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ABSTRACT 

                A nasal mucoadhesive thermo reversible in-situ gel appears very attractive since it is 

fluid-like prior to nasal administration and can thus easily be installed as a drop allowing 

accurate drug dosing. The feasibility of developing an efficacious intranasal formulation of the 

potent antiemetic drug Ondansetron HCL has been undertaken in this work. The ultimate goal is 

to circumvent the first-pass elimination of the drug when taken orally. Poloxamers P407 and 

P188 (20/5% w/v) were used using cold method to prepare thermo reversible gels as they have 

excellent thermo-sensitive gelling properties, water solubility , good drug release, low toxicity 

and irritation. Mucoadhesive polymers like chitosan high molecular weight (HMW), sodium 

carboxymethyl cellulose low molecular weight (LMW) and polyvinylpyrrolidone K30 (PVP) 

were used at concentration of 0.5 % (w/v) to form thermo reversible gels. Three nasal in-situ gels 

with desirable Tsol-gel in the range of 30-35ºC were developed. pH, mucoadhesion, rheological 

measurements, in vitro release and ex-vivo permeation studies were performed to evaluate the 

prepared gels. The incorporation of chitosan to poloxamer polymers showed significant increase 

in the mucoadhesion ability. The prepared gels exhibited non-Newtonian shear thinning behavior 

at 35ºC. Drug contents were in the range of 97.8-100.1%. The release pattern was enhanced by 

the PVP polymer, in opposition; chitosan and NaCMC retarded it. Concerning permeation 

through sheep nasal mucosa, the steady state flux (Jss) of the three formulae was found to be 

3.57, 5.64 and 3.81 µg/cm
2
.min., respectively. No marked alteration in the histological structure 

of the nose epithelial cell membrane of male Wister rats after application of the formed gels was 

observed to confirm their safety. The bioavailability for the optimized formulation was 86.98% 

providing that intranasal route could be promising for Ondansetron HCL delivery.  

 

INTRODUCTION 

           Nasal delivery is increasingly considered to be an alternative route for drugs that currently 

require parentral administration. As a site for systemic absorption the nasal route provide means 

of avoiding first pass metabolism (Ultarwar et al., 2012). The development of in situ gel 

systems has received considerable attention over the past few years. These systems possess 

potential advantages like simple manufacturing process, reduced frequency, ease of 

administration, improved patient compliance and comfort (Miyazaki et al 2003). In-situ gel 

forming drug delivery is a type of mucoadhesive drug delivery system. In contrast to very strong 

gels, they can be easily applied in liquid form to the site of drug absorption, swell to form a 

strong gel capable of prolonging the residence time of the active substance. Both natural and 
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synthetic polymers can be used for the production of in-situ gels. In-situ gel formation occurs 

due to one or combination of different stimuli like pH change, temperature modulation and ionic 

cross- linking (Kant et al., 2011). Poloxamers or pluronics are the series of commercially 

available copolymers of non-ionic nature. They were used as an in situ gel forming polymer 

together with mucoadhesive polymers like NaCMC, chitosan and PVP to ensure long residence 

time at the application site (Alexandridis and Hatton, 1995). 

          Ondansetron hydrochloride (ON) has been used to prevent and control both nausea and 

vomiting after cancer chemotherapy, radiotherapy and surgery.  

Unlike metoclopramide, (ON) is known not to induce the undesirable side effect such as 

extrapyramidal reactions. It should be administered 30 min before chemotherapy, and it tends to 

be discharged by vomiting (Rolia and Del Favero, 1995).  It has been used by oral and 

injectable administration. It is rapidly absorbed orally, but extensively metabolized by the liver 

(Figg et al., 1996). Based on this, the feasibility of developing an effective intranasal 

formulation of the potent antiemetic drug (ON) has been undertaken in this study. 

            The aim of this study was to formulate (ON) in a mucoadhesive in-situ gelling system to 

increase the residence time of the drug in the nasal cavity. The system would allow accurate drug 

dosing. The poloxamer 407/188 gel was used as the base whereby its gelation temperature was 

modulated so as to be liquid at 25°C and gels at 32°C. Additionally, different mucoadhesive 

polymers were used together with poloxamer to fortify the adhesion of the in-situ gel to the nasal 

mucosal surface.  

