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INTRODUCTION 

The pharmaceutical formulators are 

continuously in search for safe and effective drug 

delivery which may be helpful to the society. The 

relatively large surface for the nasal route which 

is vascularized along with the leaky epithelium 

is considered to be suitable for systemic drug 

delivery [1-4]. For better patient compliance and 

to facilitate the administration of hydrophilic 

molecule compared with parenteral route, non-

parenteral routes have been investigated, where 

intranasal drug delivery is considered the most 

appropriate and trustworthy method that has its 

own merits and demerits [5]. 

One of the prime task or challenge for the nasal 

drug delivery is the rapid clearance of the 

formulation. The pharmaceutical sector had 

developed different environment sensitive 

hydrogels with the aim of delaying the nasal 

residence time [6-7]. The researchers have 

shown keen interest in the thermosensative gel 

due to added benefits like increased dwelling 

time and sustained drug delivery.  

 

Research Article 

The work is licensed under 

                 
 

 

ABSTRACT 

Nasal drug delivery route is considered as critical route for drug delivery. In the study, the goal was to 

develope and evaluate the nasal insitu gel of xylometazoline hydrochloride to prolong the therapy of 

nasal congestion. The composition of the formulation consist of Hydroxy propyl methyl cellulose K4M, 

Poloxamer 407, Poloxamer 188, sodium cholate and purified water. A 3 level 2 factors design (32) was 

employed to design xylometazoline in-situ nasal gel formulation using Stat- Ease Design Expert® 9 

software where the independent variables are concentration of Poloxamer 407 (X1) and concentration of 

Hydroxy propyl methyl cellulose K4M (X2). The in-vitro characterization was executed of formulation 

for various parameters including pH, In-vitro diffusion, viscosity and gel strength. The optimized 

formulation showed desired viscosity in defined pH range and required drug diffusion profile. Thus, 

optimized formulation of insitu gel formulation showed appropriate drug diffusion to achieve prolong 

decongestion upto 6 hours. 

 

KEYWORDS: Nasal delivery; xylometazoline; insitu gel; poloxamer 407; poloxamer 188 
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Nasal symptoms such as congestion, itching, 

sneezing and rhinorrhoea are conditions 

associated with allergic rhinitis, sinusitis and 

cold. Decongestants are used for adjunctive 

therapy for nasal congestion that is associated 

with sinusitis, rhinitis or other allergies [8]. The 

pathophysiology of nasal congestion can be 

indicated as a deteriorated nasal air flow. It 

involves critical mechanisms, including 

problems of nasal sensory, mucosal 

inflammation, increased venous bulge, 

perception variation, edema, augmented nasal 

secretions etc.[9]. 

The predictable reason majorly for nasal 

congestion is allergic rhinitis, which has been 

perceived worldwide and the increase in the 

dominance of allergic rhinitis is wavering in the 

range as 10 % to 40 % [10]. 

Imidazole class derivative e.g. xylometazoline 

acts on alpha-adrenergic receptor of nasal 

mucosal arterioles leading to decrease of blood 

flow. It reduces the swelling of nasal turbinate 

relating to amplification of nasal lumen. The 

aqueous solubility and wettability of nasal drug 

may drain it out of nasal cavity, thus it may 

reduce the drug contact time and hinder the 

desired drug diffusion, absorption and action 

from nasal drug delivery system. The 

xylometazoline nasal formulation is available in 

the market in the form of drop/solution, which is 

having disadvantage of uneven delivery of dose 

consequential of immediate drug formulation 

drainage. 

The present work was carried out with a view to 

develop the nasal insitu gel of xylometazoline 

hydrochloride by using Poloxamer 407 having 

thermosensative gelling property and minimal 

irritation. The viscoelastic inert polymer utilized 

was HPMC K4M. The nasal insitu gel 

formulation delivers prolong decongestion upto 6 

hours. The developed formulation was evaluated 

for pH, drug content, viscosity, mucoadhesive 

strength, gel strength and invitro diffusion. 

 

MATERIALS AND METHOD 

Materials  

Xylometazoline HCl was obtained from Anish 

Chemicals Pvt Ltd, Bhavnagar, HPMC K4M was 

from Pioma Chemicals, Mumbai, Poloxamer 407 

and 188 from BASF, Mumbai, Sodium cholate 

from National chemicals Pvt. Ltd, Vadodara and 

Sodium chloride from Sigma Aldrich, Mumbai as 

gift samples.  

Method 

The cold method was utilized for preparation of 

insitu nasal gel formulation of xylometazoline. 

