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Abstract 
Sumatriptan(ST) is a selective agonist at serotonin 5-HTI receptors, as well as 5-HT1B/1D subtypes. It 

is effective for acute migraine attacks, but has a short half  life (about 2 hours) and low oral bioavailability (15%). 

The purpose of this study was to develop and optimize nasal mucoadhesive in-situ gel(IG) of ST to enhance nasal 

residence time for migraine management. Cold method was used to prepare different formulas of  ST nasal IG, 

using thermosensitive polymers (poloxamer 407  alone or with poloxamer 188) with a mucoadhesive polymer 

hyaluronic acid (HA) which were examined for gelation temperature and gelation time, pH, drug content, gel 

strength, spreadability, mucoadhesive force determination, viscosity,  in-vitro drug release, and the selected 

formula was subjected to fourier transform infrared (FTIR) compatibility studies, and to ex-vivo permeation study, 

histological evaluation of the sheep mucosal tissue after ST nasal gel application for  6 hours.The results showed 

that the formula IG7 prepared from poloxamer 407(19%), poloxamer188 (4%) and HA (0.5%)   had an optimum 

gelation temperature (32.66±1.52°C), gel  strength (43.66± 1.52 sec),  mucoadhesive force (8067.93± 

746.45dyne\cm2), in-vitro drug release (95.98%) over 6h, ex-vivo permeation study (89.6%)  during the 6 h. study 

with no  histological or pathological change in the nasal sheep tissue and no interaction between drug and other 

additives in IG7. Formulation of ST as a nasal insitu gel to avoid first pass metabolism and ease of administration 

coupled with less frequent and sustained drug release, will enhance patient compliance. 

Keywords: In-situ gel, poloxamer407, poloxamer188, hyaluronic acid, sumatriptan. 
 

ة تحسسبوليمرات م باستخدامموضعيا  مخاطبصياغة وتقييم مادة سماتربتان كهلام أنفي يلتصق 

 للحرارة
 **كساب جلال حنان و  1*،الكوفيحسين كاظم 

 

 .العراق ، ذي قار ذي قار، جامعة ، الصيدلة ةكلي ، العلوم المختبرية والسريرية فرع* 

 .العراق ، بغداد ، بغداد جامعة ، الصيدلة ةكلي الصيدلانيات، فرع** 
 الخلاصة

مل التي تعمل على مستقبلات السيروتونين وتستعالغرض من البحث هو تطوير وتقييم سائل هلامي يلتصق مخاطيا من مادة سماتربتان  

 في علاج الشقيقة لتحسين فترة البقاء في الانف ، كون العقار لديه عمر نصف داخل الجسم قليل و توافره الحيوي عن طريق الفم منخفض. 

لوحده او مع  704ت حساسة للحرارة )بولكسمر تم تحضير تراكيب مختلفة من السائل الهلامي لمادة سماتربتان بطريقة التبريد بواسطة مزج بولميرا

( مع بولمير لاصق مخاطيا )حامض الهيلورونيك( و تم اختبارهم للكشف عن احسن مزيج الذي لديه درجة حرارة تحول من السائل  811بولكسمر 

والانتشار وتحديد قوة اللصق و وتحرير الدواء الى الهلام مناسبة وكذلك فترة بقائه كهلام. كذلك تم فحص درجة الحموضة وانتشار الدواء واللزوجة 

فاعل ت في المختبر كما تم دراسة نفاذ الدواء عبر نسيج الغنم للصيغة المختارة والفحص النسيجي لها بعد اكمال التجربة ، كذلك فحص اذا حدث اي

 كيميائي مع باقي مكونات التحضيرة.