MATERIALS AND METHODS 

Materials 

Ondansetron hydrochloride dihydrate (ON) was kindly supplied from (Ameriah 

pharmaceutical company, Cairo, Egypt). Risperidone (pharo, Egypt), Zofran 8mg tablets, Danset 

ampoules 4mgm/2ml (glakso, Egypt), Chitosan (Cs) high Mol.Wt, Mucin from porcine stomach, 

Poloxamer 407 and 188 (Sigma–Aldrich Company, St. Louis USA). Haematoxylin–eosin (Bark 

Scientific Limited, UK), thiopental (Epico, Egypt), 0.9% saline solution (Haydelina, Egypt), 

sodium carboxy methyl cellulose (NaCMC), poly vinyl pyrrolidone K30 (PVP), sodium 

hydroxide, sodium chloride, potassium chloride, calcium chloride dihydrate, propylene glycol 

(Fluka Chemika-BioChemika, Switzerland), benzalkonium chloride, iso-propyl alcohol, 

formalin, acetonitrile, zinc sulphat, ammonium acetate, glacial acetic acid, acetonitrile were 

purchased from (Sigma-Aldrich Chemicals St. Louis, MO, USA). Freshly prepared phosphate 

buffer saline solution pH 6.4. All other chemicals were of reagent grade and were purchased 

from (EL-Nasr Company Cairo, Egypt).  

Equipment 

        Electric balance (Sartorius GMBH, Germany), Brookfield DV-III ultra programmable 

cone and plate rheometer fitted with a spindle number 52 and controlled with rheometer 

operating software (Brookfield, USA), dissolution tester apparatus II (Hanson research test, 

USA), UV 240 double beam spectrophotometer (Schimadzu Corporation, Kyoto, Japan), pH 

meter (Genway ltd, UK), Ultra Centrifuge (Jouan, France), magnetic stirrer (Jenway, UK), 

Fridge (Toshiba, Egypt), light microscope (Euromex, The Netherlands), HPLC equipped with 

G1311A quaternary pump and UV detector (VWD-G1314A, agilent, Germany). Thermostatic 

water bath (Poly Science, USA), diffusion cell (designed as per the dimensions given by (Pisal et 
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al), ultrasonic sonicator (Crest Trenton, U.S.A), vortex (snijders, Holland), 0.45µm membrane 

filter (nupore, India).   

 

Preparation of (ON) thermo- reversible gels 

          The formulations were prepared on the weight ratio according to cold method (Pisal et al., 

2004). Medicated in-situ gelling formulations composed of 20/5% w/v P407/P188 were prepared 

with the addition of mucoadhesive polymers namely: NaCMC (LMW), Chitosan (HMW) and 

PVP K30. The drug, benzalkonium chloride and the polymers were stirred in the calculated 

amount of distilled water with proper amount of propylene glycol (10% v/v) at room 

temperature. The dispersions were cooled; the poloxamers were added slowly and then left to 

hydrate at 4°C. (chitosan was dissolved in 0.1N Acetic Acid). Table (1) illustrates composition 

ratio of in-situ gel components. 

 

Visual appearance, clarity and pH of in-situ gel 

         The clarity and color of the formulated solutions determined by visual inspection under 

black and white background (Mahadlek 2008). The pH of the medicated formulations was 

determined by bringing the electrode of the pH meter in contact with the surface of the 

formulation and allowing it to equilibrate for 1 min. The experiments were run in triplicates. 

  

Gelation temperature determination 

              The gelation temperatures of formulations were determined using a modified “Visual 

Tube Inversion Method” (Ur-Rehman et al., 2011). Approximately 4 g of thermo-sensitive gel 

was transferred to vials and incubated in a thermostatic water bath with an increasing rate of 

1ºC/min; an equilibration period of 5 min was applied after each temperature raise. Observation 

of the gel surfaces was taken at every temperature point by tiling the vials to the horizontal 

position, the temperatures at which the surfaces remained immobile within 30 sec were measured 

by an inserted thermometer and were recognized as the gelation temperatures. The measurements 

were performed in triplicate.  

 

Measurement of steady shear viscosity 

          The rheological properties of the in-situ gelling formulations were studied using (cone and 

plate Brookfield viscometer) (Zaki et al., 2007). The measurements were made at 35±0.1°C 

using spindle 52 at a shear rate ranging from 0.5 to 100 rpm. The shear rate (γ) in S
-1 

and the 

viscosity (η) in cps were determined and fitted to the power law constitutive equation: η = m γ 
n-1   

(Tung and Fang, 1994)
 
where m is the consistency index and n is the flow index. If n=1, this 

indicates Newtonian behavior while n<1 indicates shear thinning flow and the lower the value of 

n the more the thinning the formulation (Asasutjarit et al., 2011). 