Water soluble components like xylometazoline, 

poloxamer 188, HPMC K4M, sodium cholate and 

50 % of poloxamer 407 were weighed and then 

dissolved in the purified water at room 

temperature by agitation and cooled between 10 

oC to 20 oC for 15 minutes. Remaining quantity 

of poloxamer 407 was added into the cooled 

solution with stirring and kept at 4 oC (0 to 8 

oC) for further 12 hours till clear solution was 

attained. The pH was adjusted between 6.5 ± 0.3 

using hydrochloric acid or sodium hydroxide in 

sodium chloride solution if required. Finally (if 

required), volume was adjusted to 10 ml by 

utilizing purified water.[8] 

 

Experimental Design 

A 3 level 2 factors factorial design (32) was 

employed to design and optimize in-situ nasal 

gel of xylometazoline using Stat- Ease Design 

Expert® 9 software. The preliminary 

experimental data recommend that the 

concentration of Poloxamer 407 (X1) and 

concentration of HPMC K4M (X2) have major 

impact on the other formulation parameters, 

hence were selected as independent variables. 

The regression analysis was performed using 

Design® Expert software (version 9) which 

provided the empirical second order equation 1. 

                          

(   (  ) )  (   (  ) )…. (Eq.1) 

Where Y = dependent variable 

β0 = Intercept (arithmetic mean of all the 

batches) runs,  

β1 = Estimated coefficient for the factor X1. 

β2 = Estimated coefficient for the factor X2 

β11 = Estimated coefficient for factor (X1)2 

β22 = Estimated coefficient for factor (X2)2 

β12 = Estimated coefficient of the interaction 

between X1 and X2 

 

The polynomial equations can be used to draw 

conclusions after considering the magnitude of 

coefficient and the mathematical sign it carries 

(i.e., negative or positive).[11,12] 

The viscosity, gel strength and % diffusion 

displayed differences based on the values of 

independent variables, henceforward they were 

defined as dependent parameters. The levels of 

independent variables were selected as 

displayed in Table 1 and all the experimental 
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design batches were formulated according to 

Table 2. The batches were evaluated for 

different parameters.  

 

Table 1: Independent variables and their levels of insitu nasal gel formulation of 

xylometazoline 

 

Levels Independent Variables 

X1= Concentration of 

Poloxamer 407  (gm) 

X2 = Concentration of HPMC 

K4M (gm) 

-1(Low Level) 1.50 0.04  

0 (Medium Level) 1.75 0.06  

+1 (High level) 2.00 0.08  

 

Table 2: Composition of experimental batches of insitu xylometazoline gel* 

Batch X1,  

Poloxamer 407 (gm) 

X2,  

HPMC K4M (gm) 

X1 X2 

NFA1 1.50 0.04 -1 -1 

NFA2 1.75 0.04 0 -1 

NFA3 2.00 0.04 1 -1 

NFA4 1.50 0.06 -1 0 

NFA5 1.75 0.06 0 0 

NFA6 2.00 0.06 1 0 

NFA7 1.50 0.08 -1 1 

NFA8 1.75 0.08 0 1 

NFA9 2.00 0.08 1 1 

* Each batch contained 10 mg xylometazoline hydrochloride, 0.15 mg poloxamer 188, 1.50 mg sodium 

cholate, q.s of sodium chloride solution, and volume was adjusted to 10 ml with purified water 

 

Evaluation of the formulation parameters 

Clarity 

The nasal solution was evaluated for clarity. The 

clarity of the nasal solution was observed 

against black and white background under light 

visually as a clear solution. 

  

pH 

The pH was determined using pH meter 

(Equiptronic pH meter, Model no: EQ-610, 

Mumbai). The pH meter was first calibrated 

using solutions of pH 4 and 7 [13]. 

 

Gelation temperature 

Visual tube inversion method was used for 

gelation temperature studies. For this study, 2 

ml of the formulation was dropped into the test-

tube, which was immersed in water bath. The 

bath temperature was increased gradually at 

constant rate of 1 0C at every 2 minutes starting 

from room temperature. The temperature at 

which the gelation (formation of gel) was 

observed by visual examination by confirming by 

rotating test-tube by 90 degree [7, 14]. 

 

Drug Content 

The drug content of the nasal formulation was 

measured using standard curve equation 

obtained by calibration curve using UV 

spectrophotometer at 268 nm. The sample of the 

formulation was diluted using distilled water 

and absorbance was measured at 268 nm using 

water as blank. The mean of three results was 

used as drug content of the sample.  

 

Viscosity 

Viscosity of the nasal formulation was measured 

using Brookfield viscometer (DV-II PRO, 

Dolphin Instruments, Mumbai) with spindle S-

18 at 100 rpm in solution form. The gel form of 

formulation was measured with spindle S-64 at 

25 rpm. The average of three reading was 

considered as the viscosity of the nasal 

formulation [16]. 