 حامض الهيلورونيك ( و%7)  811وبولكسمر (%81) 704بولكسمر من المتكون  IG7 السابعة التركيبة في الهلام ان النتائج اظهرت

 بالغشاء التصاق وقوة( ثانية 6..8± 76.33التماسك ) وقوة( درجة سيليزية 6..8 ± 66.33)الهلام تكوين حرارة درجة احسن ( يمتلك 0.5%)

 طريق عن العابر الدواء خلال الساعات الست للتجربة وكمية ( %1..11المتحرر ) الدواء وكمية(6سم/داين .473.7± 1034.16المخاطي )

 بعد التجربة  اظهر امان الدواء و عدم وجود تغير نسيجي مرضي للغشاء النسيجية خلال ست ساعات والدراسة ( %11.3غشاء  انف الغنم )

 والاوعية الدمويه. بالخلاية تحطم ولايوجد

عن طريق الانف بتكرار اقل  واستمرار تحريرالعلاج  لفتره طويلة وكذلك يحسن استقبال المريض  الاستنتاج هو سهولة إعطاء علاج سماتربتان 

 للدواء.
 . سماتربتان ،هليرونك اسد ،111 بولكسمر ،704ولكسمر،  موضعي هلام: المفتاحية الكلمات
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Introduction  
Drug delivery by nasal route is one of the 

challenging endeavors facing the pharmaceutical 

technologist today. From the pharmacokinetic 

standpoint, intranasal administration of drug avoids 

first-pass metabolism and prevents incomplete 

absorption in the gastrointestinal tract which leads to 

improving the bioavailability(1). 

Therefore, approaches enhancing the nasal 

bioavailability is either by prolonging the contact 

time with the nasal surface via a viscosity-enhancing 

agent or in-situ gelling polymers or both approaches. 

 An in-situ gel is a drug delivery system that exhibits 

sol-to-gel phase transition due to a change in 

specific physicochemical parameters such as ionic, 

temperature or pH(2). 

Thermoreversible polymers are substances 

having both solid and liquid-like properties which 

can be transported as a fluid and solidifies within the 

body temperature. The formulation has the 

advantage to stop the anterior leakage of the dosage 

form, reduce the taste impact and enhance the nasal 

bioavailability(2). 

However, modern research turned 

extraordinary attention to hyaluronic acid (HA), a 

naturally occurring mucoadhesive polymer which, 

besides being biodegradable, showed to be highly 

biocompatible(3). 

ST is a 5-HT1D and 5-HT1B (5-

hydroxytryptamine) receptor agonist used in the 

treatment of a cluster headache and migraine. 

Parental or oral routes are usually used to administer 

ST. However, a large proportion of patients suffer 

severe vomiting during their migraine attack, which 

may make oral management unacceptable. 

ST has an oral bioavailability of 15%; 

however, the problems associated with nasal 

delivery of ST solution is the low residence time in 

the nasal cavity (around 15minutes) resulting in low 

bioavailability, the remaining dose ST nasal solution 

is swallowed,  

 

 

and it arrives in the gastrointestinal tract where it is 

absorbed(4,5). The formulation of ST nasal in-situ gel 

using  the thermosenstive polymer poloxamer and 

mucoadhesive polymer HA will enhance permeation 

and allow longer residence time and  delay nasal 

clearance to avoid first pass metabolism, coupled 

with less frequent, ease of administration, is a 

promising dosage form to enhance patient 

compliance. 

Material 

ST, poloxamer407, poloxamer188 and HA 

was purchased from Hyperchem(China). Sodium 

chloride, calcium chloride and potassium chloride 

were purchased from Central Drug House, India. 

Benzalkonium chloride was provided by (Pioneer, 

Iraq). Substance and reagent used were all of 

analytical grade. 

Melting point determination and DSC 

The melting point was determined by using 

an open capillary tube technique as submitted by the 

United States Pharmacopeia (USP)(6) and   

Differential scanning calorimetry (DSC) was used to 

evaluate the thermal behavior of pure drug using a 

DSC-60 (Shimadzu 60 plus Japan). A small amount 

of ST was closed in standard aluminum pans and 

then the temperature was raised from 50°C upto 

300°C at a heating rate of 10°C/min(7). 

Preparation of nasal in situ gel containing ST 

Nasal IG of ST was prepared using the cold method. 