 

Mucoadhesion measurement 

          The mucoadhesive behavior was evaluated according to the method described by (Hassan 

and Gallo, 1990) based on the idea that the chemical interaction and entanglements between the 

polymer and glycoproteins in mucus causes a rheological synergism. Dried mucin was hydrated 

with simulated nasal electrolyte fluid (SNEF) by stirring for 3 hrs at room temperature. Six 

grams of mucin dispersion were mixed for 15 min with 2 gm of each polymer solutions before 

measurement. The viscosity of mucin (15% w/w) was measured in absence and presence of 

polymer solution to evaluate the mucoadhesion properties of the tested polymer solution. The 
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measurement was done at 35±1 
º
C and shear rates (D) of 10, 20, 50 and 100 s

−1
. All 

measurements were performed in triplicate. The viscosity of mucoadhesion component (ηb) was 

calculated from the following equation:  ηb = ηt − ηm − ηp.  Where ηt is viscosity of mucin with 

polymer, ηm is viscosity of mucin without polymer and ηp is viscosity of corresponding in-situ 

gelling prepared solution. The mucoadhesion index M [cp] was calculated using the shear rate D 

[s
−1

] and the viscosity of mucoadhesion component (ηb) [cp] according to the equation:  

M=ηb*D where (ηb) was calculated from previous eq. and D is the shear rate per second. Since 

(ηb) may decrease with the increase in the applied shear rate D, it was decided to use a high value 

of D to eliminate weakly mucoadhesive materials (Hassan and Gallo, 1990). The SNEF was 

composed of 7.45 mg/ml NaCl, 1.29 mg/ml KCl and 0.32 mg/ml CaCl2. 2H 2O and pH were 

adjusted to 5.5 (Pund and Borade, 2013). 

 

Drug content  

         Accurately measured 1ml of each formula was shaken with 100 ml SNEF until drug 

completely dissolved. The solutions were filtered through whatmann filter paper. Drug content 

was estimated spectrophotometrically at 310 nm using plain SNEF as a blank and was calculated 

using standard calibration curve. The mean percent of drug content was calculated as an average 

of 3 readings.  

 

In-vitro drug release study 

              Drug release was monitored by the USP dissolution test apparatus type II (Zaki et al., 

2007). A dialysis tube containing 1 ml gel formulation was immersed in 500 ml of SNEF as a 

dissolution medium at 35°C ± 0.5°C and rotation at 50 rpm. Aliquots of 1 ml were withdrawn at 

time intervals at 15, 30, 45, 60, 90, 120, 180, 240, 300, 360, 420, 480 min and each aliquot was 

replaced by 1 ml of fresh SNEF. The samples were measured spectrophotometrically as 

mentioned earlier. The experiments were run in triplicates. 

  

Ex-vivo permeation studies using diffusion cell 

             The freshly excised sheep nasal mucosa, except septum part was collected from a local 

slaughter house. The superior nasal membrane was identified and separated from the nasal cavity 

and made free from adhered tissues. Maintaining the viability of the excised nasal tissues during 

the experimental period is crucial. Within 10 min of killing the animal, the mucosa was carefully 

removed, then immediately immersed in phosphate buffer saline solution pH 6.4 for 15 min and 

was aerated (Pund and Borade, 2013). The membrane was mounted in between the donor and 

the receptor compartment of the diffusion cell. The nasal diffusion cell was designed as per the 

dimensions given by (Pisal et al., 2004) as seen in fig(1). 

The position of the donor compartment was adjusted so that the mucosa just touches the 

permeation medium. Formulation equivalent to 0.5 ml of prepared in-situ gel was taken in the 

donor compartment which was in contact with the mucosal surface of the membrane, while the 

receptor compartment was filled with 67 ml of SNEF and its temperature was maintained at 37 

°C. The content of the receptor compartment was stirred using a magnetic stirrer. An aliquot of 1 

ml was withdrawn at suitable time intervals and replaced with the same volume of fresh medium. 

These samples were analyzed spectrophotometrically at 310 nm (Samson et al., 2012; Nisha et 

al., 2012). The experiments were run in triplicates. 
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In-vivo nasal irritation test 

              Briefly, male Wister rats weighing 250–300 g were sedated with an intra-peritoneal 

injection of thiopental (∼45 mg/kg) before each dosing to facilitate nasal administration. The rats 

were divided into 5 groups 3 rats in each group. Group I received 0.9% saline solution in the 

right nostril (-ve control), group II received iso-propyl alcohol in the right nostril (+ve control), 

group III, IV and V received in-situ gel formulae M1, M2 and M3 respectively once daily for 14 

consecutive days, after which, the rats were sacrificed. The nasal septum with the epithelial cell 

membrane on each side was carefully separated from the bone. The septum was fixed with 10% 

formalin, sliced on a microtome and stained with haematoxylin–eosin. The left nostril (un-dosed) 

was used as a control. The slides of control and treated nasal mucosal tissues with the in-situ gels 

were examined using a light microscope (Banchroft and Stevens, 1996). 

