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1. TITLE OF THESIS AND ABSTRACT 

1.1 TITLE OF THESIS 
FORMULATION, DEVELOPMENT AND EVALUATION OF NASAL 

MUCOADHESIVE DOASGE FORM CONTAINING DESMOPRESSIN ACETATE: 

AN IN VIVO-EX VIVO CHARACTERIZATION 

1.2 ABSTRACT 
Nocturnal enuresis (bed wetting) is an involuntary loss of urine at night in children. 

Central diabetes insipidus (CDI) occurs in a wide age range of people and typical 

symptoms of CDI are presence of resistant excessive urination (polyuria) which is 

followed by excessive thirst (polydipsia). The treatment of choice in nocturnal enuresis 

and CDI is desmopressin and it is available as parenteral, intranasal and tablet forms. It 

exhibits a low oral bioavailability and dislike of injection the alternative is intranasal 

route, but lower retention time of solution in nasal cavity resulting in poor bioavailability 

and less transfer of drug directly to the brain through the olfactory pathway. To the best 

of our knowledge, no information is available in the literature on the improvement of 

Desmopressin bioavailability by formulating dry nasal powder (DNP) and 

thermoreversible in situ gel using mucoadhesive polymer. The present research was 

aimed to explore dry nasal powder by spray drying method and thermoreversible in situ 

gel formulation development using 32 factorial design to enhance drug residence time at 

its absorption site, improve the stability of peptide hormone due to its dry form and 

increase the bioavailability of desmopressin acetate. Dry nasal powder was prepared by 

spray drying method using different mucoadhesive polymer like HPMC (Methocel E5), 

carbopol 934P or chitosan and on the basis of preliminary trials formulation was 

optimized using 32 factorial design. The 32 factorial design was employed using polymer 

concentration and feed rate as independent variables and particle size and % yield were 

taken as dependent variables. The optimized batch was selected using Design Expert 

software using overlay plot employing desirability approach. The dry nasal powder 

(DNP) formulations were evaluated for particle size, mucoadhesive strength, % yield, % 

drug content, scanning electron microscopy, DSC study, nasal toxicity study, ex vivo 

drug release study, stability study and in vivo study. The composition of optimized 
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formulation consisted of 41.32 mg of HPMC (Methocel E5), 1443.68 mg of mannitol, 15 

mg of desmopressin acetate for DNP containing HPMC, 27.38 mg of carbopol, 1457.62 

mg of mannitol, 15 mg of desmopressin acetate for DNP containing carbopol, 6.75 mg of 

chitosan, 1478.43 mg of mannitol, 15 mg of desmopressin acetate for DNP containing 

chitosan. The present work also described the formulation development of 

thermoreversible in situ gel of desmopressin acetate. The 32 factorial design was 

employed using polymers concentration as independent variables and viscosity and 

mucoadhesive strength were taken as dependent variables. The optimized batch was 

selected using Design Expert software using overlay plot employing desirability 

approach. The thermoreversible in situ gel formulations were evaluated for inflection 

point, gelation Temp., pH, viscosity, drug content, gel strength, mucoadhessive strength, 

nasal toxicity study, ex vivo drug release study, stability study and in vivo study. The 

composition of optimized formulation consisted of 1 mg of desmopressin acetate, 

1988.67 mg of pluronic F127, 305.33 mg of  pluronic F68, 1 mg of BKC and 10 ml of 

purified water for temperature sensitive thermoreversible gel, 1 mg of desmopressin 

acetate, 27.335 mg of carbopol, 45.222 mg of  chitosan, 1 mg of BKC and 10 ml of 

purified water for pH sensitive thermoreversible gel and 1 mg of desmopressin acetate, 

40.53 mg of gellan gum, 19.74 mg of  HPMC E4M, 1 mg of BKC and 10 ml of purified 

water for ion sensitive thermoreversible gel. The in-vivo pharmacodynamic study 

revealed that after intranasal administration of desmopressin dry nasal powder and 

thermoreversible insitu gel significantly decreased urine volume as compared to control 

and HCTZ indicating its potential to treat nocturnal enuresis and central diabetes 

insipidus. 

 

2. BRIEF DESCRIPTION ON THE STATE OF THE ART OF THE 

RESEARCH TOPIC 

Dry nasal powder 
It may be developed if solution and suspension dosage forms cannot be developed e.g. 

due to lack of drug stability. The advantage to the nasal powder dosage form is the 

absence of preservatives and superior stability of the formulation. However, the 
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suitability of the powder formulation is dependent on the solubility, particle size, 

aerodynamic properties and nasal irritancy of the active drug and/or excipients. [1]. 

Advantage of dry nasal powder  

 Amount of nasal powder required is less than the spray solution, hence patient 

compliance is more.  

 Dose uniformity of mucoadhesive powder is more.  

 Potential risks of adverse effect to the nasal mucosa due to preservatives are 

negligible.  

 It is more stable formulation than spray solution and should be stored at room 

temperature.  

 Nasal spray should not be used when dose required is less than 10 µg (0.1 ml) 

mainly in paediatric patients. 

Nasal Thermoreversible in situ gel 
Gels are the polymeric network which increases the contact time of drug at the 

administered site, hence increasing the absorption of drug, due to its mucoadhesive 

property. However, it shows less patient compliance owing to its semi solid nature and 

difficulty in application. Hence the patient compliance can be improved be designing the 

formulation such that it is liquid during application but turns into a gel when comes in 

contact with the environment of the nasal cavity [2].  

In the present investigation, an attempt was made to design and develop Dry nasal 

powder and Thermoreversible Insitu gel for nasal administration to enhance drug 

residence time at its absorption site, improve the stability of peptide hormone due to its 

dry form and increase the bioavailability of drugs. 

3. DEFINITION OF THE PROBLEM 
From the literature review on the subject related to central diabetes insipidus, nocturnal 

enuresis and their available therapies, the challenges associated with the current therapies 

were identified, and from the review emerged the research problem to be addressed. 

Desmopressin is given by oral or parental routes. Desmopressin have a low oral 

bioavailability. IV, IM or SC administration is an alternative; however, dislike of 
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injections or inability to self-administer by this route makes treatment unacceptable to 

some individuals. The intranasal route may be a viable alternative for self-administration, 

whereby these limitations could be overcome. However, the problem associated with 

nasal delivery of Desmopressin solution is lower retention time of solution in nasal cavity 

resulting in lower bioavailability as well as lower transfer of directly to the brain through 

the olfactory pathway. Hence, a formulation that would increase residence time in the 

nasal cavity and at the same time increase absorption of the drug would be highly 

beneficial in all respects. The use of bioadhesive polymers can lengthen the residence 

time and enhance bioavailability of drugs delivered to the nasal cavity [3]. 

Desmopressin (1-desamino-8-D- arginine vasopressin)   is a synthetic cyclic nonapeptide 

which act on V₂-receptors and involves activation of adenylate cyclase in renal collecting 

duct. Compared with pituitary vasopressin hormone, Desmopressin not only has longer 

and much more potent antidiuretic action, but also has minimal side effects. 