 

Gel strength  

A sample of insitu gel of 25 gm was placed in a 

50 ml graduated cylinder. It was allowed to gel 
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in a controlled temperature water bath. After 

formation of gel, it was allowed to stand for five 

minutes. Plunger of about 35 grams was selected 

for the experiment. The selected plunger of 35 

gm was placed onto the gel. The time (in sec) 

required to stab the plunger for 5 cm was 

measured as the gel strength [7, 15, 17, 18]. 

 

Mucoadhesive strength 

The mucoadhesive force of was determined by 

using laboratory modified device. The sheep 

nasal mucosa was tied to the upper side of the 

glass beaker using a thread, which was 

connected to the balance. The other beaker was 

fixed on a height adjustable pan to the exposed 

surface of the tissue attached on the beaker, 

while a constant amount of 0.1 g gel was applied. 

150 μl of PBS pH 6.4 was evenly spreaded on the 

surface of the mucosa before gel application. The 

height of the beaker was properly adjusted in 

such a manner so that the gel could adhere to 

the mucosal surface of both beakers. The upper 

beaker was moved upwards at a constant force, 

while it was connect to the balance. Weights 

were added at a constant rate to the pan on the 

other side of the modified balance until the two 

beakers will separated. The mucoadhesive force 

expressed as the detachment stress in dyne/cm2 

is determined from the minimal weights needed 

to detach the tissues from the surface of each 

formulation. [12] Muchoadhesive strength can be 

represented as in equation 3. 

                      (
     

   
)  (    )  

 …………….. (Eq. 3) 

Where, m= the weight added to the balance in 

gram, 

g = Acceleration due to gravity taken as 980 

cm/sec2, 

A= Area of the tissue exposed and is equal to πr2 

 

In-vitro diffusion 

In-vitro diffusion study was performed using 

Franz diffusion cell. The nasal mucosa of the 

sheep except septum part was obtained from 

nearby slaughter house stored in phosphate 

buffer solution. The nasal mucosa was 

submerged in phosphate buffer for 15 minutes 

(along with aeration) for conserving viability of 

the tissue. The membrane was placed between 

receptor and donor chamber, tied both ends with 

spring. The donor medium consisted of prepared 

nasal formulation, while the receptor medium 

consisted of phosphate buffer with continuous 

agitation. The temperature of the medium was 

maintained at 37 oC ± 1 oC. An aliquot of 1 ml of 

receptor fluid was withdrawn at scheduled time 

interval and was replaced with fresh diffusion 

media in order to maintain sink condition. 

Aliquot so withdrawn was suitably diluted and 

analyzed using UV spectrophotometer at a 

wavelength of 265 nm against the blank. In-vitro 

drug diffusion study was carried out for 6 hours 

[13,15,19]. 

 

Histopathological evaluation: 

The nasal mucosa of the sheep was obtained 

from local slaughter house. It was entrenched in 

paraffin. The sections of approx. 0.785 cm2 area 

were cut and marked with hematoxylin and 

eosin. The histopathological study was done for 

(a) normal sheep nasal mucosa as negative 

control (b) nasal mucosa treated with 0.5 ml 2 N 

Nitric acid solution as positive control and (c) 

nasal mucosa treated with optimized batch 

NFAE. The negative control, positive control and 

test sample mucosa were kept at room 

temperature on slide for 24 hours. The 

photograph for all three were taken after the 

treatment and observed for the effect of nasal 

insitu gel formulation [20]. 

 

Stability study 

The stability study of insitu gel formulation was 

performed at at 25 ± 2 oC/ 60 ± 5% RH for 

duration of 3, 6, 9 and 12 months and at 40 ± 2 

°C/75 ± 2 % RH for 3 and 6 months. The samples 

were tested for clarity, pH, viscosity, gel 

strength, % drug diffusion and drug content 

after the specified storage time [21]. 

 

RESULTS AND DISCUSSION 

The preliminary formulations were designed for 

the selection of concentration of thermosensative 

polymer (poloxamer 407) and viscoelastic 

polymer (HPMC K4M). Viscosity, % drug 

diffusion and gel strength were evaluated. The 

formulation parameter were adjusted by varying 

one at a time, keeping others at fixed 

concentration. It was observed that increasing 

the concentration of poloxamer 407, the increase 

in gel strength was observed upto certain level. 

Of % diffusion of drug. The concentration range 

1.5 gm to 2.0 gm of poloxamer 407 was 

considered as thermoelastic polymer while the 
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concentration range of 0.04 gm to 0.08 gm of 

HPMC K4M for formulation development study.  

 

Design of Experiment  

The in-situ gel formulation was optimized by 

utilization of 32 factorial design.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

All experimental trials, which were possible 

were implemented according to design outline 

and further the polynomial equation of factorial 

design was utilized for evaluation.  

The different batches were evaluated for 

appearance, pH, assay, viscosity, gel strength, 

mucoadhesive strength and drug content for 

experimental batches were shown in Table 3.  