 

In-vivo pharmacokinetic study 

Animal handling and drug administration 

           Nine male albino New Zealand rabbits weighing about 2.5±0.1 kg were used. The rabbits 

were housed individually in stainless steel cages, fed a commercial laboratory rabbit diet. The 

rabbits were fasted for 18 hrs prior to and during the pharmacokinetic study. The animals were 

conscious during experiments and held in restrainers during withdrawing blood samples. The 

animals were randomly divided into three groups of three rabbits each. One group received 

400µl (equivalent to 8mg ON) of the selected developed nasal in-situ gel formula deposited into 

both nostrils. The second group received the commercial oral product (Zofran 8mg tablets) 

administered at the back of the pharynx using gastric intubation silicone rubber with one tablet 

set on the tip of the tube and immediately 5ml water was administered through the tube to ease 

swallowing. Finally, the third group received the commercial I .V (2 ampoules of Danset 4mg 

each) injected into the animal marginal ear vein. (Mahajan and Gattani,  2010).  The study was 

conducted according to a 2-period, 2-sequence crossover design with one week wash out period 

between the phases. All animal procedures were approved by the Ethics Committee of Faculty of 

Pharmacy, Cairo University. 

 

Sample collection and analysis  
          After administration of the previously described three different dosage forms, blood 

samples were collected at time intervals of 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16 and 24 hrs. 

Blood samples were centrifuged at 4000 rpm for 15 min to separate plasma which were stored at 

-20ºC pending HPLC analysis.  Risperidone  (internal standard) was added to 0.5 ml plasma and 

the sample was then deproteinized with mixture of 1ml acetonitrile and 50µl 10% w/v zinc 

sulphat solution. The treated samples were vortexes for 2 min, centrifuged at 10,000 rpm for 20 

min .The supernatant then filtered through a nylon membrane filter (0.45µm) and was injected 

into the HPLC column, cyano (CN) (Phenomenex, 250x4.6mm ID, 5mm). The mobile phase 

consisted of a mixture of 50 mmole ammonium acetate adjusted to pH 3.5 with glacial acetic 

acid and acetonitrile (35:65 v/v), filtered through a 0.45µm membrane filter, and degassed by 

sonication prior to use. The flow rate was 1ml/min, and the detection wavelength was 310 nm. 

All measurements were performed at ambient temperature (Shelsha et al., 2011). The 

experiments were run in triplicates. 
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Data treatment and statistics  

             The maximum plasma drug concentration (Cmax) and the time to achieve this peak (tmax) 

were determined directly from the data. The area under the concentration-time curves from 0 to 

the last measurable concentration (AUC0-t) was calculated by the linear trapezoidal rule. The 

(AUC0-∞) was summation of area under plasma concentration-time curve from 0 to time t (AUC 

0-t) and area under plasma concentration-time curve from time t to infinity (AUCt -∞).  (AUCt -∞) 

was calculated by dividing the last measurable plasma concentration with the terminal 

elimination rate constant (Ke). The value of (Ke) was calculated using the least-squares 

regression analysis of the terminal portion of the log plasma concentration vs time curve. The 

elimination half-life (t1/2) was calculated by dividing 0.693 with (Ke). The pharmacokinetic 

parameters, (AUC0-∞), (Cmax), (t1/2), (Ke) were analyzed statistically using one way analysis of 

variance (ANOVA) (Wagner, 1975). The values of AUC0-∞ and Cmax were logarithmically 

transformed before analysis. The (tmax) values were analyzed using Wilcoxon Signed Rank test 

for paired samples. A statistically significant difference was considered when p < 0.05. All 

plasma concentrations data were dose and weight normalized and analyzed using Wagner-

Nelson Method for determination of (ON) pharmacokinetics.  

The absolute bioavailability F (%) of intra nasal administration (IN) was calculated using 

the following equation: F (%) = (AUC 0–t IN ×Dose IV) / (AUC 0–t IV ×Dose IN) ×100. The relative 

bioavailability F (%) of nasal administration was calculated using the following equation: F (%) 

= (AUC 0–t IN ×Dose Oral) / (AUC 0–t Oral ×Dose IN) ×100. (Charlton et al. 2007). 

RESULTS AND DISCUSSION 

Visual appearance, Clarity and pH of in-situ gel 

           Table (2) illustrates the appearance, clarity and pH. All prepared in-situ gels were in 

acceptable range of pH for nasal administration. Greater drug permeation is usually achieved at a 

pH lower than the drug pKa because under such conditions the penetrating molecules exist as 

unionized species. Because the pH of the nasal cavity can alter that of the formulation and vise 

versa, the ideal pH of a formulation should be within 4.5-6.5 (Nishan et al., 2012).  

 

 Gelation temperature determination 

                 It could be concluded from table (2) that, the addition of mucoadhesive polymers 

generally reduced the gelation temperatures. This was in good agreement with that reported by 

(Choi et al. 1998). The gelation temperature-lowering effect of the mucoadhesive polymers 

used could be explained by their ability to bind to the polyoxyethylene chains of the poloxamer 

molecules, which promotes dehydration and causes an increase in the entanglement of adjacent 

molecules with more extensive intermolecular hydrogen bonding, thus producing gelation at 

lower temperature (Ryu et al., 1999). 