 

Hence, the aim of present investigation was to design and develop dry nasal powder and 

insitu gel formulation of desmopressin acetate to enhance drug residence time at the 

absorption site, improve the stability of peptide hormone due to its dry form and increase 

the bioavailability of drugs. 

4. OBJECTIVE AND SCOPE OF WORK 

The overall objectives of the research are summarized as: 

➢ To formulate and evaluate the dry nasal powder and thermoreversible insitu gel of 

desmopressin.  

➢ To enhance drug residence time at the site of absorption. 

➢ To improve the stability of desmopressin acetate. 

➢ To improve patient compliance. 

Scope of the research work: 
By developing the effective mucoadhesive delivery system for the existing drug, can 

target brain for the treatment of central diabetes insipidus and nocturnal enuresis. After 
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clinical trials and fulfillment of other regulatory requirements, the developed formulation 

may prove to be boon to the society at large for treatment of central diabetes insipidus 

and nocturnal enuresis. 

 

5. ORIGINAL CONTRIBUTION BY THE THESIS 
The entire work in the synopsis and thesis is original. Extensive literature review was 

done to identify the challenges associated with treatment of central diabetes insipidus and 

nocturnal enuresis and approaches which can resolve them. Although multitude of 

researchers have work on development of Dry nasal powder and Thermoreversible Insitu 

gel of various drugs, the idea of development of Dry nasal powder and Thermoreversible 

Insitu gel of anti-diuretic hormone drug by systematic approach of design of experiment 

for optimization of various parameters and to target the drug to the brain through 

intranasal route for an attempt towards complete treatment of central diabetes insipidus 

and nocturnal enuresis was probably yet not investigated by any other researcher. The 

details of the associated papers are as follows: 

 

5.1  LIST OF PUBLICATION 
1.  Bhoomita G. Hadiya, Dr. L. D. Patel, Mayur P. Parmar, “Formulation and 

Evaluation of Dry Nasal Mucoadhesive Powder of Desmopressin acetate by 

using 32 Full Factorial Design” in World Journal of Pharmaceutical Research. 

(ISSN 2277-7105). Accepted Manuscript no: WJPR/15758/8/2019 dated: 21/8/2019.  

2.  Bhoomita G. Hadiya, Dr. L. D. Patel, Mayur P. Parmar, “Formulation and   

Development of Temperature Sensitive in Situ Gelling System of Desmopressin 

Acetate for Nasal Drug Delivery” in International Journal of Pharmaceutical 

Sciences Review and Research (ISSN-0976-044X). Accepted Manuscript no: 19-249 

dated: 22/8/2019. 

 

5.2 PATENT  
Bhoomita G. Hadiya, Dr. L. D. Patel, “Mucoadhesive dry nasal powder and 

thermo reversible in situ gel comprising desmopressin acetate” at Mumbai 
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Intellectual Property and Trademark office. Date of Filing: 26th August 2019. (Patent 

filed and awaiting for acknowledgement of receipt). 

 

6. METHODOLOGY OF RESEARCH 

Experimental Work – I 
Analytical Method  

HPLC methods have been reported for the estimation of desmopressin acetate in 

formulations [4, 5]. The chromatographic procedure was carried out using a stainless 

steel column 0.12 m long and 4.0 mm in internal diameter packed with octadecylsilyl 

silica gel. Mobile phase was a mixture of 80 volumes of 0.067 M phosphate buffer 

solution pH 7.0 filter, degas and 20 volumes of acetonitrile. Flow rate was 2.0 ml/min 

and Detection wavelength was 220 nm. Linearity was observed in the concentration 

range of 1 - 200 ug/ml with regression coefficient value of 1.00. Retention time of 

desmopressin acetate was 5 min. 

 Formulation and development of dry nasal powder 
Dry nasal powder was prepared by spray drying method using mucoadhesive polymer 

like HPMC (Methocel E5), carbopol 934P or chitosan. In spray drying, fluid mixture is 

sprayed into a hot dry air as a solvent, emulsion, suspension or dispersion. The solvent is 

vaporized immediately by the hot air. This vaporization process rapidly removes heat so 

that the product is dried gently without thermally shocking it. The product is turned into a 

powder, granulate or agglomerate within few seconds. Nasal powder is a suitable dosage 

for insufflation into nasal cavity [6]. 

Preparation of dry nasal powder Using  

 HPMC: Solution prepared by dissolving hydroxy propyl methyl cellulose (HPMC 

Methocel E5), Mannitol and Desmopressin acetate in Distilled water (q.s to 50 ml) to 

give solid concentration 3%. Spray drying of the solution was carried out using a 

model LU-227 Advanced lab spray dryer. 

 

 Carbopol 934P: Solution prepared by dissolving Carbopol 934P (allowed to swell 

over night), Mannitol and Desmopressin acetate in Distilled water (q.s to 50 ml) to 
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give solid concentration 3%. Spray drying of the solution was carried out using a 

model LU-227 Advanced lab spray dryer. 

 

 Chitosan: Dissolve chitosan in distilled water (q.s to 25 ml) by adjusting pH around 

4-4.5 with 1% acetic acid. Then dissolve Mannitol and Desmopressin acetate in 

Distilled water (q.s to 25 ml). Mix both the solution to give final solid concentration 

3%. Spray drying of the solution was carried out using a model LU-227 Advanced lab 

spray dryer. 

 

Preliminary trials for dry nasal powder of desmopressin acetate containing HPMC 

(Methocel E5), Carbopol or Chitosan as mucoadhesive polymer 

Preliminary trials were formulated without drug with varying quantity of HPMC, 

Carbopol or chitosan as mucoadhesive polymer at different feed rate and aspirator speed 

of the spray dryer to select the variables. Mannitol was used as the cryoprotectant. The 

drug was incorporated in the selected batches of respective polymer. Particle size and % 

yield were measured for the batches.  

 

Optimization of dry nasal powder of desmopressin acetate containing HPMC, 

Carbopol 934P or Chitosan using 32 factorial design 

The preliminary trials were carried out using different concentration of HPMC, Carbopol 

or chitosan as mucoadhesive polymer at different feed rate and aspiration speed. On the 

basis of results of preliminary trials concentration of mucoadhesive polymer (X1) and 

feed rate (X2) were selected as independent variables and particle size (Y1) and % yield 

(Y2) were selected as dependent variables. Multiple regression analysis, contour plot and 

3D response surface plot were used to study the main and interaction effects of the 

variables.   

Optimization of Dry nasal powder formulation by Design Expert software  

The desirability function approach is a technique for the simultaneous determination of 

optimum settings of input variables that can determine optimum performance levels for 

one or more responses [7]. The optimization of dry nasal powder formulation was 
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performed using Design Expert software employing overlay plot with desirability 

approach.  

Measurement of evaluation parameters of Dry nasal powder Formulations  

Particle size, mucoadhesive strength, % yield, % drug content, scanning electron 

microscopy, DSC study, nasal toxicity study, ex vivo drug diffusion study, stability study 

and in vivo study.  