 

Table 3: Results of Appearance, pH, Gelation, Drug Content, Viscosity, Gel Strength, 

Muchoadhesive Strength 

Para

mete

r: → 

Appear

ance 

pH  Drug 

Conten

t 

(%) 

Viscosit

y  

(sol) 

Viscosity 

(Gel) 

Gel 

Strengt

h (sec) 

Muchadhe

sive 

Strength 

(dyne/cm2) 

Gelatio

n* 

NFA1 Clear  

Solution 

6.4 ± 

0.0 

98.23 ± 

0.49 

65.33 ± 

1.15 

940.0 ± 

2.0 

20±1.0 2686   ++ 

NFA2 Clear  

Solution 

6.5 ± 

0.05 

99.71 ± 

0.83 

68.33 ± 

0.57 

750.33 ± 

3.51 

28±0.0 2100 ++ 

NFA3 Clear  

Solution 

6.5 ± 

0.0 

98.40 ± 

0.92 

71.33 ± 

0.57 

1360.66 ± 

0.57 

50±1.0 3820 ++ 

NFA4 Clear  

Solution 

6.56 ± 

0.05 

100.35 ± 

0.79 

79.00 ± 

1.00 

1120.33 ± 

0.57 

16±0.0 3212 ++ 

NFA5 Clear  

Solution 

6.5 ± 

0.0 

97.46 ± 

1.28 

81.66 ± 

0.57 

1050.33 ± 

2.08 

34±1.0 2850 ++ 

NFA6 Clear  

Solution 

6.4 ± 

0.0 

99.89 ± 

1.49 

84.33 ± 

0.57 

1200.67 ± 

2.51 

43±1.0 3632 ++ 

NFA7 Clear  

Solution 

6.6 ± 

0.0 

98.64 ± 

1.70 

94.33 ± 

1.15 

900.33 ± 

1.15 

22±0.0 2320 ++ 

NFA8 Clear  

Solution 

6.53 ± 

0.05 

99.17 ± 

0.42 

95.00 ± 

0.00 

1080.33 ± 

1.52 

39±0.0 2931 ++ 

NFA9 Clear  

Solution 

6.53 ± 

0.05 

100.58 ± 

0.98 

98.33 ± 

0.57 

1010.33 ± 

0.57 

58±1.0 3074 ++ 

NFAE 

(Opti

mized 

Batch) 

Clear  

Solution 

6.50 ± 

0.00 

99.42 ± 

1.05 

90.33 ± 

1.15 

1190.33±0

.57 

20±1.0 2910 ++ 

*Where; - no gelation, ++ gelation immediately and remained for few hours, +++ gelation immediately 

and remained for extended period and ++++ very stiff gel 

 

While changing the level of independent variables, the significant impact was observed in parameters 

viscosity, gel strength and drug diffusion. The results for drug diffusion at different time points is 

displayed in Table 4. As a result of which, it was pondered as dependent parameters. 
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Table 4: Percentage of Cumulative drug diffusion for in-vitro diffusion study 

% Cumulative Drug Diffusion 

Time 

(hr) 

NFA1 NFA2 NFA3 NFA4 NFA5 NFA6 NFA7 NFA8 NFA9 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 27.33 

±1.15 

25.66 

±1.52 

25.33  

±0.57 

31.66  

±0.57 

32.33  

±1.52 

23.66  

±0.57 

30.33 

±1.52 

29.66 

±0.57 

22.33 

±1.15 

2 40.33  

±1.52 

38.33 

±1.15 

31.33 

±1.15 

42.66 

±1.52 

40.33  

±0.57 

35.00 

±1.00 

42.66 

±1.15 

37.33 

±0.57 

32.33  

±0.57 

3 52.00 

±1.00 

48.33 

±1.15 

42.33 

±0.57 

55.66  

±0.57 

49.33 

±1.15 

43.33 

±1.15 

54.00 

±1.00 

47.66  

±0.57 

44.66 

±0.57 

4 67.66  

±1.52 

66.00 

±1.73 

56.66 

±0.57 

72.00 

±1.73 

66.00 

±1.73 

58.33 

±1.15 

69.33  

±0.57 

63.66  

±0.57 

59.66 

±0.57 

5 83.66 

±0.57 

78.33 

±0.57 

70.33  

±0.57 

85.33 

±0.57 

80.66 

±0.57 

73.66  

±0.57 

83.66 

±0.57 

80.33 

±1.52 

71.66 

±0.57 

6 95.00±

1.00 

91.33 

±1.15 

86.66  

±0.57 

97.66  

±0.57 

94.66  

±0.57 

86.33 

±1.15 

95.33 

±1.15 

89.33 

±0.57 

85.33 

±0.57 

The polynomial equation 4 shows the effects of independent variables X1 and X2 on viscosity. 