 

Measurement of steady shear viscosity 
         As seen in fig.2-5, all gels exhibited non-Newtonian flow and exhibited shear thinning 

behavior as n value ˂ 1. The lower the value of (n), the more shear thinning of the formulation 

(Owen et al., 2000). Mucoadhesive polymers had a viscosity-enhancing effect as revealed by the 

values of the consistency index (m) as shown in table (3).  
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Mucoadhesion measurement 

         Use of polymers with strong mucoadhesive capacities can significantly limit the total 

clearance of the formulation from the nasal cavity (Dodou et al., 2005). Findings show that the 

polymer/mucous mixtures exhibit synergistic rheological profiles, as the viscosity value of the 

mixture is higher than the sum of the corresponding values of separate components at all the 

shear rates investigated (Alsarra et al; 2009). Table (3), represents the extent to which the 

viscosity of the polymer mucin mixture differs from the expected value, based on the addition of 

polymer and mucin contributions which is the viscosity component (ηb). As seen in table 3 the 

mucoadhesive force (F) calculated at D = 40 S
-1 

were 6520, 11000 and 3920 (dyne/cm
2
) for M1, 

M2 and M3 respectively and their viscosities and mucoadhesion forces are listed in Table (3). 

The values and forces of mucoadhesion for formula M2 are significantly higher than for 

M1 (P˂0.01) and M3 (P < 0.001). This indicated that formula M2 is able to interact more 

strongly with mucin due to hydrogen bonding between mucin and chitosan and the electrostatic 

interaction between the amine function of chitosan and sialic acid and sulfonated residues of 

mucin may be possible (Suknuntha et al., 2011). 

 

Drug content  

           As seen in Table (2), the drug content was found to be in acceptable range for all three 

formulated in situ gels. It was in the range 97.8-100.1% that indicates uniform distribution of 

(ON) in the gels. 

 

In-vitro drug release study 

            The release profiles of (ON) mucoadhesive nasal in situ gels (formulae M1, M2, and M3) 

in Fig. 6 Show that in-situ gel with PVP K30 enhanced drug release when compared to in-situ 

gel without mucoadhesive polymers (formula M). This enhancement was attributed to the water 

soluble nature of PVP which allowed more rapid penetration of dissolution medium into 

semisolid matrix and initiated surface dissolution/erosion (Jones et al., 1999). The retardation of 

drug release with NaCMC and Chitosan could be due to the possible squeezing effect on the 

aqueous channels of poloxamer micelles through which drug diffuses as well as to an increase in 

overall product viscosity (Desai and Blnchard, 1998). The correlation coefficient value R
2
 was 

found to be ˃0.95 indicating goodness of fit of the data in the Korsmeyer–Peppas equation. 

When n is equal to 0.5, the fraction of drug released is proportional to the square root of time 

(Higuchi kinetics) and the drug release is solely diffusion controlled (Fickian diffusion kinetics). 

If n = 1, indicates drug release is swelling controlled (zero-order kinetics), while if 0.5 < n < 1 

indicates anomalous transport and superposition of both phenomenon (non-Fickian kinetic) 

(Zaki et al., 2007). The results of the in vitro dissolution study revealed the non-Fickian (n = 

0.5977) or anomalous behavior of release of (ON) from the in situ gel (M2) as shown in table 

(4). This indicates that the dissolution of the gel controlled the (ON) release. The decrease in the 

diffusion rate of drug with time due to decrease in the concentration gradient can be due to gel 

dissolution. 

 

Ex vivo permeation studies  

          To be successfully delivered through the nasal route, drug candidates should have 

adequate permeability. Fig. (7) and table (5) illustrate profile of (ON) permeation through sheep 

nasal mucosal membrane. Linear regression analysis of pseudo-steady state diffusion data 

allowed calculation of the steady state flux (Jss) and were found to be 3.57, 5.64 and 3.81 
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µg/cm
2
.min., respectively. The apparent permeability coefficients (Papp) were 0.06, 0.0945 and 

0.0638 cm.min 
-1 

.Diffusion coefficient (D) were 0.55, 1.566 and 0.7162 cm
2
.min

-1
. Ranking the 

three formulae in descending order according to percent amount of drug permeated/cm
2
 after 300 

min, we find M2≥ M1≈ M3. Formula M 2 containing chitosan as a mucoadhesive polymer 

showed higher percent of drug permeated and this is related to higher mucoadhesion ability of 

Chitosan. The pKa of (ON) is 7.4 (Rolia and Del Favero, 1995), so it will be ionized at 

physiological pH (5-6.5) and hence will polar. As polar drugs with molecular weight less than 

1000Da they generally pass the membrane by paracellular route (Pires et al., 2009). 

 

In-vivo nasal irritation test 

         The successful use of mucoadhesive nasal delivery systems is not only limited to their 

mucoadhesion efficacy, but of equal importance is their safety. After treatment the epithelial cell 

membrane of male Wister rats with the three prepared in-situ gels (M1, M2 & M3), no signs of 

irritation such as vascular congestion or sub-epithelial edema were observed and no marked 

alteration as compared to negative control from the histological structure as seen in Fig.8 (A-E). 

