was found to be 19.6 % (1m/V) and 8.2 % (m/V), respec-
tively, which was confirmed by our previous research (19). Owing to their higher aqueous
solubility and better safety, several -CD derivatives such as HP-5-CD, SBE--CD and DM-
-B-CD have been widely applied as transmucous absorption enhancers in nasal formula-
tions. The ex vivo sheep nasal mucosa penetration test performed by our research group has
confirmed that 3.5 % (m/V) HP-$-CD showed the best permeability enhancing effect among
the above cyclodextrin enhancers (19). In addition, based on the concentration of ethylpara-
ben often applied in oral and ophthalmic preparations, 0.05 % (1m/V) of the preservative was
used in the drug gel formulation. Finally, it needs to be emphasized that in the preparation
process of the DPZ in situ gel solution, the above HP--CD used in the formulation, could
also increase the solubility of the poor water-soluble ethylparaben by complexation reac-
tions, which made it easier to dissolve the preservative in the HP-5-CD solution.

The polymeters P407 and P188 are the most popular thermosensitive gelling agents
used for the topical applications through the nasal, ocular and cutaneous routes and also
have lower adverse effect on tissues compared with other stimuli-responsive gelling sys-
tems (20). Furthermore, 0.05 % ethylparaben is often used in oral and ophthalmic prepara-
tions and HP-$-CD used as additive in the intravenous injections. Based on the above
analysis, it could be anticipated that the DPZ gel formulation may have lower toxicity and
higher safety in vivo. Certainly, a study on the toxicity and human safety of the formulation
still needs to be further investigated.

Gelation temperature and gelation time

Gelation temperature and gelation time are two important quality indexes for the
DPZ thermoreversible in situ gel since they have been proved to be closely correlated with
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the storage condition, convenience of administration, nasal residence time and in vivo drug
bioavailability of in situ nasal gel. Gelation temperature value of the DPZ gel formulation
was found to be approximately 32.5 °C within the nasal physiological temperature range
29-34 °C, thus suitable for thermosensitive nasal gel formulations. Furthermore, gelation
time of the gel formulation was determined to be only about 40 s, suggesting rapid forma-
tion of immovable gel after its contact with nasal mucosa. In short, the above gelation
temperature and gelation time are generally considered as optimal, which might reduce
or even avoid loss of drug due to transportation of the formulation to the nasopharynx and
then to the gastrointestinal tract.

pH of formulation

The pH of the gel formulation was determined after suitable dilution because of the
following reasons. Firstly, the gel formulation has relatively higher viscosity, so it was not
easy to obtain a stable readings of pH meter in testing process. Secondly, considering the
high rate of nasal mucus turnover, for example, resting-state daily production, 75-150 mL,
thus the dose volume of the gel solution may be diluted in nasal cavity by at least 100 times
following nasal dosing. Finally, according to the chemical structures of the drug and ad-
ditives in the gel formulation, pH of the gel formulation theoretically seems to be nearly
neutral. Therefore, diluting the gel sample by distilled water may have insignificant effect
on the pH of the gel solution.

Previous research performed by our group has confirmed that DPZ had high oil-water
partition coefficient (lipophilicity) and better chemical stability in an approximately pH 7.0
aqueous media, and furthermore ethylparaben also possesses relatively good bacterio-
static effect in the pH range 4.0-8.0. Additionally, human nasal physiological pH range was
reported to be within 5.5-6.5 and it has been proved that the nasal mucosa can tolerate pH
range of 3-10 (21) and greater deviation from nasal physiological pH could lead to severe
irritancy or damage to mucosa. Thus, taking the above factors into consideration, neutral
pH value of the gel formulation seemed to be appropriate. Since the pH value of the pre-
pared gel formulation was determined to be about 7.0, it is unnecessary to adjust the pH
value of the gel solution in the final preparation process of the DPZ in situ gel.