          (  )  

                                                      (  )            (  ) ……….. (Eq.4) 

Among the independent variables, X2 had more 

positive effect (β2= 13.7777) on viscosity. The X1 

variable had less effect (β1= 2.5555), while the 

interaction between X1 and X2 showed negative 

impact on viscosity (β12=   0.5000). HPMC K4M 

as an excipient exhibited prominent impact on 

viscosity. The terms (X1)2 and (X2)2 had less 

impact (β11= 0.4444, β22= 0.4444) on viscosity. 

The different batches results represent that the 

viscosity (Y1) has a rectilinear bond with 

concentration of HPMC (X1). 

The surface response plot for dependent 

parameter viscosity was constructed by changing 

the level of independent variables from -1 to +1 

as displayed in Fig. 1. The Table 5 shows the 

model summary statistic for viscosity (Y1). The 

data suggest the quadratic model showed 

relatively better fitting compared to other 

models based on R-Squared values. The Table 6 

shows the impact of independent variables on 

the viscosity in form of ANNOVA. The data 

shows p-value < 0.05 indicating the model is 

significant. 

 

Fig. 1: Response surface plot for viscosity and gelling strength 
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Table 5: Model Summary Statistics for Viscosity, Gelling Strength, Drug diffusion at 3 hr 

and 6 hours 

 

Source 

Std. 

Dev. 

 

R-Squared 

Adjusted 

R-Squared 

Predicted 

R-Squared 

Viscosity 

Linear 0.6623 0.9580 0.9574 0.9547 

2FI 0.5729 0.9389 0.9382 0.9340 

Quadratic 0.5250 0.9993 0.9981 0.9923 

Cubic 0.4449 0.9726 0..8999 0.8738 

Gel Strength 

Linear 4.4929 0.9129 0.8902 0.8141 

2FI 4.7473 0.9314 0.8863 0.6249 

Quadratic 4.3247 0.9657 0.9085 0.8752 

Cubic 5.6727 0.9804 0.8430 -2.5675 

Drug diffusion at 3 hours 

Linear 0.6623 0.9580 0.9574 0.9547 

2FI 0.5729 0.9389 0.9382 0.9340 

Quadratic 0.5250 0.9993 0.9981 0.9923 

Cubic 0.4449 0.9726 0..8999 0.8738 

Drug diffusion at 6 hours 

Linear 1.7811 0.9518 0.8945 0.8112 

2FI 1.2286 0.9536 0.8934 0.8429 

Quadratic 1.3360 0.9693 0.9182 0.8912 

Cubic 0.3347 0.8994 0.8950 -0.8872 

 

Table 6: ANOVA for Viscosity, Gel Strength, Drug diffusion at 3 hours and 6 hours 

Response 1 Viscosity 

  

Source 

Sum of 

Squares 

 

df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

Coefficient 

 

Model 1179.93 5 235.98 855.89 < 0.0001 (significant)  

Intercept      81.3703 

  X1-Poloxomer 407 39.17 1 39.17 143.38 0.0013 2.5555 

  X2-HPMC K4M 1139.05 1 1139.05 4169.65 < 0.0001 13.7777 

Residual 1.0 1 1.0 3.66 0.1529 - 0.5000 

Lack of Fit 0.4 1 0.4 1.45 0.3172 0.4444 

Pure Error 0.4 1 0.4 1.45 0.3172 0.4444 

Cor Total 0.82 3 0.27    

Response 2 Gelling Strength 

  

Source 

Sum of 

Squares 

 

df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

Coefficient 

 

Model 1580.11 5 316.02 16.90 0.0209 (significant)  

Intercept      30.2222 

  X1-Poloxomer 407 1441.50 1 1441.50 77.07 0.0031 15.5000 

  X2-HPMC K4M 73.50 1 73.50 3.93 0.1417 3.5000 

Residual 9.00 1 9.00 0.48 0.5378 1.5000 

Lack of Fit 2.72 1 2.72 0.15 0.7282 1.1666 
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Pure Error 53.39 1 53.39 2.85 0.1897 5.1666 

Cor Total 56.11 3 18.70    

Response 3 Drug diffusion at 3 hours 

  

Source 

Sum of 

Squares 

 

df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

Coefficient 

 

Model 169.26 5 33.85 18.96 0.0177 (significant)  

Intercept      49.2963 

  X1-Poloxomer 407 163.70 1 163.70 91.92 0.0024  5.2222 

  X2-HPMC K4M 2.23 1 2.23 1.25 0.3441 0.6111 

Residual 0.027 1 0.027 0.015 0.9086 0.0833 

Lack of Fit 0.100 1 0.100 0.056 0.8291 0.2222 

Pure Error 3.26 1 3.26 0.183 0.2691  1.2777 

Cor Total 5.34 3 1.78      

Response 4 Drug diffusion at 6 hours 

  

Source 

Sum of 

Squares 

 

df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

Coefficient 

 