The cold method involved slow addition of 

poloxamer407 alone or with poloxamer188 in cold 

water with continuous agitation. This dispersion was 

stored overnight at 4°C. The drug (ST 5mg/ml)  and  

other additives (mucoadhesive polymer HA(0.5%, 

1.0%), preservative (Benzylkonium chloride) were  

added to the poloxamer dispersion (Table 1) with 

continuous agitation in the next day. The formed 

mixtures were kept overnight at 4°C. The nasal gel 

formulation having satisfactory gelation 

temperature (30-37°C) was selected as optimized 

formulation(8). 

Table1. Composition of ST nasal thermosensitive gel formulas 
 

Formula No. Drug 

mg 

Poloxamer407 

(%w/v) 

Poloxamer 

188 

(%w/v) 

HA 

(%w/v) 

Benzylkonium 

chloride 

(%w/v) 

DW 

ml 

IG1 50 16 ---- 0.5 0.01 10 

IG2 50 16 ---- 1 0.01 10 

IG3 50 19 ---- 0.5 0.01 10 

IG4 50 19 ---- 1 0.01 10 

IG5 50 16 4 0.5 0.01 10 

IG6 50 16 4 1 0.01 10 

IG7 50 19 4 0.5 0.01 10 

IG8 50 19 4 1 0.01 10 
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Gelation temperature 

Gelation temperature is the temperature at 

which the liquid phase makes a transition to gel. A 

gelation temperature range suitable for nasal IG  

formulation would be 32-34ºC. If the gelation 

temperature is lower than 32ºC, gelation occurs at 

room temperature leading to difficulty in 

manufacturing, handling and administering. If the 

gelation temperature is higher than 34ºC, the 

formulation will stay as a liquid at body temperature, 

resulting in nasal drainage(9). The gelation 

temperature was determined by placing 2ml of the 

refrigerated formula(IG1-IG8) in a 10 ml test tube 

with a diameter 1.0cm and closed using parafilm. 

The tube was placed in a water bath at a temperature 

of about 4°C. The water bath temperature was 

incremented slowly (3°C) at the beginning of the 

experiment, and then 1°C  when the temperature 

reached the region of the sol-gel transition 

temperature, and equilibration was allowed for 

10min after each temperature increment until 

gelation occurred. The test tube was tilted 90°, to 

confirm gelation has occurred, and the meniscus of 

the preparation did not move during slanting, this 

was recorded as the gelation temperature(10). 

Gelation time 

Accurately 5ml of the prepared IG 

formulas (IG1-IG8) was added to 50 ml of simulated 

nasal fluid(SNF) at 34±2°C in a beaker with  mild 

stirring  (50 rpm) to avoid breaking of formed IG.  

SNF (pH 6.5) is  composed of 7.45mg/ml, NaCl 

1.29mg/ml, KCl and 0.32 mg/ml, CaCl2.2H2O  

prepared under continuous shaking for 24h in a 

thermo-stated shaking water bath maintained at 37 

°C (11) . 

Gelation time was observed visually by qualitative 

measurement and reported in terms of strokes and 

calibrated in three groups depending on gel stiffness, 

gelation time and duration 

 (+)gelation happens after few minutes, 

stays for a few minutes and rapidly 

dispersed  

 (++) gelation happens, immediately and 

continues for a few hours,  

 (+++) gelation happens, immediately and 

continues for an extended period(12). 

Drug content 

Accurately, 1ml of the formulation was 

diluted to 10 ml with SNF, and then 1 ml of this 

solution was again diluted to 10 ml with  SNF.  

 

Finally, the absorbance of the prepared solution was 

measured at 282 nm using UV visible 

Spectrophotometer ) EMC LAB-Germany((7). The 

samples were taken from three different regions of 

the gel from the upper, middle and bottom of the IG, 

and the mean drug content was  measured. 

pH measurement 

The pH of nasal preparation is essential, 

mainly to prevent the growth of pathogenic bacteria, 

to avoid irritation of the nasal mucosa and to sustain 

normal physiological ciliary movement(13). The pH 

of the prepared IG formulas (IG1, IG2, IG7, IG8) 

was measured at room temperature using pH meter )

Hanna-Italy  ( . 

