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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 is available as parenteral, intranasal and tablet forms. It has 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 were prepared by spray drying method using different mucoadhesive 

polymer like HPMC (Methocel E5), carbopol 934P and 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 employing overlay plot with desirability approach. 

The dry nasal powder 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 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 and on the basis of preliminary trials 

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

using polymers concentration as independent variables and viscosity and mucoadhesive 
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strength were taken as dependent variables. The optimized batch was selected using Design 

Expert software employing overlay plot with 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. 
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CHAPTER 1 

Aim and Objectives 

 

1.1 Aim 

 

Diabetes insipidus (DI) is water metabolism disorder in which volume of urine output is 

not in balance with the fluid intake. Diabetes insipidus are of two types: Central (known as 

cranial/neurogenic) and nephrogenic. Central diabetes insipidus (CDI) occurs due to low 

level of vasopressin (antidiuretic hormone) secretion [1]. The low level or lack of 

vasopressin is due to malfunction or destruction in part of brain, posterior pituitary gland 

and hypothalamus, which release hormone into blood circulation [2]. In literature on 

central diabetes insipidus, nocturnal enuresis and their available therapies, the challenges 

associated with the current therapies should be identified, and from the review, the research 

problem to be addressed [3-6]. 

 

Desmopressin is taken by oral or parental route in treatment of nocturnal enuresis or central 

diabetes insipidus. It has a low oral bioavailability. IV, IM, or SC administration is an 

alternative. The intranasal route is alternative for self administrations. The problem related 

with intranasal delivery of desmopressin is the lower retention time of solutions in nasal 

cavity shows poor bioavailability and less transfer of desmopressin to the brain via 

olfactory pathway. Therefore, desmopressin formulations which may increase residence 

time in nasal cavity and increase absorption of desmopressin would be more beneficial. 

The usage of mucoadhesive polymer can increase the residence time of drug and enhance 

bioavailability of desmopressin through nasal route [2]. 

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

acting on V₂-receptors. As compared to pituitary vasopressin hormone, desmopressin has 

longer and much more potent antidiuretic action, but also has minimal side effect [2]. 
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The aim of present investigation was to design and develop dry nasal powder and in situ 

gel formulation of desmopressin acetate to 

● Enhance drug residence time at its absorption site.  

● Improve the stability of peptide hormone due to its dry form. 

● Increase the bioavailability of drugs. 

 

1.2 Hypothesis 

It was hypothesized that the dry nasal powder and in situ gel formulation with 

mucoadhesive agent may 

➢ Improve the nasal (olfactory region) residence time and  

➢  Improve stability of desmopressin due to its dry form. 

➢ Improve patient compliance due to insitu gel.  

➢   Reduced dose and reduced toxicity due to targeted delivery (direct nose to brain 

delivery) 

➢  First pass metabolism is avoided due to nasal route. 

➢ Avoidance of enzymatic degradation of desmopressin in GIT. 

 

 

1.3 Objective 

The overall objective of research summarized as: 

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

desmopressin.  

➢ To enhance drug residence time at its absorption site. 

➢ To improve the stability of desmopressin acetate. 

➢ To improve patient compliance. 
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CHAPTER 2 

Introduction 

 
The nasal administered desmopressin acetate may target brain via olfactory route. Dry 

nasal powder is suitable for insufflations in nose. Spray drying transforms liquid into dry 

powder form. Usually, Spray dried powder is made of almost spherical and amorphous 

particles [1] of diameter less than 20 µm and  narrow particle size distributions [2]. Nasal 

delivery required powder which allows uniform dose reservoir filling for appropriate 

intranasal depositions. Gel is polymeric networks that increase residence time of drug at its 

absorption place. Gel showed low patient compliance due to semi solid consistency and 

difficulties in administration. Patient compliance may be improved by using in situ gel 

which is liquid during administration and turns into gel in nasal cavity.  

 

2.1 Nocturnal enuresis (bedwetting) 

Nocturnal enuresis is involuntary loss of urine at night at age when children would be 

expected to be dry [3, 4]. The Nocturnal enuresis has high rate of spontaneous remission it 

may brought social emotional stigma and stress. Child with bedwetting may feel parental 

disapproval, teasing by family member and treatment failure decrease self esteem of those 

children [5, 6]. 