 

In-vivo pharmacokinetic study 

            The concentration of ON in rabbits
, 
plasma was determined by a validated HPLC assay. 

Fig. 9 shows a representative chromatogram for rabbit plasma containing (ON) and risperidone 

(IS) that were well separated at retention times 4.94 and 5.7 min. respectively. The mean 

percentage recovery of (ON) from spiked plasma samples was 97.85% and the mean correlation 

coefficient of the standard curve was 0.9973. The bioavailability of in situ (ON) gel was 

determined for the optimized formulation M2 (composed of 2% (ON), 20% poloxamer 407, 5% 

poloxamer 188, 10% PG and 0.5% chitosan) due to its high drug contents, slow release rate and 

highest permeation. In situ gel formula M2 was compared to commercial oral tablets and 

intravenous solution having the same (ON) dose. The mean plasma drug concentration-time 

profiles after administration of the IV, oral as well as the in-situ gel of (ON) are illustrated in fig 

10. From the profile Plasma data of mucoadhesive nasal in-situ gel two peaks at 0.5 and 2 hr are 

seen. The first one corresponded to direct absorption from nasal cavity and the second to oral 

drug absorption that might have occurred due to portion of drug solution swallowing before 

conversion into gel following nasal instillation. Table 5 shows Plasma pharmacokinetic 

parameters for different routes formulations. 

         The Cmax values were 165.4±15.15 ng/ml, and 324.1±20.18 ng/ml for oral tablets and nasal 

in-situ gel respectively. Statistical analysis revealed that the Cmax was significantly higher in case 

of the nasal in situ gel (P ˂ 0.001). Concerning the rate of absorption, the results show that tmax 

values were 2 hr and 0.5 hr for oral tablets and nasal in-situ gels respectively. Statistical analysis 

revealed that the tmax was significantly higher in case of nasal in situ gel when compared to oral 

tablets (P ˂ 0.001). The high values of plasma mean residence time (MRT) of (ON) obtained 

from nasal in-situ gels (6.38 hr) than in case of IV solution (2.46 hr.) indicates a sustained drug 

release. Statistical analysis revealed that the (MRT) was significantly higher in case of nasal in 

situ gel when compared to oral tablets (P ˂ 0.001). The calculated rate of elimination (Kel) values 

of nasal in-situ gel (0.119 hr 
-1

) was significantly lower than that of IV (0.375 hr.
-1

) (P ˂ 0.01). 

Significant difference was found between plasma (AUC0-∞) of nasal in-situ gel (1026.815 

ng.hr./ml) and oral tablets (695.76 ng.hr./ml) (p ˂ 0.05) indicating the nasal route achieves 

excellent absolute and relative bioavailability of (86.98%) and (147.5%) respectively for nasal 

in-situ gel. Improved nasal over oral bioavailability has been previously reported for verapamil 
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chitosan microspheres (Abdel Mouez et al., 2014). Chitosan has been reported to improve 

bioavailability by achieving dual effect: its ability to increase the epithelial permeability and its 

mucoadhesive nature (Hinchcliffe et al., 2005).  

 

CONCLUSION 

             Taken together, the mucoadhesive nasal in situ gel was developed in the present study, 

so as to have favorable gelation, rheological and release properties in vitro. It has demonstrated 

an adequate safety to the nasal mucosa of rats.  Nevertheless, the most prominent advantage of 

the in situ gel over the silent gel is that it is fluid-like prior to contact with the nasal mucosa: a 

feature that is warranted for convenience of administration for patients, accuracy of drug dosing 

and avoidance of the bitter taste of the antiemetic drug. Intranasal (ON) in situ gel could be 

considered as an alternative route for both oral and intravenous administration.  

 

 
Fig. (1): Designed nasal diffusion cell 

 

Table (1): Composition of prepared (ON) in-situ gels 

Form 
Drug 

%w/v 

P407/P188 

%w/v 

Muco-polymer 

%w/v 

PG 

%v/v 

Benzalc-Cl 

%w/v 
solvent 

M 2 20/5 --- 10 0.002 Dist .H2O 

M1 2 20/5 0.5NaCMC 10 0.002 Dist .H2O 

M2 2 20/5 0.5 chitosan 10 0.002 0.1N acetic a. 