Stability study of desmopressin acetate dry nasal powder 

The stability of optimized formulation was carried out at 30°C ± 2°C/65% RH ± 5% RH 

(room temperature) and 40°C ± 2°C/75% RH ± 5% RH as per ICH guidelines. At the 

interval of 15 days, samples were withdrawn from the vials from both the conditions and 

subjected for the analysis of size and % drug retained [8]. 

 

Experimental Work – II 

 Formulation and development of Thermoreversible in situ gel 
Temperature Sensitive Thermoreversible Gel: Thermo reversible gel was prepared 

using cold method described by Schmolka [9]. This method involved slow addition of 

polymer pluronic F127 and pluronic F68 in the quantity of 1750, 1850, 1950 mg and 000, 

300, 400 mg respectively in cold water with continuous agitation. The formed mixtures 

were stored overnight at 4°C. The liquid was left at 4˚C until a clear solution was 

obtained. To the above solution, 1 mg drug and benzaylkonium chloride 1 mg were 

added.  

pH  Sensitive Thermoreversible Gel: Adjust the pH of distilled water around 4-4.5 with 

1% glacial acetic acid then slowly add chitosan in concentration range of 10, 30, 50 mg in 

distilled water. Appropriate amount of carbopol 934P (10, 30, 50 mg) were slowly added 

to this solution. This solution was then stirred until carbopol 934P completely dissolves 

in it.  After the complete hydration of both polymers benzaylkonium chloride and drug (1 

mg) was added to it. This resulting formulation was then kept at 4°C until clear solution 

is obtained. Adjust the pH of the formulation to 6 with 0.1M NaOH [10-12]. 

Ion Sensitive Thermoreversible Gel: Gellan gum in concentration range of 30, 40 and 

50 mg was weighed and dispersed in ultra-pure water. The dispersions were then stirred 
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by mechanical stirrer (Remi motors ltd, Mumbai, India, type RQ-122) for 30 min at 90°C 

in a water bath and then cooled to room temperature. HPMC E4M in concentration range 

of 5, 10, 15 mg was weighed and dissolved in above solution. To the above solution add 

1 mg drug and 1 mg benzaylkonium chloride were added [13,14]. 

 

Preliminary trials for temperature sensitive, pH sensitive or ion sensitive 

thermoreversible insitu gel of desmopressin acetate  

A preliminary screening was performed to optimize the concentration of mucoadhesive 

polymer for the stable formulation of temperature sensitive, pH sensitive or ion sensitive 

thermoreversible in situ gel. Viscosity and mucoadhesive strength were measured for the 

batches.  

 

Optimization of temperature sensitive, pH sensitive or ion sensitive 

thermoreversible gel of desmopressin acetate using 32factorial Design [15-17] 

The preliminary trials were carried out using different concentration of polymer to 

prepared thermoreversible in situ gel. On the basis of results of preliminary trials, 

concentration of polymers (X1 and X2) was selected as independent variables and 

viscosity (Y1) and mucoadhesive strength (Y2) were selected as dependent variables.  

 

Optimization of thermoreversible insitu gel formulation by Design Expert software  

The optimization of thermoreversible insitu gel formulation was performed using Design 

Expert software using overlay plot employing desirability approach.  

 

Measurement of evaluation parameters of thermoreversible insitu gel formulations  

Inflection point, gelation Temp., pH, viscosity, drug content, gel strength, mucoadhessive 

strength, nasal toxicity study, ex vivo drug diffusion study, stability study and in vivo 

study.  

 

Stability Study of desmopressin acetate thermoreversible insitu gel 

The stability of optimized formulation was carried out at room temperature (30°C ± 

2°C/65% RH ± 5% RH) and in refrigerator temperature (2- 8˚C) as per ICH guidelines. 
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At the interval of 15 days, samples were withdrawn from the vials from both the 

conditions and subjected for the analysis of % drug retained. 

 

7. RESULTS AND DISCUSSION 

Experimental Work – I 
Preliminary trials for dry nasal powder of desmopressin acetate containing HPMC 

(Methocel E5), Carbopol or Chitosan as mucoadhesive polymer 

 

Table 1: Preliminary trials for dry nasal powder of desmopressin acetate containing 
HPMC (Methocel E5) as mucoadhesive polymer 

Batch 
Name 

HPMC
(Metho
cel E5) 
 (mg) 

Mann
itol 

(mg) 

Drug 
(mg) 

Distill 
water 
(ml) 

Feed 
Rate 

(ml/m
in) 

Aspirator 
(RPM) 

Avg. Particle 
Size d(0.9) 

(µm) 
% Yield 

HA 15 1485 - 50 6 600 119.3±1.010 44.6±1.926 
HB 15 1485 - 50 6 1200 73.51±1.662 51.7±0.278 
HC 15 1485 - 50 6 1500 46.6±0.219 33.0±2.821 
HD 15 1485 - 50 6 1800 47.2±1.423 36.1±2.109 
HE 15 1485 - 50 3 1500 38.9±2.071 21.9±0.151 
HF 15 1485 - 50 6 1500 25.4±0.578 53.3±1.020 
HG 15 1485 - 50 9 1500 21.9±1.282 39.1±1.519 
HH 22.5 1477 - 50 6 1500 4.9±0.802 12.5±2.671 

 HI 30 1470 - 50 6 1500 6.2±2.208 42.7±0.592 
HJ 37.5 1462 - 50 6 1500 13.7±0.125 56.8±1.291 
HK 45 1455 - 50 6 1500 14.4±1.134 59.0±1.629 
HL 45 1440 15 50 6 1500 13.23±2.091 63.7±1.942 

 

Batches HA to HL were prepared using optimization parameter like HPMC 

concentration, feed rate and aspiration speed. On the basis of result of preliminary trials 

batch HL was found satisfactory.  
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Table 2: Preliminary trials for dry nasal powder of desmopressin acetate containing 

Carbopol 934P as mucoadhesive polymer  

Batch 
Name 

Carbo
pol 

934P 
(mg) 

Mannit
ol (mg) 

Drug 
(mg) 

Distill 
water 
(ml) 

Feed 
Rate 
(ml/
min) 

Aspirator 
(RPM) 

Avg. Particle 
Size d(0.9) 

(µm) 
% Yield 

CA 15 1485 - 50 6 1500 51.4±0.383 31.9±1.318 
CB 22.5 1477.5 - 50 6 1500 5.2±1.705 60.2±1.628 
CC 30 1470 - 50 6 1500 11.8±0.498 63.7±0.570 
CD 30 1455 15 50 6 1500 12.84±1.392 66.9±0.259 

 

The preliminary trails for Carbopol 934P were carried out using 6 ml/min of feed rate and 

1500 rpm of aspiration speed. Batch CA to CD was prepared and on the basis of result of 

preliminary trials batch CD was found satisfactory. 