Mucoadhesive force determination 

Mucoadhesive force is the power of 

adhesion of the formula to the nasal mucosa. The 

modified balance technique was used with a beaker 

at one side of the balance, and on the other side, a 

vial was fitted with sheep nasal mucosa (with a 

thickness of 0.6mm cut from the sheep nose mucosa 

obtained from slaughtered sheep). The nasal mucosa 

was fitted on the bottom of the vial, as shown in 

figure 1. The vials were kept at 32–34°C for 10 min. 

Then  1 ml of the gel sample was placed in a watch 

glass underneath the vial fitted with the nasal tissue. 

The vial was pressed down to the gel sample for one 

min as initial contact time. Then water was added to 

the beaker slowly on the other side of the balance 

using a pipette(14). 

 The mucoadhesive force was calculated by 

determining the weight of water required to separate 

the  mucosa from the gel by  equation (1) :  

 
𝐷𝑒𝑡𝑎𝑐ℎ𝑚𝑒𝑛𝑡 𝑓𝑜𝑟𝑐𝑒 (

𝑑𝑦𝑛𝑒

𝑐𝑚2 )  =
𝑚 ×𝑔

𝐴
      Eq.(1) 

 

 Where; m is the required weight (g) for detachment, 

g is the acceleration (980 cm/s2) due to gravity, and 

A is the exposed tissue area which is 3.14 cm² in all 

preparations(15). 

 

 
Figure 1. Modified mucoadhesive force 

measuring balance 

 

Gel strength  

A sample of 5 g of the gel was put in a 10ml 

graduated cylinder and placed in a thermostatically 

controlled water bath at 37°C for 30 minutes for 

gelation of the formulas. A mass of 3.5g was placed 

on the surface of the gel. The gel strength was 

determined by the time in seconds required by the 

weight to penetrate 0.5cm deep into the gel(16). 

Spreadability test 

The spreadability of the IG formulas (IG1, 

IG2, IG7, IG8) was determined by placing 

approximately 1g of the IG formula after complete 

gelation at a glass plate center (square area = 

400cm2). Another glass plate (same size) was used 

to cover the glass plate containing IG formula. The 
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initial diameter of the IG was marked.  Then, 1k 

scale weight was gently placed on the plate upper 

side for one min; as a consequence, the IG expand 

out in between the plates. Then the final diameter 

was marked after removal of the weight and the 

spreadability was measured in cm(17). 

Viscosity 

The viscosity measurements were carried 

out by (digital viscometer NDJ-5S  model,  spindle 

4). The viscosity measurements were performed at 

34±1°C to ensure gelation of the formulas. The gel 

was allowed to rotate for 1 min before viscosity 

measurement. The temperature detecting probe was 

lowered in the gel, and the temperature of the gel 

was recorded (7). 
In-vitro release study of ST in-situ nasal gel 

In-vitro drug release from the gel was 

determined for (IG1, IG2, IG7, IG8) by using a 

thermoregulated Franz diffusion cell 

system)Copley-USA),  against control  (5mg/ml ST 

aqueous solution ) fitted with artificial dialysis 

membrane (MWCO 1200-1400 kDa) that was 

soaked in the receptor medium for 2 h before use. 

SNF (12 ml) pH6.5 was added into the receptor 

chamber maintained at 34±1°C. Gel with weight 

equivalent to 5mg of ST was placed into the donor 

compartment, and the whole setup was kept on 

stirring option. Aliquots of 1ml were removed at 

predetermined time intervals from the receptor 

compartment and replaced with fresh SNF, for 6h. 

The samples were diluted with 10 ml SNF and 

analyzed spectrophotometrically at 282nm, and the 

amount of the drug released was determined and the 

study is repeated in triplicate. Release kinetics was 

studied for the selected formula by using DD solver 

software(9,18). 
 

Ex vivo permeation study 

The ex vivo permeation studied was 

conducted using sheep nasal mucosal membrane. 