M3 2 20/5 0.5 PVPK30 10 0.002 Dist .H2O 
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Table (2): physical characters of prepared (ON) in-situ gels 

Form Appearance pH 
Mean T  sol-gel 

(ºC) 

Drug content 

(%) 

M Turbide-white 6.6± 0.1 34±1 98.6±1.0 

M1 Turbide-white 6.2±0.1 32±1 100.1±1.2 

M2 Clear-pale yellow 5.4±0.1 33±1 99.9±1.8 

M3 Turbide-white 6.4±0.1 31±1 97.8±1.7 

Mean ± SD, n = 3 

 

Table (3): Viscosity measurements of mucoadhesion and power law parameters of (ON) 

prepared thermo reversible in-situ gels 

 

Form 

 

m 

 

n 

 

Rheological 

behavior 

Polymer 

Viscosity 

(ηp), 

(cps) 

Mucoadhesion 

Viscosity 

Component 

(ηb) 

(cps) 

Force of 

Mucoadhesion F 

(dyne/cm
2
) 

M  0.2353 
Non-

Newtonian 
- - - 

M1 8007.56 0.2388 
Non-

Newtonian 
225±55 163±23 6520±920 

M2 14057.24 0.1842 
Non-

Newtonian 
450±68 275±36 11000±1440 

M3 6586.67 0.2197 
Non-

Newtonian 
96±13 98±18 3920±720 

Consistency index (m),   flow index (n), Polymer viscosity (ηp), the mucoadhesion Viscosity 

component (ηb), and force of mucoadhesion(F) 

Mean ± SD, n = 3 

 

 

        

         Fig. (2): The shear viscosity of M                       Fig. (3): The shear viscosity of M1 
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Fig. (4): The shear viscosity of M2                      Fig. (5): The shear viscosity of M3 

 

 

 

Fig. (6): Release profile of (ON) from M, M1, M2, M3 in SNES 

 Mean ± SD, n = 3 

         

  Table (4): Data analysis of (ON) released from prepared nasal in-situ gels 

 

Form 

Zero 

order 

R
2
 

First 

order 

R
2
 

Higuchi 

 

R
2
 

Peppas 

 

R
2
 

Release 

exponent 

(n) 

Release 

mech. 

M 

 
0.9583 0.8521 0.9924 0.9824 

0.5225 

 
Fickian 

M1 0.7761 0.8615 0.9009 
0.9542 

 

0.501 

 
Fickian 

M2 0.8752 0.9484 0.9642 
0.9512 

 

0.5977 

 

Non-

Fickian 

M3 

 
0.9127 0.9237 0.9816 0.9952 

0.5247 

 
Fickian 
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Fig. (7): Ex- vivo permeation of (ON) from in situ gels M1, M2, M3. 

Mean ± SD, n = 3 

 

 

 

  
 

  

 

A: Saline  

B: isopropyl alcohol  

C: In-situ gel (M1)                                                                                                          

D: In-situ gel (M2) 

E: In-situ gel (M3) 

Fig. (8): Light photomicrograph of the anterior cross-section of the rat nasal cavity 

following administration of in situ gel formulations M1, M2 and M3 

                                 

 

A B C 

D E 



Az. J. Pharm Sci. Vol. 50, September, 2014 
 

203 

 

Table (5): permeability parameters of (ON) from prepared nasal in-situ gels (M1, M2, M3) 

Formulae 
FLUX (Jss) 

µg/cm
2
.min 

Papp 

cm.min
-1

 

D 

Cm
2
.min

-1
 

K 
tl 

Min. 

M1 3.5668 0.06 0.553 0.011 0.00301 

M2 5.6405 0.0945 1.566 0.006034 0.001064 

M3 3.8069 0.0638 0.7162 0-008908 0.00233 

 

 

Table (6): Plasma pharmacokinetic parameters 

parameter IV Oral Nasal In-situ gel (M2) 

(ON)Dose 8mg 8mg 8mg 

Cmax(ng/ml)
*
 ------ 165.4±15.15 

324.1±20.19 

 

tmax 

(hr.) 
--- 2 0.5 

AUC0-24 

(ng/ml.hr)
*
 

1124.31±110.6 654.98±58.98 975.9±144.96 

AUC0 -∞ 

(ng/ml.hr)
*
 

1180.58±158 695.76±55.21 1026.815±162 

MRT 

(hr)
 *

 
2.46±0.36 4.25±0.4 6.38±0.23 

Kel 

(hr
-1

)
*
 

0.375±0.024 0.294±0.114 0.119±0.004 

Mean ± SD, n = 3 

 
Fig. (9): Representative chromatogram of (ON) and Rispridone (IS) 
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Fig. (10) Mean plasma conc.-time profile IV, Oral and 

Nasal in-situ gel of (ON). 