In vitro erosion and release studies

The membraneless model was applied to investigate the gel corrosion and DPZ release
from the thermosensitive gel formulation in our research as this model is quite similar to
the in vivo condition. The concentrations of DPZ in the release media were calculated from
the standard calibration curve (Y = 69970c¢ — 127740, R* = 0.999, concentration range of 0.8—
200.0 pg mL™) of DPZ and the cumulative release of drug as well as gel corrosion was
plotted against time. As shown in Fig. 1, the in vitro cumulative erosion and cumulative
drug release were both approximately 90 % in 45 min. The drug release from the gel for-
mulation seemed rapid, which might be mainly attributable to the use of big volume of
release media in the corrosion and drug release study, for example, 1.0 mL of phosphate
buffer each time, which far larger than the actual volume of nasal mucus, was added over
the surface of the gel. Furthermore, the sample-containing test tube was shaken at higher
speed, resulting in the faster gel corrosion. The in vitro erosion and in vitro drug release
kinetics of the DPZ in situ gel were both fitted to the zero order model, and moreover, there
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Fig. 1. The in vitro erosion and in vitro drug release kinetics of DPZ in situ gel with membraneless
method. Data are represented as mean + SD (n = 3).

was a good correlation relationship between them (R? = 0.9918), which indicated that release
of DPZ from the gel formulation was mainly controlled by gel corrosion.

Meanwhile, the DPZ sustained release from the gel formulation was also investigated
by dialysis membrane diffusion method. An obvious drug sustained-release characteristics
was observed in Fig. 2, for example, the cumulative release of DPZ from the gel formulation
was only less than 80 % till 480 min, and 85 % of the drug, however, was released from the
drug solution within 120 min. To explain the mechanism of DPZ release from the gel formu-
lation, the in vitro release data of the drug were kinetically evaluated by using mathematical
models. The order of the correlation coefficient (R?) values of model fitting was found to be
Weibull model > Riger-Pappas model > Higuchi model > First-order model > Zero-order
model. The best fitted model was the Weibull model (R? = 0.9947), suggesting that the drug
release from the gel formulation was controlled by drug diffusion as well as gel corrosion,
probably due to the use of semi-permeable membrane in the in vitro release test.

100

60

40

Drug release (%)

20

0 100 200 300 400 500
Time (min)

Fig. 2. The in vitro release profiles of DPZ in situ gel (squares) as well as the drug solution (circles) with
dialysis diffusion method. Data are represented as mean + SD (1 = 3).
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In vivo pharmacokinetics and brain targeting characteristics

For the test group rats, after nasal dosing of the DPZ gel solution via a microliter sy-
ringe, the esophagus was ligated in order to prevent the gel formulation from entering GI
tract and further avoid peroral absorption. As a result, the administered dose of the drug
for nasal absorption might be accurate. Moreover, since nasal solution has shorter resi-
dence time relative to nasal in situ gel, a comparison with nasal DPZ solution has not been
implemented in our research.

DPZ concentrations in plasma and brain after nasal administration of the in situ gel
and 7.g. drug solution to rats were calculated from each calibration curve equation. For the
quantitative analysis of DPZ in plasma samples, the obtained calibration equation (A =
111.14¢ + 10000, R* = 0.9982) showed good linearity over the concentration range of 10.0-
800.0 ng mL.. Accuracy of DPZ determination was found to be in range of 96.94-103.50 %.
Intra-day and inter-day precision values were both lower than 5.0 %. Mean extraction
recovery of DPZ in rat plasma at 50.0, 200.0, 600.0 ng mL~" were 97.92, 104.46 and 98.40 %,
respectively. Additionally, as for the analysis of drug in brain samples, the linearity range
was also from 10.0 to 800.0 ng mL™ with correlation coefficient of 0.9994 and the standard
curve equation was A = 105¢ + 4888.2. Intra-day and inter-day precision values were both
less than 2.0 %. Accuracy of DPZ determination was found to be in range of 96.29-104.28 %.
Mean extraction recovery of DPZ in rat brain at 50.0, 200.0, 600.0 ng mL™" was between 97.12
and 104.43 %. In short, the above established methods were suitable for the determination
of DPZ in plasma as well as brain tissues.