The sheep nasal mucosal membrane was mounted in 

between the donor and the receptor compartment of 

the diffusion cell (Copley-USA). Formulation 

equivalent to 5 mg of drug was placed in the donor 

compartment which was in connection with the 

mucosal surface of the membrane, while the 

receptor compartment was filled with 12 ml of SNF 

and its temperature was maintained at 34±1°C. The 

content of the receptor compartment was 
continueously stirred by magnetic stirrer. A portion 

of 1ml was withdrawn from the receptor 

compartment at suitable time intervals and replaced 

with a similar volume of fresh SNF. The samples 

were diluted with 10 ml SNF and analyzed 
spectrophotometrically at 282nm and the amount of 

the drug released was determined and the release 

was repeated in triplicate (7,9). 

Permeability coefficient(cm/s) of the drug  

was  calculated by using the equation 2, 

Permeability coefficient= 

(𝐷𝐶
𝐷𝑇 ⁄ )𝑆𝑆 ×

𝑉

𝐴×𝐶𝐷
     Eq(2) 

Where (dc/dt) ss(μg mL−1s−1) alteration of 

concentration under steady-state; A is the 

permeation area equal (3.14cm2); v (mL) the volume 

of the receiver section; and CD (μg mL−1) is the 

original donor concentration(9). 

Histopathological studies 

After ex-vivo permeation study with ST 

nasal gel formulation, the histopathological 

evaluation of the nasal mucosal tissue was compared 

with control mucosal tissue incubated in the 

permeation chamber of Franz cell. Both tissues were 

fixed in 10% formalin, routinely processed, and 

embedded in paraffin. Paraffin sections were cut on 

glass slides and stained with hematoxylin and eosin 

to examine the morphological changes to the tissue 

via blinded study(19). 

Compatibility studies by (FTIR) 

The FTIR spectrum of ST was recorded 

using a FTIR spectrometer (Biotech Engineering 

Management, UK)   in a spectral region between 

4000 and 400 cm-1 and analyzed by transmittance 

technique. 

Compatibility studies were carried out at 

room temperature by FTIR  to investigate any 

interactions between the drug and the excipients 

used in the formulation. The polymers were 

subjected to FTIR studies alone and in combinations 

with the drug(20). 
 

Statistical analysis 

The results of the experiments were given as mean 

values ± standard deviation (SD) and analyzed 

according to the one-way analysis of variance 

(ANOVA) at which significant results (p<0.05) and 

non-significant (p>0.05). 
 

Results and Discussion 
Melting point and DSC 

The measured melting point of ST by using 

the capillary method was found to be 169°C, which 

is consistent with the reported melting point range 

(168-172°C)(21), which indicates the purity of drug 

powder. 

The differential scanning calorimetry of pure ST 

powder is shown in figure 2 and complied with 

reference(21). The DSC thermogram of the real drug 

showed an endothermic peak of 172°C, 

corresponding to the melting point of the crystalline 

form of the drug(21). 
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Figure 2. Differential scanning calorimetry 

thermogram of  ST. 
 

Gelation temperature 

Poloxamer 407 and poloxamer188 were 

selected due to their thermosensitive gelling 

properties. Also, Poloxamer 407 and Poloxamer188 

were known to have low toxicity, low irritation, 

excellent water solubility, excellent drug release 

characteristics and compatibility with a wide range 

of excipients. Poloxamer407 or poloxamer188 alone 

could not provide a suitable gelation temperature 

because at higher concentrations of poloxamer407, 

the larger ratio of polypropylene oxide (PPO) causes 

dehydration and aggregation at a lower temperature 

leading the micelles to become more entangled and 

greater ease of gelation at lower temperature. 

Concomitantly, the addition of poloxamer188 

increases the ratio of polyethylene oxide (PEO) 

leading the micelles to become less entangled there 

by raising the critical micelle temperature (CMT)(22). 

In cases of mixtures of poloxamer407 and 

poloxamer188, several formulations gelled at the 

body temperature. As the concentration of 

poloxamer407 increased, the mixtures needed 

smaller amounts of poloxamer188 to gel at the 

desired gelation temperature. The formulas with 

percentage (w/w) ratios of poloxamer 

407/poloxamer188 with suitable gelation 

temperature of 32-34°C (Table 2) are used for 

further study(23). 