 

2.1.1 Prevalence and causes of nocturnal enuresis 
 

Nocturnal enuresis affects more families [7,8]. Causes of bedwetting are genetic, 

physiological and psychological factor and delay in maturation of bladder, sleep disorder, 

constipation and upper airway obstructive symptom [9] and caffeinated drink having 

diuretic effect.              

Drug therapy like desmopressin (antidiuretic hormone) reduces wet night per week till it is 

used. Therefore drug would be used to reduce frequency of bedwetting for specific purpose 

like night away from home.  
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2.1.2 Management of enuresis 

There are many interventions used in treatment of bedwetting which include enuresis 

alarm, drug like desmopressin acetate, behavioural method like star chart and complex 

behavioural method is dry bed training, psychotherapy, surgery and fluid deprivation.  

 

2.2 Central diabetes insipidus 
 
Diabetes insipidus (DI) is water metabolism disorder in which volume of urine output is 

not in balance with the fluid intake. Diabetes insipidus are of two types: Central (known as 

cranial/neurogenic) and nephrogenic. CDI result from low level of vasopressin (antidiuretic 

hormone) secretion [10]. Etiologies of CDI include idiopathic causes (in about 50% of 

cases), familial, brain tumor (primary or secondary), head trauma, post neurosurgery in the 

area of pituitary or hypothalamus, infection such as encephalitis, vascular disorders like 

post partum necrosis, systemic disorders such as sarcoidosis, tumor  metastases, and 

aneurysm [11]. CDI occur a wide age range of people. Typical symptoms of CDI are 

presence of resistant excessive urination (polyuria; urine output greater than 3 ml/kg/day), 

which is followed by excessive thirst (polydipsia). The definitive diagnostic test is the 

water deprivation test, which may used to confirm diagnosis and distinguish between 

central and nephrogenic diabetes insipidus by response to a vasopressin analogue. 

Treatments for CDI are to maintain balance between urine output and fluid intake, 

replacement of vasopressin and find underlying brain disorder. For CDI, the treatment of 

choice is Desmopressin (a synthetic vasopressin analogue), DDAVP or Minirin® [12, 13]. 

It is available as parenteral, intranasal (drop or spray) and tablet forms (0.1, 0.2 mg). 

 

Antidiuretic hormones act as neuromodulator or neurotransmitter act through V3 receptor. 

Desmopressin acetate used in treatment of CDI, prophylactic against bleeding in 

haemophilia and persistent nocturnal enuresis in older children and adults. Desmopressin is 

less susceptible to peptidases enzyme and half life of desmopressin is 75 minutes. 
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2.3 Central nervous system (CNS) 

Central nervous system is consisting of brain and spinal cord. The olfactory pathway is 

only central nervous tissue which is direct contact with nasal cavity [14]. 

 

2.3.1  Anatomy and physiology of brain 

Regions of brain are shown in Figure 2.1. Major problem for delivery of drug to brain is 

presence of blood brain barrier, blood cerebrospinal fluid barrier and blood tumur barrier. 

For CNS disorder drug have to cross blood brain barrier for its effectiveness [15]. 

 

      Figure 2.1: Anatomical regions of brain 
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2.4 Intranasal delivery for brain targeting 

Intranasal drug delivery is alternative for brain targeting due to direct contact of nose to 

brain via olfactory pathway and peripheral circulation.   

 

2.4.1 Nasal anatomy and physiology  

Nasal anatomy and physiology shown in figure 2.2 

 

Figure 2.2: Nasal vascular supply 

 

Figure 2.3: Olfactory tract to brain 
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2.4.2 Mechanism of nose to brain drug transport  

Nasal drug delivery to central nervous system involves either intraneuronal or 

extraneuronal pathway [16, 17]. Drug may cross the olfactory path by paracellular 

transport involve transport of drug through interstitial space, transcellular or simple 

diffusion or endocytosis and transcytosis via vesicle carrier and neuronal transport [18, 19].  

 

2.4.3 Advantage of nasal drug delivery  

➢ Non invasive, rapid and comfortable 

➢ Bypasses the blood brain barrier and target central nervous system, reducing systemic 

exposure hence systemic side effect. 