 

Table 3: Preliminary trials for dry nasal powder of desmopressin acetate containing 

chitosan as mucoadhesive polymer     

Batch 
Name 

Chitosan 
(mg) 

Mannit
ol (mg) 

Drug 
(mg) 

Distill 
water 
(ml) 

Feed 
Rate 

(ml/min) 

Aspirator 
(RPM) 

Avg. Particle 
Size d(0.9) 

(µm) 
% Yield 

CHA 1.5 1498.5 - 50 6 1500 67.7±0.712 50.3±1.271 
CHB 3 1497 - 50 6 1500 7.6±1.165 61.4±1.810 
CHC 5 1495 - 50 6 1500 13.8±0.930 64.1±0.297 
CHD 7 1493 - 50 6 1500 17.8±1.819 57.1±1.038 
CHE 5 1480 15 50 6 1500 10.84±1.628 69.5±0.816 
 

The preliminary trails for chitosan were carried out using 6 ml/min of feed rate and 1500 

rpm of aspiration speed. Batch CHA to CHE was prepared and on the basis of result of 

preliminary trials batch CHE was found satisfactory. 
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Optimization of dry nasal powder of desmopressin acetate containing HPMC using 

32 factorial design 

Table 4: Factors and levels of independent variables in 32 factorial design for 
formulation of dry nasal powder of desmopressin acetate containing HPMC 

Independent variables 
 

Level 
Low (-1) Medium (0) High (+1) 

HPMC (Methocel E5) conc. (X1) (mg) 30 45 60 
Feed rate  (X2), (ml/min)                                         5 6 7 

 

Table 5: Experimental runs and measured responses of  32 factorial design for 
formulation of dry nasal powder of desmopressin acetate containing HPMC 
Batch X1 X2 Particle size (PS) (Y1) µm % Yield (Y2) 

H1 -1 -1 19.42 44.04 
H2 0 -1 18.21 52.42 
H3 1 -1 16.59 33.33 
H4 -1 0 12.44 57.12 

H5 0 0 12.22 64.46 
H6 1 0 11.99 53.36 

H7 -1 1 12.98 55.48 
H8 0 1 11.78 64.65 
H9 1 1 11.35 64.12 

 

Particle size (PS) (Y1) µm 

A full model equation of particle size (PS) (YFPS) was written as Equation 1. 

YFPS=12.177-0.8183X1-3.018X2+0.300X1X2+0.0583X1
2+2.838X2

2… (Equation 1) 

The reduced model for particle size (PS) (YRPS) was presented as Equation 2. 

YRPS = 12.21666 - 0.818333X1 - 3.01833X2 + 2.83833X2
2……… (Equation 2) 

 % Yield (Y2) 

A full model equation of % yield (YFY) was written as Equation 3. 

YFY = 64.492-0.9716X1+9.076X2+4.837X1X2-9.268X1
2 -5.973X2

2 … (Equation 3) 

The reduced model for % yield (YRY) was presented as Equation 4. 

YRY = 60.51 - 0.971667X1 + 9.07667X2 - 9.26833X1
2 + 4.8375X1X2   … (Equation 4) 
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Optimization of dry nasal powder of desmopressin acetate containing HPMC 

Formulation 

Optimized formulation was selected by arbitrarily fixing the criteria of 11.35 – 19.92 µm 

of the particle size (PS) and 33.33– 64.65 % yield for desmopressin dry nasal powder. 

Then recommended concentrations of the independent variables were calculated by the 

Design Expert software using overlay plot employing desirability approach.  

 
Figure 1: Overlay plot for optimization of dry nasal powder of desmopressin acetate 
containing HPMC 
 
 
Table 6: Optimized formulation of dry nasal powder of  desmopressin acetate 
containing HPMC (Batch HPO) 

Material used Quantity (mg) 
Desmopressin acetate 15 mg 
HPMC (Methocel E5) 41.32 mg 

Mannitol 1443.68 mg 
Distill water 50 ml 

Feed rate 6.08 ml/min 
Aspiration speed 1500 rpm 

Response Predicted Actual 
Particle size (um) (Y1) 12.152 13.23±2.091 

% Yield  (Y2) 64.778 65.0123±0.356 
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Optimization of dry nasal powder of desmopressin acetate containing Carbopol 

934P using 32 factorial design  

Table 7: Factors and levels of independent variables in 32 factorial design for 
formulation of dry nasal powder of desmopressin acetate containing carbopol 934P 

Independent variables 
 

Level 
Low (-1) Medium (0) High (+1) 

Carbopol 934P conc. (X1) mg 15 30 45 
Feed rate  (X2), (ml/min)                                    5 6 7 

 

Table 8: Experimental runs and measured responses of  32 factorial design for 
formulation of dry nasal powder of desmopressin acetate containing carbopol 934P  
Batch X1 X2 Particle size (PS) (Y1) µm % Yield (Y2) 

C1 -1 -1 54.21 33.56 
C2 0 -1 43.67 45.38 

C3 1 -1 37.98 51.31 
C4 -1 0 26.32 57.83 
C5 0 0 15.85 61.09 

C6 1 0 12.31 63.57 
C7 -1 1 16.94 67.95 

C8 0 1 11.38 69.74 
C9 1 1 13.29 59.87 

 

Particle size (PS) (Y1) µm 

A full model equation of particle size (PS) (YFPS) was written as Equation 5. 

YFPS =16.021-5.648X1-15.708X2 + 3.145X1X2 + 3.208X1
2 + 11.418X2

2 … (Equation 5) 

The reduced model for particle size (PS) (YRPS) was presented as Equation 6. 

YRPS = 18.16 - 5.64833X1 - 15.70833X2 + 3.1450X1X2 + 11.418X2
2... (Equation 6) 

 % Yield (Y2) 

A full model equation of % yield (YFY) was written as Equation 7. 

YFY = 62.866+2.568X1 + 11.213X2 - 6.457X1X2 - 3.055X1
2 -6.195X2

2 … (Equation 7) 

The reduced model for % yield (YRY) was presented as Equation 8. 

YRY = 60.83 + 2.568333X1 + 11.21833X2 - 6.4575X1X2 - 6.1950X2
2… (Equation 8) 
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Optimization of dry nasal powder of desmopressin acetate containing carbopol 

Formulation 

Optimized formulation was selected by arbitrarily fixing the criteria of 11.38-54.21 µm 

of the particle size (PS) and 33.56 - 69.74 % yield for desmopressin dry nasal powder. 

Then recommended concentrations of the independent variables were calculated by the 

Design Expert software using overlay plot with desirability approach. 