Gelation time  

The gelation study was conducted in 

SNF(pH 6.5). All the formulations on contact with 

the gelation medium had undergone sol-to-gel 

transition due to the presence of gel-forming 

polymers such as poloxamer and HA. Gelation 

characteristics of the formulations showed that 

increasing the concentration of poloxamer 407 

increased the gelation time, while the combination 

with poloxamer 188 showed less gelation time as 

seen in (Table 2). Also the rise in the concentration 

of HA increased the time of gelation for the 

formulas. 

Table 2. Gelation temperature and gelation time 

of IG formulas 

Formula 

no. 

Gelation temp°C 

Mean±SD 

n=3 

Gelation time 

IG1 30.16±0.76 ++ 

IG2 27.33±0.76 +++ 

IG3 26.33±1.15 ++ 

IG4 24.16±0.76 +++ 

IG5 43.00±1.00 + 

IG6 38.66±1.52 + 

IG7 32.66±1.52 ++ 

IG8 29.33±1.04 +++ 
 

Drug content 

The drug content was found to be in the 

acceptable range of all the formulations. This 

indicates that the process employed in this study was 

capable of producing gels with uniform drug content 

and minimal variability, as seen in table 3. 

pH determination 
The pH of the formulations was 

established to be acceptable(13)and was in the range 

of 4.5-6.5, as shown in table 3. 
 

Table 3. ST intranasal gel drug content and pH 

of the formulas 

Formula  

No. 

Drug content% 

Mean±SD 

n=3 

pH 

Mean±SD 

n=3 

IG1 99.93±0.01 5.66±0.05 

IG2 99.27±0.06 5.56±0.05 

IG7 99.98±0.02 6.10±0.10 

IG8 99.91±0.03 6.33±0.05 

 
 

Determination of mucoadhesive strength 

In the study, the formulations prepared 

with the high concentration of  HA exhibited more 

mucoadhesion strength due to the ability of HA to 

comprise hydrogen bonding, high molecular weight 

and the semi-flexible chain. The bioadhesive bond 

between the formulation and mucin dispersion 

became stronger at temperature range 32-34°C due 

to formation of more compact lattice structure as 

well as increase of density(24), as shown in table 4. 
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Table 4. Detachment weight(G) and 

mucoadhesive force per squre root of 

area(dyne/cm²) of IG formulas. 
 

Formula 

No. 

Detachment 

weight  

(g) 

Mean±SD 

n=3 

Mucoadhesive 

force 

(dyne/cm²) 

Mean±SD 

n=3 

IG1 20.33±2.51 6345.03±785.43 

IG2 26.66±1.52 8320.63±476.74 

IG7 25.85±1.52 8067.83±746.45 

IG8 30.00±1.00 9363.05±312.10 

 

Gel strength and spreadability 

The formulations showed good gel strength  

(Table 5) which ranged from the low as 

(38.33±2.08s) for IG5 to the higher value of 

(51.33±3.21s) for IG8,   the combination of 

poloxamer and HA gave strength to the formula. Gel 

strength indicates the tensile strength of the gelled 

mass. It demonstrates the ability of the gelled mass 

to resist the ciliary movement in vivo(25).  

     The gel strength of nasal gel formulation at 34°C, 

increased as the concentration of HA and poloxamer  

concentration  increased. The mechanism of the 

increase gel strength might be related to hydrogen 

bonding between poloxamer and bioadhesive 

polymers in the nasal gel(8). 

 

Table 5. Gel strength and spreadability of IG 

formulas. 

Formula  

No. 

Gel strength           

(sec) 

Mean±SD 

n=3 

Spreadability  

(cm) 

Mean±SD 

n=3 

IG1 38.33±2.08 5.03±0.15 

IG2 45.33±1.52 3.56±0.49 

IG7 43.66±1.52 4.06±0.11 

IG8 51.33±3.21 2.93±0.15 

      
By evaluating the spreadability of the nasal  IG of 

ST, it was observed that as the concentration of 

polymers used (combination of poloxamer407 

and188)  increased the spreadability decreased. The 

values indicate that the nasal IG has excellent 

spreadability according to acceptable range (2.5-

7cm), which is desired for the application of the 

nasal IG(26), as shown in table 5. 