The mean plasma concentration-time curves of DPZ after nasal administration of the
gel formulation and i.. drug solution at dose of 10 mg kg™ and obtained pharmacokinetic
parameters are shown in Fig. 3 and Table I, respectively. It could be found that the drug
following nasal dosing was more rapidly absorbed from the in situ gel than from the drug
solution after i.g. administration. The obtained c,,, of the drug in situ gel was 4113.41 ng
mL~, which was approximately 15 times higher than that for the i.¢. drug solution. Mean-

time, t,,,, for the nasal route was found to be only 10 min, which was much less than 55

DPZ conc. in plasma (ng mL~!)

mm_..ﬁ:t}ﬁ\g
N .

0 2 4 6 8
Time (h)

Fig. 3. Mean plasma concentration-time curves of DPZ after nasal administration of in situ gel
(squares) as well as intragastric drug solution (circles) at the dose of 10 mg kg™ to rats. Data are rep-
resented as mean + SD (1 = 5).
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min for 7.g. route. Furthermore, when the AUCs of both the dosing route were compared,
the DPZ gel formulation had higher AUC value, for instance, AUC,,_., for nasal route was
up to 3010.10 ng h mL™, AUC,_, for the latter route, however, was only 780.66 ng h mL™.
Therefore, there was significant difference in ¢, ., c,.., and AUC values between the nasal
gel formulation and the i.g. drug solution (p < 0.01). The relative bioavailability of the DPZ
gel formulation was calculated to be up to 385.6 %, suggesting significantly enhanced
bioavailability as compared to i.g. route. Compared to i.g. drug solution, the rapid absorp-
tion rate and significantly improved bioavailability of the DPZ in situ gel for nasal delivery
in rats may be attributed to avoidance of hepatic first pass metabolism and enhanced drug
permeability through the nasal mucosa by HP-B-CD. Moreover, the prolonged nasal resi-
dence time of the gel formulation also could result in better bioavailability. It also needs to
be pointed out that the above results were in agreement with previous report by Al Asmari
et al. (11), which proved that nasally administered liposomal formulation of DPZ showed
significantly increased bioavailability in rats. The gel formulation in our study, however,
have more advantages such as simple formulation, easy preparation process, better physio-
chemical stability, long nasal residence time over the liposomal formulation. Furthermore,
the DPZ in situ gel could tightly adhere to the nasal mucosa and thereby prolonged the
release and contact time. Thus, the use of the gel formulation resulted in higher systemic
bioavailability as compared with the liposomal formulation.

As depicted in Fig. 4 and Table II, the peak concentration of DPZ in brain (c,,,,) and the
time to reach it (t,,,,) following nasal administration of the in situ gel to rats were found to
be 11218.34 ng mL™" and 14 min, respectively, for the i.¢. drug solution, however, the values
of ¢, and ¢, were 757.85 ng mL-'and 90 min, respectively, suggesting rapid and greater
transport of DPZ into the brain (p < 0.01). Moreover, it was observed that DPZ concentra-
tion in the brain after intranasal in situ gel was far higher at almost all time points than
after the i.g. drug solution. The AUC, of DPZ in brain for the gel formulation was found
to be more than five times greater compared with i.g. drug solution (p < 0.01). The above
results demonstrated better bioavailability of DPZ in brain after nasal administration of
the in situ gel compared to i.g. drug solution. Meanwhile, the DTE value was calculated to be
151.16 %, which was greater than 100, also suggesting superior drug delivery to the brain
with the in situ gel. Our findings were similar to the results of the previous studies showing in-
creased brain bioavailability of liposomal DPZ and the drug nanosuspension following

intranasal dosing in rats (10, 11). Moreover, the brain targeting of nasally administered

Table 1. Main pharmacokinetic parameters of donepezil hydrochloride in plasma after nasal adminstration
of the in situ gel to rats using intragastric drug solution as control. Data are represented as mean + SD (n=15).