 
Figure 2: Overlay plot for optimization of dry nasal powder of desmopressin acetate 

containing carbopol 

 

Table 9: Optimized formulation of dry nasal powder of desmopressin acetate 
containing Carbopol  (Batch CAO) 

Material used Quantity per Unit (mg) 

Desmopressin acetate 15 mg 
Carbopol 27.38 mg 
Mannitol 1457.62 mg 

Distill water 50 ml 
Feed rate 5.89 ml/min 

Aspiration speed 1500 rpm 
Response Predicted Actual 

Particle size (um) (Y1) 14.035 12.84±1.392 
% Yield  (Y2) 60.885 61.231±1.28 
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Optimization of dry nasal powder of desmopressin acetate containing chitosan using 

32 factorial design  

Table 10: Factors and levels of independent variables in 32 design for 
formulation of dry nasal powder of desmopressin acetate containing chitosan 

Independent variables 
 

Level 
Low (-1) Medium (0) High (+1) 

Chitosan concentration (X1) mg 3 5 7 

Feed rate (X2), (ml/min) 5 6 7 
 

Table 11: Experimental runs and measured responses of  32 design for formulation 
of dry nasal powder of desmopressin acetate containing chitosan  
Batch X1 X2 Average particle size (PS) (Y1) µm % Yield (Y2) 
CH1 -1 -1 71.31 54.48 
CH2 0 -1 66.74 58.39 
CH3 1 -1 54.09 51.89 
CH4 -1 0 35.65 57.61 
CH5 0 0 32.8 65.06 
CH6 1 0 17.12 60.28 
CH7 -1 1 15.61 52.72 
CH8 0 1 16.02 62.31 
CH9 1 1 9.7 67.38 

 

Particle size (PS) (Y1) µm 

A full model equation of particle size (PS) (YFPS) was written as Equation 9. 

YFPS  = 31.594-6.943X1-25.13X2+2.827X1X2- 4.606X1
2+10.388X2

2 … (Equation 9) 

The reduced model for particle size (PS) (YRPS) was presented as Equation 10. 

YRPS = 28.5233 - 6.9433X1 - 25.135X2 + 10.388X2
2…………. (Equation 10) 

% Yield (Y2) 

A full model equation of % yield (YFY) was written as Equation 11. 

YFY  = 64.001+ 2.45X1 + 2.94X2 + 4.31X1X2 - 4.52X1
2 - 3.12X2

2 ……… (Equation 11) 

The reduced model for % yield (YRY) was presented as Equation 12. 

YRY = 61.92 + 2.4566X1 + 2.9416X2 - 4.5266X1
2 + 4.3125X1X2…… (Equation 12) 
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Optimization of dry nasal powder of desmopressin acetate containing chitosan  

Optimized formulation was selected by arbitrarily fixing the criteria of 9.7 – 71.31µm of 

the particle size (PS) and 51.89 – 67.38 % yield for desmopressin dry nasal powder. Then 

recommended concentrations of the independent variables were calculated by the Design 

Expert software using overlay plot with desirability approach.  

 
Figure 3: Overlay plot for optimization of dry nasal powder of desmopressin acetate 

containing chitosan  

Table 12: Optimized formulation of dry nasal powder of desmopressin acetate 
containing Chitosan  (Batch CHO) 

Material used Quantity per Unit (mg) 

Desmopressin acetate 15 mg 

Chitosan 6.75 mg 

Mannitol 1478.43 mg 

Distill water 50 ml 

Feed rate 5.93 ml/min 

Aspiration speed 1500 rpm 

Response Predicted Actual 

Particle size (um) (Y1) 12.986 10.84±2.123 

% Yield  (Y2) 62.662 60.321±0.923 
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Results of evaluation parameters of desmopressin acetate dry nasal powder 

containing HPMC (Methocel E5) (Batch-HPO), Carbopol 934P (Batch-CAO) or 

Chitosan (Batch-CHO) 

Particle size 

Particle size of batch HPO, CAO and CHO was found to be 13.23, 12.84 and 10.84 µm 

respectively 

% Yield 

% yield of batch HPO, CAO and CHO was found to be 65.0123 ± 0.356 %, 61.231 ± 

1.28 % and 60.321 ± 0.923 % respectively. 

Mucoadhesive strength  

The mucoadhesive strength of batch HPO, CAO and CHO was found to be 2709.3, 

3401.9 and 3115.4 dynes/cm2 respectively. 

% Drug content 
% Drug content of batch HPO, CAO and CHO obtained was 61.3±1.091%, 69.1±1.091% 

and 72.4±1.231% respectively. 

Scanning electron microscopy (SEM) 

The Scanning electron micrographs revealed that pure desmopressin acetate shows 

irregular shape and dry nasal powder containing desmopressin acetate were of good 

spherical shape. 

Differential Scanning Calorimetry (DSC) 

DSC study revealed that peak of drug was absent in DSC thermogram of dry powder 

indicating conversion of crystalline form of Desmopressin acetate in amorphous form 

during preparation.  

Ex-vivo drug diffusion study 

The results showed that the drug released from batch HPO, CAO and CHO was found to 

be 84.9%, 87.2% and 83.5% respectively after 360 min. 
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Figure 4: Comparative ex vivo drug diffusion of plain drug, dry nasal powder of 
desmopressin acetate containing HPMC, carbopol, chitosan 
 
Nasal toxicity study 

The nasal mucosa treated with test preparation batch HPO, CAO and CHO showed 

reversible contraction of epithelial layer after 1 hr washing and no damage to the other 

parts of mucosa were observed. 

In-vivo study for antidiuretic activity 

Table 13: Effect of dry nasal powder on Urine Volume 

Formulation 
Urine 

volume(After 
24hr.) ml 

Na+ mmol/lit 
(after 24 hr.) 

K+ mmol/lit 
(after 24 hr.) 

Group I: Control 2.7 ± 0.28 137.3 ± 0.39 5.1 ± 0.43 
Group II: HCTZ 3.4 ± 0.19 156.5 ± 0.14 5.7 ± 0.65 

Group III: Dry nasal powder 
of DA containing HPMC 

batch HPO + HCTZ 
1.3 ± 0.87 140.2 ± 0.43 3.8 ± 0.17 

Group IV: Dry nasal powder 
of DA containing Carbopol 

batch CAO + HCTZ 
1.1 ± 0.36 138.9 ± 0.21 4.2 ± 0.82 

Group V: Dry nasal powder of 
DA containing Chitosan batch 

CHO + HCTZ 
1.6 ± 0.20 143.6 ± 0.37 3.6 ± 0.74 

 

Results demonstrated that after intranasal administration of desmopressin acetate dry 

nasal powder urine volume was significantly decreased as compared to control and 

HCTZ. 
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Stability Study 
It was concluded that the optimum temperature of storage of the dry nasal powder was 

room temperature (30°C ± 2°C/65% RH ± 5% RH). The dry nasal powder were stable at 

30°C ± 2°C/65% RH ± 5% RH for period of 4 months, so there was no need of 

refrigerated storage and it increases the stability of peptide hormone (Desmopressin 

acetate). 