Viscosity measurements 

The viscosity of selected IG formulations 

determined at 6,12,30,60 rpm at 34±1°C. The results 

of the viscosity measurement of IG7, IG8 are shown 

in table 6. The increase in viscosity of the 

formulations was observed with the increase in the 

concentration of HA polymer which could be related 

to the increasing polymer chain entanglement and 

higher chance of hydrogen bonding at higher 

concentration of the polymer(25). IG8 is very viscous, 

making it very difficult to pour from the container 
 

Table6.Viscosities of IG7 and IG8 at their 

gelation temperature 34±1°C, ±SD  

Rotation 

speed 

rpm 

 

 

Formula  

Viscosity(cP) 

6rpm 

Mean 

±SD 

n=3 

12rpm 

Mean±S

D 

n=3 

30rpm 

Mean 

±SD 

n=3 

60rpm 

Mean 

±SD 

n=3 

IG7 1821.00 

± 18.24 

1624.66 

± 22.47 

1189.66 

± 9.50 

850.00

± 20.00 

IG8 3013.33

± 15.27 

2533.33

± 15.27 

1826.66± 

15.27 

1283.0

± 20.66 
 

In-vitro release study of ST in-situ nasal gel  

In vitro drug release of IG7 showed drug 

release 95.98% after 6h in Franz diffusion cell. It 
was found that as the concentration of  polymers  

increased (poloxamer and HA) a decrease in the 

drug release was obtained, as shown in figure 3. It 

was obvious that the release of ST was not only 

affected by poloxamer concentration but by the 

mucoadhesive polymer HA. The mucoadhesive 

polymer retarded the drug release from nasal gel due 

to high gel viscosity and squeezed aqueous channels 

by which the drug is distributed between the 

poloxamer micelles(8). 

 

 

 
 

 

 

 

 

 

 

 

Figure 3. In vitro release profile for IG1, IG2, 

IG7 and IG8 in SNF at 34±1°C. 
 

The percentage of ST released from the 

control (ST aqueous solution) was compared with 

that from nasal in-situ gelling using the dialysis 

membrane. Faster release of ST solution in 

comparism to  IG 7 was obtained with a significant 

difference (p<0.05).The percent of  drug release 

from the ST solution is 99.33% in 2h while the 

percent of drug release from IG7 in  6h was 95.89% 

as shown in the figure 4, due to the presence of 

polymers. 
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Figure 4. In vitro release profile of  IG7 in 

comparison with ST solution (control)  in SNF at 

34±1°C. 
 

Ex-vivo permeation study  

Ex-vivo permeation profile of IG7 is 

shown in figure 5. Sustained release was obtained 

from IG7 since it released  about 89.6% through 

nasal mucosa of sheep within 6 h, which is 

considered optimal since the ST half life is 2 h(21), so 

the formulation will sustain the release for three half 

lives.  

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 5.  Percentage cumulative permeation of 

drug from IG7 through the nasal mucosa in SNF 

at 34±1°C. 
 

Permeability co-efficient  of ST at 4 h for IG7  were 

found to be 1.44 × 10-5 cm/s. Nasal IG7 showed the 

initial high flux value as 48.54 × 10-4 μg ml-1s-1. A 

decrease in the value of flux was observed at 2, 3 

and 4 hrs resulting in flux value of 8.27, 17.69 and 

18.94(10-4 μg ml-1s-1) respectively. Initial rapid 

release may be due to the exposure of fresh surface 

of drug present in gel to the sheep mucosa and 

sustained drug release after 1 h may be due to the 

polymers like poloxamer407 which slightly 

decrease the rate of drug release due to enhanced 

micellar structure and gel network(9) and the 

presence of HA (hydrophilic polymer) which entrap 

the drug and sustain the release. 