➢ Rich vasculature and high permeability of nasal mucosa increase absorption. 

➢  Degradation of peptide drug is minimized. 

➢ Easy access of blood capillary. 

➢ Avoid destruction in GIT, first pass metabolism and improve bioavailability. 

 

2.4.4 Limitation of nasal drug delivery  

➢ Concentration of drugs in different regions of brain differs for each drug. 

➢ High molecular weight drug cannot be delivered successfully. 

➢ Therapeutic agent susceptible to partial degradation in nasal cavity not delivered 

successfully or cause irritation to mucosa. 

➢ Nasal congestion due to cold and allergy interfere in drug absorption. 

➢ Frequent usage of nasal route cause mucosal damage. 

 

2.4.5   Factors affecting nose to brain drug delivery 

➢ Physicochemical properties of drug [20] 

 Solubility of drug 

 Lipophilicity / (Hydrophilic-lipophilic balance) HLB 

 Relative molecular weight 

 Degree of ionization (pKa) 
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➢ Nasal Environment 
 

 Blood Flow 

 Mucociliary Clearance 

 Nasal enzymes 

 Pathological conditions 

 Efflux transporter systems 

➢ Formulation related factors 
 

 Viscocity 

 pH 

 

2.5 Nasal powder dosage form 

Nasal powder may be developed if solution or suspension dosage form cannot be 

developed due to lack of drug stability.   

 

❖ Advantage of dry nasal powder  

Various potential advantages of dry powder may be summarized as 

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

compliance may be more.  

 Dose uniformity of mucoadhesive powder is more.  

 Potential risk of adverse effect to the nasal mucosa due to preservative is 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. 
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Method of preparation of dry nasal powder 

            Dry nasal powder was prepared by spray drying method with using different polymer like 

HPMC (Methocel E5), carbopol 934P or chitosan [21-24]. 

 

➢ Preparation of dry nasal powder containing 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 solution was carried out using a model LU-227 

advanced lab spray dryer. 

➢ Preparation of dry nasal powder containing 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 give solid concentration 3%. 

Spray drying of the solution was carried out using a model LU-227 advanced lab spray 

dryer. 

➢ Preparation of dry nasal powder containing 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. 
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2.6 Marketed formulation of desmopressin acetate  

Table 2.1: List of formulation of desmopressin (Ddavp) 

Dosage form Strength Route Manufacturer 

Spray 
0.1 mg/1mL, 0.1 

ug/1mL 
Nasal 

Ferring Pharmaceuticals 

Inc. Tablet 0.1 mg/1, 0.2 mg/1 Oral 

Injection 4 ug/1mL Intravenous 

Tablet 0.1 mg/1, 0.2 mg/1 Oral 

Sanofi Aventis Solution 4 ug/1mL Intravenous 

Solution 0.1 mg/1mL Nasal 

Solution 4 ug / 1mL IV 
Physicians Total Care, 

Inc. 

 

 

2.7 Mucoadhesive agents 

The advantages of mucoadhesive formulation are prolonged retention time of drug at 

absorption place, higher contact with mucosa thus diffusion path of drug to the epithelium 

is less [25]. Mucoadhesive polymers increase permeability by opening up the tight 

junctions of epithelial cells [26-28]. Bioadhesive polymer forms bond with glycoprotein 

present in mucus. The mucus turnover is rapid in nose therefore adhesion to the mucosa 

may not affect bioavailability of drugs. Second generation mucoadhesive polymer like 

lectin cyto-adhesives used mostly now a day’s [29].  Mucoadhesive strength of formulation 

was determined using following formula. 

 

Force of adhesion (N) = m.g 

                                                                                         1000 

 

m = Weight required to detach formulation from the mucosa in grams  

g= Acceleration due to gravity taken as 9.81m/s. 
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Mucoadhesive strength (N/m) 2 =                     Force of adhesion (N)  

                                             Surface area of mucosa exposed to polymer solution (m) 2 

 

 

2.8 Spray drying  

Spray drying transforms liquid into dry particulate form. Usually, spray dried powder is 

almost spherical and amorphous particles [1] having average diameter between 2 to 20 µm 

and narrow particle size distribution [2]. In spray drying fluid mixture sprayed into hot dry 

air. It increases surface area of sprayed fluid and solvent is vaporized immediately by hot 

air, this vaporization process rapidly removes heat so that powder is dried gently without 

thermal shock. Product is turned into powder, granulate or agglomerate within short period 

of time.  