 

Experimental Work – II 

Preliminary trials for temperature sensitive, pH sensitive or ion sensitive 

thermoreversible insitu gel of desmopressin acetate 

 

Table 14: Preliminary trials for temperature sensitive thermoreversible insitu gel of 

desmopressin acetate 

Batches 

    Conc. of 
pluroni
c F127  
(mg) 

   Conc. of 
pluronic 

F68   
(mg) 

Desmopressin 
acetate (mg) 

BKC 
(mg) 

Purified 
Water  
(ml) 

 
 

Viscosity 
(cps) 

 
 

Mucoadhesive 
strength 

(dynes/cm2) 
TA 1750 000 1.0 1.0 10  309.3±0.184 1937.3±0.198 
TB 1750 300 1.0 1.0 10  334.9±1.923 2021.9±1.673 
TC 1750 400 1.0 1.0 10  348.3±2.763 2309.4±2.751 
TD 1850 000 1.0 1.0 10  389.2±1.973 2609.1±1.972 
TE 1850 300 1.0 1.0 10  401.5±1.082 2930.4±0.162 
TF 1850 400 1.0 1.0 10  499.9±0.124 3188.2±1.723 
TG 1950 000 1.0 1.0 10 597.2±3.098 3392.6±2.910 
TH 1950 300 1.0 1.0 10  680.0±1.092 3791.0±0.297 
TI 1950 400 1.0 1.0 10  750.2±2.091 3812.3±0.176 
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Table 15: Preliminary trials for pH sensitive thermoreversible gel insitu gel of 
desmopressin acetate 

Batches 

Conc. Of 
Carbopol  

934P 
(mg) 

Conc. Of 
Chitosa
n   (mg) 

Desmopressi
n acetate 

(mg) 

BKC 
(mg) 

Purified 
water 
(ml) 

 
 

Viscosity 
(cps) 

 
Mucoadhesive 

strength 
(dynes/cm2) 

PA 10 10 1.0 1.0  10  873.2±0.109 2091.3±1.198 
PB 10 30 1.0 1.0 10  997.2±2.913 

±0.1849±±H
2165.9±1.273 

PC 10 50 1.0 1.0 10  1134.9±1.58
3 

2387.4±0.751 
PD 30 10 1.0 1.0  10  1289.8±0.99

3 
2501.1±2.973 

PE 30 30 1.0 1.0  10  1453.5±1.08
2 

2930.4±0.162 
PF 30 50 1.0 1.0 10  1543.9±0.92

4 
3199.2±1.923 

PG 50 10 1.0 1.0 10  1654.2±2.09
8 

3327.6±1.910 
PH 50 30 1.0 1.0 10  1712.0±2.59

2 
3591.0±0.237 

PI 50 50 1.0 1.0 10  1880.1±1.09
1 

3612.3±0.116 
 

Table 16: Preliminary trials for ion sensitive thermoreversible gel insitu gel of 
desmopressin acetate 

Batches 

    Conc. of 
Gellan 
gum 
(mg) 

   Conc. 
of 

HPM
C 

E4M   
(mg) 

Desmopressi
n acetate 

(mg) 

BKC 
(mg) 

Purified 
water 
(ml) 

 
Viscosity 

(cps) 

Mucoadhesive 
strength 

(dynes/cm2) 

IA 30 5 1.0 1.0  10  93.2±1.321 2050.2±2.198 
IB 30 10 1.0 1.0 10  115.3±0.813 2143.9±1.213 
IC 30 15 1.0 1.0 10  129.3±1.183 2487.4±0.751 
ID 40 5 1.0 1.0 10  149.8±0.913 2701.1±1.973 
IE 40 10 1.0 1.0 10  189.5±1.182 2990.4±0.962 
IF 40 15 1.0 1.0 10  201.4±1.994 3176.2±2.023 
IG 50 5 1.0 1.0 10  217.9±2.098 3227.6±1.510 
IH 50 10 1.0 1.0 10  226.1±2.592 3391.0±0.297 
II 50 15 1.0 1.0 10  267.2±2.091 3467.3±1.416 
 

Optimization of temperature sensitive thermoreversible insitu gel of desmopressin 

acetate using 32 factorial Design 

Table 17: Factors and levels of independent variables in 32 factorial design for 
formulation of temperature sensitive thermoreversible insitu gel of desmopressin acetate 

Independent variables 
 

Level 
Low (-1) Medium (0) High (+1) 

Pluronic F127 concentration (X1) (mg) 1650 1850 2050 
Pluronic F68  concentration (X2) (mg) 200 400 600 
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Table 18: Experimental runs and measured responses of  32 factorial design for 
formulation of temperature sensitive thermoreversible insitu gel of desmopressin 
acetate 
Batch X1 X2 Viscosity (Y1) (cps) 

 
Mucoadhesive strength (Y2) 

(dynes/cm2) 
T1 -1 -1 342.2 1994.42 
T2 0 -1 397.8 2087.51 
T3 1 -1 427.7 2576.27 
T4 -1 0 498.1 2871.88 
T5 0 0 518.4 2990.72 
T6 1 0 587.5 3028.58 
T7 -1 1 601.2 3196.4 
T8 0 1 675.9 3661.83 
T9 1 1 759.1 3827.12 

Viscosity (Y1) cps 

A full model equation of viscosity (YFV) was written as Equation 13.  

YFV = 530.55+55.3X1+144.83X2 + 5.66X1
2 - 0.83X2

2 + 18.25X1X2 …… (Equation 13) 

The reduced model for viscosity (YRV) was presented as Equation 14.  

YRV = 534.211 + 55.466X1 + 144.75X2 …………. (Equation 14) 

 Mucoadhesive strength (Y2) 

A full model equation of mucoadhesive strength (YFMS) was written as Equation 15. 

YFMS = 2961.2+228.3X1+671.1X2+2.66 X1
2-72.83X2

2+12.25X1X2 …… (Equation 15) 

The reduced model for mucoadhesive strength (YRMS) was presented as Equation 16.  

YRMS = 2914.97 + 228.211X1 + 617.19X2 …………. (Equation 16) 

Optimization of temperature sensitive thermoreversible gel of desmopressin acetate 

Optimized formulation was selected by arbitrarily fixing the criteria of 342.2 – 759.1 cps 

of the viscosity and 1994.42 – 3827.12 dynes/cm2 mucoadhesive strength for 

desmopressin temperature sensitive thermoreversible in situ gel. Then recommended 

concentrations of the independent variables were calculated by the Design Expert 

software using overlay plot with desirability approach.  
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Figure 5: Overlay plot for optimization of temperature sensitive thermoreversible in situ 
gel of desmopressin acetate 
 
Table 19: Optimized formulation of temperature sensitive thermoreversible insitu gel 
of desmopressin acetate (Batch TO) 

Material used Quantity per Unit (mg) 

Desmopressin acetate 1 mg 

Pluronic F127 1988.67 mg 

Pluronic F168 305.33 mg 

Benzylkonium chloride 1 mg 

Purified water 10 ml 

Response Predicted Actual 

Viscosity (cps) 498.214 491.41±3.412 

Mucoadhesive strength (dynes/cm2) 2755.04 2759.14±5.613 
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Optimization of pH sensitive thermoreversible gel of desmopressin acetate using 32 

factorial Design 

Table 20: Factors and levels of independent variables in 32 factorial design for 

formulation of pH sensitive thermoreversible insitu gel of desmopressin acetate 

Independent variables 
 

Level 
Low (-1) Medium (0) High (+1) 

Carbopol 934P concentration (X1) (mg) 10 30 50 
Chitosan concentration (X2) (mg) 10 30 50 

 

Table 21: Experimental runs and measured responses of  32 factorial design for 
formulation of pH sensitive thermoreversible insitu gel of desmopressin acetate 
Batch X1 X2 Viscosity (Y1) (cps) 

 
Mucoadhesive strength (Y2) 

(dynes/cm2) 
P1 -1 -1 965.6 2109.03 
P2 0 -1 983.4 2279.63 
P3 1 -1 1175.4 2386.81 
P4 -1 0 1297.3 2475.54 
P5 0 0 1470.1 2671.43 
P6 1 0 1587.7 2899.97 
P7 -1 1 1689.9 3288.66 
P8 0 1 1755.3 3476.78 
P9 1 1 1894.2 3672.74 

 

Viscosity (Y1) cps 

A full model equation of viscosity (YFV) was written as Equation 17. 