The release data of the gel formulation 

(Table 7) were kinetically analyzed by different 

mathematic models like zero order, first order, 

Higuchi and  Korsmeyer–Peppas ( for 60% release). 

the good fitness was represented by R2. Formula IG7 

best fit to zero order model because it has the highest  

R2 values. 

From Korsmeyer–Peppas equation, the n 

value was between  0.45 and 0.89, which indicates 

anomalous or non-Fickian release. Suggesting that 

the release was controlled by the diffusion rate  (zero 

order mode ) and the relaxation rate of the 

hyaluronic acid polymer matrix(9,27). 
 

Table7. Model fitting for IG7 formulation. 
 

Models Formulation 

In Vitro drug 

release 

Ex-vivo drug 

release 

Zero 

order(R2) 

0.99 0.98 

First 

order(R2) 

0.95 0.96 

Higuchi(R2) 0.90 0.92 

Korsmeyer 

peppas (R2) 

n  value 

0.99 

n=0.82 

0.98 

n=0.79 

 

 

Histopathological studies 

Safety is an essential concern for the 

administration of the formulation. Hence, it was 

essential to investigate the safety of the optimized in 

situ gel formulation (IG7). Thus, it was essential to 

study the histology of the nasal mucosa with the 

formulation. The histology of control nasal mucosa 

(without treatment) and treated nasal mucosa is 

shown in figure 6. The microscopic observations 

indicated  that  the  formulation  had  no  significant  

effect on the microscopic structure of the sheep 

nasal mucosa. The surface epithelium lining and the 

granular cellular structure of the nasal mucosa were 

totally intact. Thus the histological study revealed 

the safety of ST in situ nasal gel formulation on the 

sheep nasal mucosa. 
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Figure 6. Histopathological evaluation of sections of sheep nasal mucosa. A. Mucosal tissue incubated in 

SNF (pH 6.5), B. Mucosal tissue incubated in the permeation chamber with IG7 formulation. 

 

Compatibility studies by FTIR 

The FTIR spectrum of  ST powder is shown 

in figure 7 and is in agreement with previous 

reported study(28). It was found that the characteristic 

peaks of ST at 3367.71cm-1,1234.44cm-1, 632.65cm-

1, 1342.46cm-1 and 1138cm-1 corresponding to the –

NH stretching, C-N stretching, C-S stretching and 

S=O(sulfones) stretching respectively. 

The FTIR spectrum of the selected formula 

of IG7 showed small shifting in the chief 

characteristic  

 

 

bands of the drug  in IG7 in comparison with the 

bands of the pure drug, indicating no interaction 

between drug and other additives used in IG7 

formulation. 

FTIR spectrum for poloxamer407 and 

poloxamer188 showed bands at 3483.44cm-1, 

2881.65cm-1, 1280.73cm-1 for O-H stretching, 

aliphatic C-H stretching and C-O stretching in C-O-

C group respectively.  Characteristics peaks of ST in 

IG7 were found for N–H str. at 3363.86cm−1, C–N 

str. at 1203.58cm−1, S=O str. at 1342.46cm-1 and 

1138cm-1, C-S str. at 632.65 cm-1 (7,8). 

 
 

Figure (7) Compatibility FTIR, A: sumatriptan B: poloxamer407 and poloxamer188, C: HA, D: IG7 
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Conclusion 
Based on the results obtained from this 

study, it can be concluded that ST intranasal In–situ 

gel  was successfully prepared using poloxamer 407 

and poloxamer 188.    

All the formulations were found to have the 

desired amount of drug content. Addition of 

mucoadhesive polymers to the formulas increased 

the viscosity and thereby increased mucoadhesive 

strength of the formed gel. The optimized formula 

IG7 (poloxamer 407 19%, poloxamer 188 4%, HA 

0.5%) showed drug release of 95.98% within 6h. Ex-

vivo studies on sheep olfactory nasal mucosa 

showed permeation of 89.6% within 6h. IG7 

formulation exhibited diffusion release kinetics 

(zero order model). The release profile of ST 

showed both diffusion and erosion mechanism, 

anomalous diffusion. The optimized formula IG7 

was found to be safe since no histopathological 

changes were observed. 
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