 

 

Figure 2.4:  Lab spray dryer 1.liquid feed 2.heater 3.automizer 4.drying 

chamber 5.cyclone separator 6.cyclone 7.exhaust gas 8.dry particle 

collector 
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2.9 Gelling system 

Nasal gel is highly viscous, thickened solution or suspension. Advantages of nasal gel are 

reduction of post nasal drip, taste impact, anterior leakage of formulation and mucosal 

irritation by employing soothing or emollient excipient.  

 
2.9.1 Insitu gel 

Insitu gel formulations intended to be administered as solution, sol, or suspensions which 

undergo gelation after administration due to physicochemical environment [30]. Gel 

formation may depend on temperature, pH and ion. Formulation in liquid state is easy to be 

administered and on gelation after administration, increases the residence time and drug 

released in sustained and controlled delivery manner thus incorporate benefits of both state. 

Mucoadhesion indicate attachment of polymer to mucosal tissue resulting in formation of 

bond with epithelial cell and/or the mucus layer. Mucoadhesive in-situ gel formulation is 

reported to enhance penetration of drug through nasal route by increasing residence time 

[31, 32].  

 

2.9.2 Method of preparation of insitu gel [33] 

 Cold method 

 Solution  or Suspension polymerization or cross linking  

 Polymerization by irradiation  

 Chemically or physically crosslinked hydrogel  

 

 

2.10 Evaluation parameters of Nasal formulations 

 

2.10.1 Nasal Powder 

Nasal powder are evaluated for various parameters like Particle size, nasal toxicity study, 

mucoadhesion test, % yield, % drug content, scanning electron microscopy (SEM), 

differential scanning calorimetry, ex vivo drug release study, stability study and in vivo 

study. 
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1) Particle size  

Light scattering determination was performed with a Malvern Master Sizer from Malvern 

Instruments. The dry powder dispersion was filled in the cell and the size was measured. 

The average particles size was measured after performing experiment in triplicate. 

 

2) % Yield 

Formula for calculation of  % yield was given below 

                                                           Practical yield 

                               % Yield = ---------------------------------------- x 100 

                                                           Theoretical yield 

 

3)  Mucoadhesion test  

This test was carried out by using modified physical balance. In this test sheep nasal 

mucosa was excised and kept in PBS pH 7.0. Nasal mucosa was cut into required size and 

paste on both balance plate then apply the formulation and kept it for 10 min. Then add 

weight on the other side of balance to detach the plate [34, 35].  

 

4) Drug content 

% drug content was determined by dissolving weighed quantity of dry powder in distilled 

water, then estimation was carried out using HPLC method peak due to desmopressin 

acetate was identified and area was calculated.  

 

5)  Scanning electron microscopy (SEM) 

The morphology and size of the dry powder was examined by sccaning electron 

microscope. Dry powder was placed on the sample holder and examined under JEOL JSM-

5610LV scanning electron microscope.  

 

6) Differential scanning calorimetry (DSC)  

The dry powder containing the drug, pure drug and polymer were characterized by DSC 

(Shimadzu, Japan) in the range of 25–300oC at heating rate of 10oC per minute with sample 

weights of 2-3 mg. Transition temperature of polymer and presence of any interaction 

between the drug and excipient was characterized. 
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7) Ex vivo drug diffusion study 

The ex vivo diffusion was performed with freshly excised sheep nasal mucosa procured 

from slaughter house using franz diffusion cells [36, 37]. The excised nasal membrane was 

mounted on franz diffusion cells with phosphate buffer pH 7.0, (0.067 M) filled in receptor 

compartments. The receptor solution was stirred at 50 rpm using teflon coated bar magnet 

on magnetic stirrer. The temperature of the bulk was maintained at 37 ± 0.5 o C [37].  