Model 161.34 5 32.27 15.88 0.0228 (significant)  

Intercept      93.3703 

  X1-Poloxomer 407 146.72 1 146.72 72.37 0.0034  4.9444 

  X2-HPMC K4M 1.50 1 1.50 0.74 0.4534  0.5000 

Residual 0.69 1 0.69 0.34 0.5998  2.3888 

Lack of Fit 1.04 1 1.04 0.51 0.5255  0.7222 

Pure Error 11.39 1 11.39 5.62 0.0984  0.4166 

Cor Total 6.08 3 2.03      

The second factor, which had noteworthy impact 

by altering independent variables was gel 

strength. The polynomial equation 5 shows the 

effects of independent variables X1 and X2 on 

gelling strength. 

             (  )                     

                                 (  )   

         (  ) ……….. (Eq.5) 

The p value of the model was found < 0.05 

indicating that the model was significant. The 

independent variable X1, had prominent positive 

effect (β2= 15.5000) on gel strength, while the X2 

variable had minor impact (β1= 3.5000) on gel 

strength. The interaction between X1 and X2 

showed less impact on gel strength (β12= 

1.5000). The surface response plot for gelling 

strength is as shown in Fig. 1. The Table 5 

shows the model summary statistic for gelling 

strength (Y2). The data recommend the 

quadratic model rather than other statistical 

models. The data expresses p-value < 0.05 

representing the model is significant. 

The third factor, which has significant impact of 

independent variable is drug diffusion at 3 

hours. The polynomial equation 6 shows the 

effects of independent variables X1 and X2 on 

drug diffusion at 3 hour. 

                       (  )                   

                           

         (  )            (  ) ……….. (Eq.6) 

Among the independent variables, X1 had more 

negative effect (β1=   5.2222) on % diffusion at 3 

hours. The X2 variable had very less effect (β2= 

0.6111), while the interaction between X1 and X2 

showed neutral impact on % diffusion at 3 hours 

(β12= 0.0833). As per equation 6, the squared 

value of (X1) had less impact (β11= 0.2222) while 

the squared value of (X2) had negative impact 

(β22 = -1.2777) on % diffusion at 3 hours. 

Poloxamer 407 as an excipient exhibited 

prominent retardation impact on % diffusion at 

3 hours. The Table 5 shows the model summary 

statistic for drug diffusion at 3 hour (Y3). The 

data endorse the quadratic model relatively than 

other statistical models. The data states p-value 

< 0.05 demonstrating the factor drug diffusion at 

3 hour is significant. The Fig. 2 displays 

response surface graph for drug diffusion at 

different time points. 
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Fig. 2: Response surface plot for Drug diffusion at different time points 

 

The polynomial equation 7 shows the effects of 

independent variables X1 and X2 on drug 

diffusion at 6 hours. 

                       (  )                   

                         

             (  )            (  ) ……….. (Eq.7) 

Among the independent variables, X1 had more 

negative effect (β1=   4.9444) on % diffusion at 6 

hours. The X2 variable had less effect (β2= 

 0.5000), while the interaction between X1 and 

X2 showed less impact on % diffusion at 6 hours 

(β12=  0.4166). As per equation 7, the squared 

value of (X1) had less impact (β11=  0.7222) 

while the squared value of (X2) had negative 

impact (β22 = -2.3888) on % diffusion at 6 hours. 

The Table 5 displays the model summary 

statistic for drug diffusion at 3 hour (Y4). The 

data states p-value < 0.05 establishing the factor 

drug diffusion at 6 hour is significant. 

 

Optimization of experimental design 

The experimental model was further 

authenticated by two check point batches. The 

checkpoint batches were further assessed for 

viscosity, gel strength and drug diffusion by 

using mathematics equations (4-7). he Table 7 

displays the check point batches results for 

viscosity, gel strength, drug diffusion at 3 hours 

and 6 hours results. The optimization of 

formulation was carried out using the design 

expert software by construction of overlay plot as 

shown in Fig. 3. The optimized formulation 

(Table 8) contained Poloxamer 407, 1.655 gm 

and HPMC K4M 0.76 gm, which shows the 

observed value for different parameter as 

demonstrated in Table 9. The percentage bias 

with respect to observed and predicted responses 

for optimized formulation are as displayed in 

Table 10.  

 

Fig.3: Overlay plot for optimized formulation 

Design-Expert® Software

Overlay Plot

Viscosity

Diffusion (3 hrs)

Diffusion (6 hrs)

Gelling Strength

Design Points

X1 = A: PF127

X2 = B: HPMC K4M

-1.00 -0.50 0.00 0.50 1.00

-1.00

-0.50

0.00

0.50

1.00
Overlay Plot

A: PF127

B
: 

H
P

M
C

 K
4

M Viscosity: 85

Viscosity: 92

Diffusion (3 hrs): 50

Diffusion (6 hrs): 95

Gelling Strength: 20

Gelling Strength: 45

Viscosity: 91.6086
Diffusion (3 hr 50.4897
Diffusion (6 hr 92.8681
Gelling Streng 30.168
X1 -0.38
X2 0.80
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Table 7 : Check point batches results for dependent variables with % bias 

Batch 

No. 