YFV = 1430.11+117.5X1+369.16X2 + 31.83X1
2 - 41.16X2

2-1.25X1X2 …… (Equation 17) 

The reduced model for viscosity (YRV) was presented as Equation 18. 

YRV = 1424.322 + 117.41X1 + 369.166X2…………. (Equation 18) 

Mucoadhesive strength (Y2) 

A full model equation of mucoadhesive strength (YFMS) was written as Equation 19. 

YFMS = 2684.22+180.83X1+610.33X2-3.83X1
2+186.6X2

2+26.75X1X2… (Equation 19) 

The reduced model for mucoadhesive strength (YRMS) was presented as Equation 20. 

YRMS = 2809.28 + 181.04X1 + 610.45X2 - 3.821X2
2…………. (Equation 20) 

 



Bhoomita G. Hadiya (Enrollment No.129990990002)                                             Page 25                                                                         
 
 

Optimization of pH sensitive thermoreversible in situ gel of desmopressin acetate 

Optimized formulation was selected by arbitrarily fixing the criteria of 965.6 – 1894.2 

cps of the viscosity and 2109.03 – 3672.24 dynes/cm2 mucoadhesive strength for 

desmopressin thermoreversible in situ gel. Then recommended concentrations of the 

independent variables were calculated by the Design Expert software using overlay plot 

with desirability approach. 

 
Figure 6: Overlay plot for optimization of pH sensitive thermoreversible in situ gel of 

desmopressin acetate 

Table 22: Optimized formulation of pH sensitive thermoreversible insitu gel of 
desmopressin acetate (Batch PO) 

Material used Quantity per Unit (mg) 

Desmopressin acetate 1 mg 

Carbopol 934P 27.335 mg 

Chitosan 45.22 mg 

Benzylkonium chloride 1 mg 

Purified water 10 ml 

Response Predicted Actual 

Viscosity (cps) 1689.575 1656.12±10.523 

Mucoadhesive strength (dynes/cm2) 3230.517 3250.14±15.15 
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Optimization of ion sensitive thermoreversible gel of desmopressin acetate using 32 

factorial Design 

Table 23: Factors and levels of independent variables in 32 factorial design for 
formulation of ion sensitive thermoreversible insitu gel of desmopressin acetate 

Independent variables 
 

Level 
Low (-1) Medium (0) High (+1) 

Gellan gum concentration (X1) (mg) 30 40 50 
HPMC E4M concentration (X2) (mg) 10 15 20 

 

Table 24: Experimental runs and measured responses of  32 factorial design for 
formulation of ion sensitive thermoreversible insitu gel of desmopressin acetate 
Batch X1 X2 Viscosity (Y1) (cps) 

 
Mucoadhesive strength (Y2) 

(dynes/cm2) 
I1 -1 -1 97.3 2020.18 
I2 0 -1 107.7 2276.52 
I3 1 -1 128.6 2698.41 
I4 -1 0 156.2 2792.12 
I5 0 0 179.4 2893.87 
I6 1 0 198.3 3021.63 
I7 -1 1 215.7 3187.31 
I8 0 1 225.8 3257.98 
I9 1 1 248.1 3421.73 

 

Viscosity (Y1) cps 

A full model equation of viscosity (YFV) was written as Equation 21. 

YFV = 175.92+17.63X1+59.33X2+ 3.06X1
2- 7.43X2

2 + 0.275X1X2 …… (Equation 21) 

The reduced model for viscosity (YRV) was presented as Equation 22. 

YRV = 173.011 + 17.633X1 + 59.333X2 …………. (Equation 22) 

 

Mucoadhesive strength (Y2) 

A full model equation of mucoadhesive strength (YFMS) was written as Equation 23. 

YFMS =2870.85+190.36X1+478.65X2+47.46X1
2 - 92.18X2

2 -110.9X1X2… (Equation 23) 

The reduced model for mucoadhesive strength (YRMS) was presented as Equation 24.  

YRMS = 2841.083 + 190.36X1 + 478.65X2…………. (Equation 24) 
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Optimization of ion sensitive thermoreversible in situ gel of desmopressin acetate 

Optimized formulation was selected by arbitrarily fixing the criteria of 97.3 – 248.1 cps 

of the viscosity and 2020.18 – 3421.73 dynes/cm2 mucoadhesive strength for 

desmopressin thermoreversible in situ gel. Then recommended concentrations of the 

independent variables were calculated by the Design Expert software using overlay plot 

with desirability approach.  

 
Figure 7: Overlay plot for optimization of ion sensitive thermoreversible in situ gel of 

desmopressin acetate 

 

Table 25: Optimized formulation of ion sensitive thermoreversible insitu gel of 
desmopressin acetate (Batch IO) 

Material used Quantity per Unit (mg) 

Desmopressin acetate 1 mg 

Gellan gum 40.53 mg 

HPMC E4M 19.74 mg 

Benzylkonium chloride 1 mg 

Purified water 10 ml 

Response Predicted Actual 

Viscosity (cps) 238.543 252.12±15.14 

Mucoadhesive strength (dynes/cm2) 3395.024 3418.19±20.38 
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Results of evaluation parameters of temperature sensitive, pH sensitive or ion 

sensitive thermoreversible in situ gel of factorial design batches 

 

Results of evaluation parameter of temperature sensitive thermoreversible insitu gel 
of desmopressin acetate 
 
Table 26: Inflection point, gelation temp., pH, viscosity, % drug content, gel strength, 
mucoadhessive strength 

 
Batches Inflection 

point 
(°C) 

Gelation 
Temp. 