 

8)  Nasal toxicity study 

Nasal toxicity study was carried out on sheep nasal mucosa using franz diffusion cell.  

Mucosa was treated with different formulation and prepared pathological slides were 

studied under Olympus microscope for any sign of toxicity and the images were stored in 

the form of photographs [38, 39]. 

 

9) In-vivo study for antidiuretic activity 

In vivo study was carried out on adult wistar albino male rats. The Antidiuretic activity of 

desmopressin acetate was observed after nasal administration of dry powder. Diuresis was 

induced by hydrochlorothiazide at a dose of 10 mg/kg given orally [40-45]. 

 

10)  Stability study of the dry nasal powder 

The stability study was carried out under different storage conditions as per ICH guidelines 

namely, 30°C ± 2°C/65% RH ± 5% RH and 40°C ± 2°C/75% RH ± 5% RH. 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 [46].  
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2.10.2 Nasal gel [47-51] 

Nasal gels are evaluated for inflection point, gelation temperature, pH, viscosity, % drug 

content, gel strength, mucoadhessive strength, nasal toxicity study, ex vivo drug diffusion 

study, stability study and in vivo study. 

 

1)  Inflection point 

When temperature of formulation was raised from 4°C, a point reached where drastic 

change in viscosity that point considered as Inflection point. 2 ml of formulation was taken 

in test tube and kept in the water bath. The temperature at which drastic change in the 

viscosity, measured using a calibrated thermometer, that point was considered as Inflection 

point. 

 

2)  Gelation point 

It’s the temperature at which liquid phase makes transition into gel. Gelation point was 

considered as temperature where formulation would not flow when test tubes were tilted to 

90° angle. 10 ml of formulation was taken in test tube and kept in water bath and gradually 

increased temperature. The gelling temperature was measured using thermometer and 

considered as gelation point. 

 

3)  pH of the gel 

pH of batches was measured using pH meter.  

 

4)  Content uniformity 

% drug content was determined by dissolving formulation in distilled water and after 

suitable dilution estimation was carried out using HPLC method and peak due to 

desmopressin acetate was identified and area was calculated.  

 

5)  Viscosity Study 

Viscosity of the prepared gel was studied using brookfield viscometer. 
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6)  Measurement of gel strength 

Gel was taken in test tube and gelled in waterbath at 37°C. Then apply weight onto the gel, 

time taken by apparatus to sink to a depth of 5 cm through gel was measured.  

                                

7)  Determination of mucoadhesive force 

This test measured using modified physical balance. In this test sheep nasal mucosa was 

excised and kept in PBS pH 7.0. Nasal mucosa was cut into required size and paste on both 

balance plate then apply the formulation and kept it for 10 min. Then add weight on the 

other side of balance to detach the plate [52, 53].  

 

8)  Ex vivo drug diffusion study 

The ex vivo diffusion was performed with sheep nasal mucosa procured from slaughter 

house using franz diffusion cells [36, 37]. The excised nasal membrane was mounted on 

franz diffusion cells with phosphate buffer pH 7.0, (0.067 M) filled in receptor 

compartments. The receptor solution was stirred at 50 rpm using Teflon coated bar magnet 

by the aid of a magnetic stirrer. The temperature of the bulk of the solution was maintained 

at 37 ± 0.5 o C [37]. 

 

9) Nasal toxicity study 

Nasal toxicity study was carried out on sheep nasal mucosa using franz diffusion cell. 

Mucosa was treated with different formulation and prepared pathological slides were 

studied under Olympus microscope for any sign of toxicity and the images were stored in 

the form of photographs [38, 39]. 

 

10)  In-vivo study for antidiuretic activity 

In-vivo study was performed on adult Wistar albino male rats. The Antidiuretic activity of 

desmopressin acetate was observed after nasal administration of thermoreversible gel. 

Diuresis was induced by hydrochlorothiazide at a dose of 10 mg/kg given orally [40-45]. 
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11)  Stability study  

The stability study was carried out under different storage conditions as per ICH guidelines 

namely, room temperature (30°C ± 2°C/65% RH ± 5% RH) and in refrigerator temperature 

(2- 8˚C). At the interval of 15 days, samples were withdrawn from the vials from both the 

conditions and subjected for the analysis of % drug retained [46].  