Con. 

of  

Pol. 

407 

(%)* 

Con. 

of 

HPM

C 

K4M 

(%)* 

Viscosity (cps) Drug diffusion 

at 3 hrs (%) 

Drug diffusion at 

6 hrs (%) 

Gel Strength 

(second) 

Act

ual 

Pre

dict

ed 

% 

Bias 

Act

ual 

Pre

dict

ed 

% 

Bias 

Act

ual 

Pre

dict

ed 

% 

Bias 

Actu

al 

Pred

icted 

% 

Bias 

NCP1 -0.6 -1.0 67.3 49.3 50.6

6 

49.3 50.6

6 

-

2.75 

91.3 93.9

3 

-2.88 23.0 24.4

0 

-6.08 

NCP2 -0.2 -0.5 73.0 48.0 49.7

2 

48.0 49.7

2 

-

3.58 

92.0 93.9

4 

-2.10 27.0 26.9

8 

0.05 

 

Table 8: Composition of optimized batch NFAE 

Ingredients NFAE 

Xylometazoline HCl(mg) 10 

Poloxamer 407 (gm) 1.655  

HPMC K4M (gm) 0.076  

Poloxamer 188 (mg) 0.15 

Sodium Cholate (mg) 1.5 

Sodium Chloride solution (ml) qs 

Purified Water (ml) qs to 10 

 

Table 9: Comparison of predicted and observed responses of optimized batch NFAE 

Response Predicted Observed % Bias 

Viscosity (cps) 91.60 90.33 -1.43 

% diffusion at 3 hour  50.48 49.33 -2.43 

% diffusion at 6 hour 92.86 92.33 -0.54 

Gel Strength (sec) 30.16 31.00  2.58 

 

Other Evaluation parameters 

Physicochemical Parameters 

All the prepared formulations were found to be 

clear and colorless solutions. The results 

obtained are displayed in Table 3 and in the 

range of 6.5±0.3 as pH above 10 or less than 3 

causes significant membrane damage and 

intracellular enzyme release. The optimum pH 

range for nasal formulation should be from 5 to 7 

as alkaline pH inactivates the lysozyme secreted 

by nasal cells, hence makes the nasal tissue 

susceptible to microbial infection. Lower pH acts 

as hypertonic solutions, causing the shrinkage of 

epithelial cells and also inhibits ciliary activity. 

All the formulations were found suitable for 

nasal administration. 

 

Gelation Temperature 

Gelation is responsible for retention of 

formulation in the nasal cavity. Gelation for 

thermosensative in-situ nasal gel occurs due to 

temperature change and converts sol to gel in 

the nasal cavity. The gelation of in-situ gel 

should be immediate and remained for some 

time so it can enhance the residence time of in-

situ gel in the nasal mucosa which enhance the 

absorption of drug. The results obtained for 

gelation temperature study are as depicted in 

Table 3. All formulations were found to have 

satisfactory gelation temperature in the range of 

32 to 35 oC. 

 

Drug Content 

The drug content is important factor when it is 

related to efficacy. The drug content was 

observed in the range of 97.46 % to 100.58 %. 

 

Viscosity 

The viscosity of nasal in-situ formulations is 

shown in Table 3. Gel form showed more 

viscosity than solution. There was considerable 

change in viscosity with change of temperature. 

It was observed that viscosity increased from 

750 cps to 1360 cps, with variability in 
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concentration of polymers. At temperature 25 oC, 

the formulation exhibit liquid state and low 

viscosity; while at human body temperature, the 

solution transformed into gel having higher 

viscosity. This change in state was because of 

the thermosensitivity gelling property of 

Poloxamer 407 and Poloxamer 188. The increase 

in viscosity is also imparted due to increase in 

concentration of polymer HPMC K4M. 

 

Mucoadhesive Strength 

The mucoadhesive strength of various in-situ 

nasal formulations is stated in Table 3. The 

stronger the force, it can be established that 

longer is the nasal residence time. The all 

formulations showed appropriate mucoadhesion 

and the results were obtained within the range 

of 2100 to 3820 dyne/cm2. 

 

 

 

 

Histopathological Evaluation 

The histopathological study of normal sheep 

nasal mucosa (a), mucosa treated with nitric 

acid (b) and mucosa treated with optimized 

formulation of xylometazoline in-situ nasal gel 

(c) are shown in Fig. 4. In normal sheep nasal 

mucosa (untreated or negative control), the 

structure of the mucosa was well preserved (a). 