(°C) 

pH Viscosity 
(cps) 

Drug 
content 

(%) 

Gel 
strengt

h 
(sec) 

Mucoad
hessive 

strength 
(dynes/c

m2) 

25 
°C 

37 °C 

T1 33 35 4.55 169 342.2 98.43 21.54 1994.42 
T2 32.5 34 4.72 174 397.8 98.71 26.33 2087.51 
T3 34 36.5 5.03 190 427.7 98.13 27.65 2576.27 
T4 30 32.5 4.98 216 498.1 97.62 31.97 2871.88 
T5 31 33 4.77 264 518.4 99.4 35.71 2990.72 
T6 32.5 33.5 4.85 284 587.5 99.6 37.91 3028.58 
T7 29 31.5 5.01 371 601.2 98.73 42.76 3196.4 
T8 30 31 4.93 380 675.9 98.52 47.32 3661.83 
T9 30.5 32.5 4.52 401 759.1 98.28 51.43 3827.12 
TO 32.5 33 4.90 491 789.7 99.8 40.1 2759.14 
 

Results of evaluation parameter of pH sensitive thermoreversible insitu gel of 
desmopressin acetate 
 
Table 27: pH, gelling capacity, viscosity, drug content, gel strength, mucoadhessive 
strength 
 

Batches 
pH Gelling 

capacity 

Viscosity 
(cps) Drug 

content 
(%) 

Gel 
strength 

(sec) 

Mucoadhes
sive 

strength 
(dynes/cm2) 

Sol Gel Sol Gel 

P1 4.03 6.01 + 647.2 965.6 98.76 22.53 2109.03 
P2 4.53 6.32 + 690.7 983.4 99.34 25.21 2279.63 
P3 4.21 6.16 + 733.9 1175.4 98.17 31.76 2386.81 
P4 4.37 6.51 ++ 813.8 1297.3 98.78 34.57 2475.54 
P5 4.20 6.09 ++ 895.4 1470.1 99.53 38.25 2671.43 
P6 4.14 6.23 +++ 954.1 1587.7 97.95 41.87 2899.97 
P7 4.45 6.56 +++ 1041.5 1689.9 98.07 45.64 3288.66 
P8 4.09 6.53 +++ 1099.4 1755.3 99.81 48.33 3476.78 
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P9 4.50 6.60 +++ 1177.4 1894.2 98.58 51.44 3672.74 
PO 4.45 6.62 +++ 1027.8 1656.1 99.2 46.92 3250.14 
 

Results of evaluation parameter of ion sensitive thermoreversible insitu gel of 
desmopressin acetate 
 
Table 28: pH, gelling capacity, viscosity, %drug content, gel strength, mucoadhessive 
strength 
 

Formul
ation pH Gelling 

capacity 

Viscosity 
(cps) 

Drug 
content 

(%) 

Gel 
strength 

(sec) 

Mucoadhess
ive strength 
(dynes/cm2) Solution Gel 

I1 5.71 + 29.05 97.3 97.63 23.01 2020.18 
I2 5.79 ++ 33.18 107.7 98.84 27.93 2276.52 
I3 5.71 + 41.92 128.6 98.53 30.17 2698.41 
I4 5.69 ++ 52.65 156.2 98.62 33.67 2792.12 
I5 5.90 +++ 58.82 179.4 99.47 36.53 2893.87 
I6 5.95 +++ 65.51 198.3 99.16 39.98 3021.63 
I7 5.89 +++ 79.64 215.7 98.96 44.43 3187.31 
I8 6.02 +++ 94.75 225.8 98.56 46.14 3257.98 
I9 6.10 +++ 106.83 248.1 98.49 52..85 3421.73 
IO 5.93 +++ 87.21 252.1

2 
99.35 41.57 3418.19 

 

 

Results of evaluation parameters of temperature sensitive (Batch-TO), pH sensitive 

(Batch-PO) and ion sensitive (Batch-IO) thermoreversible in situ gel  

 
Ex-vivo drug diffusion study of thermoreversible insitu gel 

The results showed that the drug released from batch TO, PO and IO was respectively 

89.9%, 91.3% and 88.8% after 480 min. 
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Figure 8: Comparative ex vivo drug diffusion of plain drug, temp sensitive, pH sensitive 
and ion sensitive thermoreversible gel   
 
Nasal toxicity study of thermoreversible insitu gel 

The nasal mucosa treated with test preparation batch TO, PO and IO showed reversible 

contraction of epithelial layer after 1 hr washing and no damage to the other parts of 

mucosa were observed 

In-vivo study for antidiuretic activity 

Table 29: Effect of thermoreversible insitu gel on urine volume 

Formulation 
Urine 

volume(After 
24hr.) ml 

Na+ mmol/lit 
(after 24 hr.) 

K+ mmol/lit 
(after 24 hr.) 

Group I:Control 2.7 ± 0.28 137.3 ± 0.39 5.1 ± 0.43 
Group II:HCTZ 3.4 ± 0.19 156.5 ± 0.14 5.7 ± 0.65 

Group III:Temperature 
sensitive insitu gel 
batch TO + HCTZ 

1.2 ± 0.38 151.9 ± 0.76 5.3 ± 0.62 

Group IV:pH sensitive 
insitu gel batch PO  + 

HCTZ 
0.9 ± 0.42 139.0 ± 0.81 3.9 ± 0.38 

Group V:Ion sensitive 
insitu gel batch IO 

+ HCTZ 
1.5 ± 0.28 148.1 ± 0.11 4.8 ± 0.28 

 

Results demonstrated that after intranasal administration of desmopressin acetate 

thermoreversible insitu gel urine volume was significantly decreased as compared to 

control and HCTZ. 
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Stability study 

Optimum storage condition for thermoreversible insitu gel is refrigerated condition (2-8 

°C). 

 

8. ACHIEVEMENTS WITH RESPECT TO OBJECTIVES 
Dry nasal powder and thermoreversible in situ gel with mucoadhesive polymer increased 

the drug residence time in nasal cavity, so increased absorption of drug. By selection of 

intranasal route of delivery, the first pass metabolism of drug was avoided. Dry nasal 

powder was improved the stability of peptide hormone desmopressin acetate due to its 

dry form. By selecting intranasal route, drug was targeted directly to the brain through the 

olfactory region. 

9. CONCLUSION 
The present study was aimed to explore dry nasal powder and thermoreversible in situ gel 

formulation development using 32 factorial design for bioavailability improvement of 

desmopressin acetate. The concentration of mucoadhesive polymer (X1) and feed rate 

(X2) were selected as independent variables and particle size (Y1) and % yield (Y2) were 

selected as dependent variables in dry nasal powder formulation. The concentration of 

polymers (X1 and X2) were selected as independent variables and viscosity (Y1) and 

mucoadhesive strength (Y2) were selected as dependent variables in factorial design of 

thermoreversible in situ gel. Multiple regression analysis, contour plot and response 

surface plot were used to study the main and interaction effects of the variables on the 

responses. Simple linear equation, or interactive equation or quadratic model was fitted 

by carrying out multiple regression analysis and F-statistic to identify statistically 

significant term. The optimized batch was selected using Design Expert employing 

overlay plot with desirability approach. The optimized dry nasal powder formulation was 

subjected to particle size, mucoadhesive strength, % yield, % drug content, scanning 

electron microscopy, DSC study, nasal toxicity study, ex vivo drug release study, stability 

study and in vivo study. The optimized thermoreversible in situ gel formulation was 

subjected to nasal toxicity study, ex vivo drug release study, stability study and in vivo 

study. 
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10. PAPER PUBLICATION AND A LIST OF ALL PUBLICATIONS 
 
As per point 5.1  

 

11. PATENTS (IF ANY)  
As per point 5.2 
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