Parameter Drug solution (i.g.) In situ gel (i.n.)
Foax (MiND 55+7.75 10 +5.48°
Coax (g ML) 269.35 + 27.06 4113.41 £ 2729.68°
AUC,, (nghmL™ 735.68 +108.41 2718.25 + 1373.592
AUC,.., (ng hmL™ 780.66 + 127.71 3010.10 + 1705.56*
F 385.58 %

r

2p <0.01, compared to the control; F,—bioavailability relative to intragastric drug solution.
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Fig. 4. Mean brain concentration-time curves of DPZ after nasal administration of the in situ gel
(squares) and intragastric drug solution (circles) at the dose of 10 mg kg™ to rats. Data are represented
as mean = SD (1 =5).

DPZ was also confirmed by the pharmacokinetic study accomplished in rabbits, which
indicated that intranasal delivery of the drug through liposomal hydrogel increase the
brain intake of the drug compared to the oral route (12). There can be several reasons for
the increased brain delivery for the DPZ gel formulation. Firstly, one possible reason may
be that the better bioavailability and the greater plasma concentrations of DPZ with the gel
formulation could result in more easily diffusing of the drug across the BBB due to the
higher concentration gradient from the systemic circulation to the brain. In this respect,
HP--CD might play an indirect role in improving brain bioavailability of DPZ gel formu-
lation since it could promote the absorption of the drug across nasal mucosa and therefore
significantly improved the plasma concentration and the bioavailability of the drug in
plasma, which eventually led to enhanced transport of the drug from the blood system
into the brain. Another possible reason may be that P188 in the gel formulation probably
acted as absorption enhancers and furthermore inhibited the efflux system, especially
P-glycoprotein, also increasing the transport across BBB. Finally, the preferential delivery
into brain of the in situ gel may result from the direct transport of DPZ into brain via the
olfactory or trigeminal nerves.

Table II. Main pharmacokinetic parameters of donepezil hydrochloride in brain after nasal administration
of the in situ gel to rats using intragastric drug solution as control®

Parameters Drug solution (i.g.) In situ gel (i.n.)
Fnay (mMin) 90 +0.00 14 £5.48°
Cmax (NE D 757.85 +137.82 11218.34 + 1953.25°
AUC,, (nghg™ 1581.32 + 353.56 8832.22 + 139713
DTE (%) 151.16

2 Data are represented as mean + SD (1 = 5). °p <0.01, compared to the control; DTE — drug targeting efficiency.
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Due to the lack of nasal spray pumps and specific instruments, the aerosol performance
of the gel formulation related to the several important parameters including droplet size,
spray pattern, deposition pattern, efc. was not accomplished in this study, thus our research
group wishes to complete it in near future.

CONCLUSIONS

DPZ thermosensitive in situ gel for nasal delivery was prepared by using P407 and
P188 as main gel materials. The gel formulation exhibited ideal in vitro properties, such as
suitable gelation temperature, short gelation time, approximately neutral pH, obvious sus-
tained drug release. Moreover, pharmacokinetic studies confirmed that the bioavailability
of the drug in situ gel formulation after nasal administration to rats was significantly in-
creased compared to the drug solution after i.g. dosing. Brain targeting investigation also
proved the remarkably enhanced transport of DPZ into the brain by intranasal in situ gel
formulation. Thus, it is anticipated that the DPZ thermosensitive nasal in situ gel will be
an ideal novel delivery system for the treatment of AD’s disease due to lots of advantages
over the other new delivery systems of the drug such as simple formulation, easy prepara-
tion process, convenient dosing, rapid onset of action, decreased dosing frequency, high
bioavailability, significant brain targeting and potentially improved therapeutic efficacy.
Finally, the pharmacokinetics and brain targeting of the DPZ in situ gel formulation in
humans as well as its toxicity or irritation to animal or human nasal mucosa are unknown,
so a further research is also necessary and furthermore very important.
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