The surface pseudo epithelium displayed normal 

characteristics. After treatment with nitric acid 

(positive control), marked alterations in the 

surface pseudo epithelium were visible; the 

epithelial lining was completely distracted and 

they showed lose cohesive, sometimes detached 

and often vacuolated structure (b). After 

treatment with the optimized formulation of 

xylometazoline in situ gel (test sample), there 

were no marked alteration in the basal 

membrane as compared with negative control of 

nasal mucosa (c). Thus, in-situ gel formulations 

seem to be safe or non-irritant with respect to 

nasal administration. 

 

 

 

Fig. 4: Histopathological sections of sheep nasal mucosa 

 

Stability Study 

The stability of formulation was carried out at 

25 ± 2 ºC / 60 ± 5% RH and 40 ± 2oC/ 75 ± 5% 

RH. The results obtained as displayed in Table 

10. All the results were within predefined 

specification and no significant change was 

observed in context of initial results. During and 

at the completion of the stability study, the 

formulation disclosed drug content comparable 

to original results. Formulation also 

demonstrated the appropriate appearance, 

viscosity, pH and in vitro diffusion at the 

completion of the 12 months stability study.  
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Table 10: Results for stability study at 25 ± 2 oC/ 60 ± 5% RH (Batch NFAE) 

Specification Initial( 0 m) 3 months 6 months  9 months 12 months 

Appearance Clear 

solution 

Clear solution Clear 

solution 

Clear solution Clear 

solution 

pH 6.50 ± 0.0 6.40 ± 0.0 6.53±0.05 6.53 ± 0.05 6.50 ± 0.0 

Viscosity  

(cp, gel) 

1190.33±0.57 1179.33±0.57 1194.33 ±0.57 1199.33±0.57 1214.00±1.00 

Assay (%) 99.07 ± 1.23 99.38± 0.76 99.78 ± 1.42 98.67 ± 1.09 99.91 ± 2.33 

Drug (1hr) 

Diffusion  

28.00 ±1.00 26.33 ±1.15 29.66  ± 0.57 32.33 ±1.15 29.00 ±1.00 

Drug (3 hr) 

Diffusion 

49.66  ± 0.57 45.66  ± 0.57 52.00 ±1.00 56.66  ± 0.57 52.33 ±1.15 

Drug (6 hr) 

Diffusion  

92.33 ±1.15 90.33 ±1.15 93.33 ±1.15 96.66  ± 0.57 94.00 ±1.00 

Net content 10 ml -- -- -- 10 ml 

Sterility confirms -- -- -- confirms 

Results for Accelerated study at 40 ± 2 oC/ 75 ± 5% RH (Batch NFAE) 

Specifications Initial ( 0 m) At 3 months At 6 months 

Appearance Clear solution Clear solution Clear solution 

pH 6.50 ± 0.0 6.53 ± 0.05 6.53 ± 0.05 

Viscosity (cp, gel) 1190.33±0.57 1203.66 ± 0.57 1224.33 ± 0.57 

Drug Content (%) 99.07 ± 1.23 99.69 ± 1.43 98.71 ± 1.29 

Drug Diffusion at 1 hr 28.00 ±1.00 25.33 ±1.15 30.33 ±1.15 

Drug Diffusion at 3 hr 49.66  ± 0.57 48.33 ±1.15 46.00 ±1.00 

Drug Diffusion at 6 hr 92.33 ±1.15 94.00 ±1.00 96.00 ±1.00 

Net content 10 ml -- 10 ml 

Sterility confirms -- confirms 

 

CONCLUSION 

The nasal in-situ gel of xylometazoline 

formulation was successfully developed using 

polymers, Poloxamer 407 and HPMC K4M. The 

preformulation study showed that active 

pharmaceutical ingredient xylometazoline 

supported the developmental activity. The drug-

excipient compatibility study disclosed that 

there is no interaction between xylometazoline 

and excipients used in the formulation. 

Optimization was performed using 32 factorial 

design, where Poloxamer 407 and HPMC K4M 

were taken as independent factors. All 

formulations were evaluated for various 

parameters like pH, viscosity, gel strength, 

mucoadhesive strength and in-vitro diffusion. All 

the formulations were found within pH 6.5 ± 0.3, 

and the viscosity ranged from 65.33  to 98.33 cps 

(sol). The results for mucoadhesive strength 

were obtained within the range of 2100 to 3820 

dyne/cm2, while Gel strength in the range of 16 

to 58 seconds. The diffusion study and 

histopathological study was carried out of the 

optimized formulation. Results of stability 

studies showed that the nasal gel formulation 

was stable upto 12 months. The developed 

formulation is an alternative to conventional 

nasal solution by virtue of its ability to polong 

nasal residence time and ability to produce 

sustained drug release.  
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