Mean ± SD, n = 6 
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 الولخص العربً

 صياغة و تقيين هلام هىضعً هعكىس الحرارٍ للأستخذام عي طريق الأًف يحتىي علً

 أوًذاًستروى هيذروكلىريذ ثٌائً الهيذرات

 الذكاترة للسادة
 * ايٛسة عبد انحهٛى بصٛهت - *ايبل ٕٚسف عبد انسحٛى -غبدة احًد عبد انببز٘ 

 يــــــــــــــــــه
 كهٛت انصٛدنت خبيعت انقبْسة. –ٛدنت انصُبعٛت قسى انصٛدلاَٛبث ٔ انص

 انٓٛئت انقٕيٛت نهسقببت ٔانبحٕد اندٔائٛت  -* قسى انصٛدلاَٛبث 

 

ٚخبء اندٔائٗ عٍ طسٚق انحقٍ أٔ انفى ٔخبصت فٗ نلإٚخبء اندٔائٗ الأَفٗ أٌ ٚكٌٕ بدٚلا لإاثبخج دزاسبث سببقّ قدزة ا   

نٗ يب نلأَفف إضبفت إٌٔ ْٛدزٔكهٕزٚد َظسا نسٕٓنت حعبطٗ انعقبز عٍ طسٚق الأَف حبنّ الأدٔٚت انًضبدة نهقئ يثم الأَٔداَسخس

َٔداَسخسٌٔ فٗ أَظًت اٚخبء لأٔعهٗ ذنك فبٌ انٓدف يٍ ْرا انعًم ْٕ صٛبغت انٗ انًخ. إيٍ قدزة عهٗ انخٕصٛم انًببشس نهعقبز 

حفى اسفخاداو  .يًفب ٚفىدٖ انفٗ شٚفبدة احبحخٓفب انحٕٛٚفت دٔائٛت داخم الأَف عهٗ ْٛئت ْلاو ٚطٛم يٍ يدة بقبئٓب ففٗ انخدٕٚفف الأَففٗ

يعكففٕض انحففسازِ ٔ انبففٕنًٛساث انخففٗ حهخصففق ببنًاففبط يثففم شففٛخٕشاٌ ،ٔشٌ خصٚففئ يسحففف     188,  407ْففلاو انبٕنٕكسففبيٛس 

% ٔ كفبٌ حسكٛفص 0.5  بخسكٛفص K30كبزبٕكسٗ يٛثٛفم سفهٕٛنٕش انصفٕدٚى ،ٔشٌ خصٚفئ يفُافب  ٔ بٛسٔنٛفدٌٔ ،عدٚفد انفُٛٛفم 

 % .10انعقبز فٗ انٓلاو الأَفٗ 

يفٍ  حى حقٛٛى ْرة الأَظًت صٛدنٛآ ٔ حٕٛٚآ بدزاست انًعبٚٛس انًاخهفت يثم: دزخت حسازة انخحفٕل انفٗ ْفلاو ،دزخفت انفخٓهى           

و  ٔ ْففٕ انُطففب   35-30َطففب  % نففّ دزخففت حٓهففى فففٗ 20/5  ٔخففد اٌ انخسكٛففص 188ٔ  407انخسكٛففصاث انًاخهفففت نهبٕنٕكسففبيٛس 

رنك حًج اخخببزاث انهصٔخت ٔ قٕة الانخصب  ببنًابط ٔ حعٛفٍٛ الاَطفلا  انًعًهفٗ نهعقفبز ففٗ انًُشٕد لاسخاداو انٓلاو الأَفٗ. ٔك

يحهٕل ذائب كٓسببئٗ يًبثم نلأَف ببسخاداو غشبء انسهٛهٕش كًُٕذج يعًهٗ ٔ كًب أخسٚج دزاسفت نخقٛفٛى حاهفم انعقفبزيٍ انٓفلاو 

ايب ببنُسبت نُفبذٚت الأَٔداَسخسٌٔ خلال انغشبء انًابطٗ فقد كبٌ يسحفف  يفٍ انٓفلاو .يعكٕض انحسازة خلال الأغشٛت انًابطٛت.  

كًب اٌ ْفرة الاَظًفت انٓلايٛفت نفى ح حفدد اٖ  انرٖ ٚحخٕٖ عهٗ بٕنًٛس انشٛخٕشاٌ يقبزَت ببنٓلاو انًحخٕٖ عهٗ بٕنًٛساث أخسٖ.

ب انُسٛدٗ نلأَف  يقبزَفت ببنًدًٕعفت انضفببطت انسفهبٛت  ٔاخٛفسا أسففسث دزاسفت الإحبحفت انحٕٛٚفت حغٛٛسيٓٛح يهحٕظ فٗ انخسكٛ

يقبزَفت  ببلاٚخفبء عفٍ طسٚفق  86,98 انًاخبز بإسخاداو طسٚقت كسٔيبحٕخسافٛب ضغظ انسبئم انعبنٗ عٍ قٛى %  نهٓلاو انًٕضعٗ

ثبخفت  بفرنك إيكبَٛفت إسفخاداو انطسٚفق الأَففٗ كطسٚفق فعفبل ي ببلاٚخفبء عفٍ طسٚفق انففى  ،انُسفبٙ   147 %5.ٔ  انحقفٍ ،انًطهفق 

  ْٛدزٔكهٕزٚد. َٔداَسخسٌٔعقبز الأ  نخٕصٛم