 

2.11 Challenges associated with anti-diuretic drugs 

▪ Low oral bioavailability 

The anti-diuretic drugs including desmopressin acetate have low oral bioavailability 

because of the following mentioned reasons  

 

➢ Due to first pass metabolism of drug 

➢ High protein binding 

➢ Powerful metabolizing enzyme 

➢ Low permeability across the BBB 

 

▪ Variable bioavailability 

The bioavailability is often reported to be variable (0.08–0.16% by mouth) depending on 

their site of absorption. 

 

2.12 The need for the present investigation 

 
The disadvantage of desmopressin spray is lower residence time of solution in nose 

resulting in less bioavailability and less transfer of drug to brain through olfactory region. 

Thus, developing effective drug delivery system for the existing drugs that can effectively 

increase residence time in nasal cavity and increase absorption of the drug is required. 

Therefore, developing novel approaches that are targeted at enhancing the brain delivery of 

anti-diuretic hormone are need of the today. Nasal powder does not contain any 

preservative and have superior stability. Gel increase residence time of drug at its 

absorption place. Gel showed low patient compliance due to semi solid consistency and 
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difficulties in administration. Patient compliance improved by using in situ gel which is 

liquid during administration and turns into gel in nasal cavity. Intranasal delivery of anti-

diuretic hormone has been proposed as a potential strategy to overcome the poor 

penetration of the drug into brain and target drug in central nervous system. 
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CHAPTER 3 

Literature review 

 

3.1 Nasal powder formulation 

 

Sacchetti C. et al., (2002) described spray drying method for preparation of powder 

formulation containing caffeine for nasal administration. Formulated Powder was 

evaluated for particle size, morphology and delivery properties from insufflators [1]. 

Alessia A. et al., (1996) prepared nasal powder of β-cyclodextrin using binder and 

formulation was delivered from insufflators and dose was loaded in gelatin capsule. 

Particle size was key parameter which affects nasal powder delivery on amount of dose 

sprayed and aspect of cloud form. Particle size of 50 to 150 µm substantial change 

delivery behavior of powder was observed [2]. 

Paola R. et al., (2004) described nasal powder that improves chemical and 

microbiological stability of drug over solution dosage form. Effectiveness of nasal powder 

depended on appropriate deposition into nasal cavity. Nasal powder have similar 

technological paradox as inhalation powder, particles must be small for aerosol delivery 

and drug dissolution but large enough for easy handling in manufacturing [3]. 

 

Alessandro D. et al., (2005) prepared powder formulations containing adenosine 

derivative N6-cyclopentyladenosine for nasal delivery. Spray drying method was used for 

preparation powder using either of mannitol and lecithin or chitosan as carrier. Powder was 

administered in vivo to rats using nasal insufflators [4]. 

 

P. Russo et al., (2005) developed powder formulation of desmopressin for nasal 

delivery in alternative to liquid nasal spray. Spray drying method was used for preparation 

of nasal powder in which solutions containing 0.008% of desmopressin acetate, mannitol 
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and lecithin as excipients for nasal delivery. Spray drying was carried out using 2% solid 

concentration. Preservative was absent in formulation. Average particle size and drug 

content were measured. Stability of powder was assessed at different storage conditions 

[5].  

 

Solomon S. Steiner et al., (2010) prepared powder formulation of antihistamine drug 

for nasal delivery. By selecting narrow particle size range of 10 to 20 um to increase 

residence time in nasal cavity, reducing or eliminating systemic side effects. Dry powder of 

azelastine having average particle size of 10 to 20 um was restricted primarily to target 

organ nasal mucosa. Active ingredient stayed in nasal cavity so lower dose can be used to 

achieve desired effect [6].  

 

Yoshiki Suzuki et al., (1986)  prepared powder formulation of active polypeptide or 

its derivative like calcitonin and insulin for nasal delivery by using water absorbing and 

water insoluble base. Pharmaceutical composition allowed polypeptide or its derivative to 

be effectively absorbed through nasal mucosal membrane when administered nasally [7]. 

 

3.2 Nasal gel formulation 

 

Ashok K. Rajpoot et al., (2015) developed temperature sensitive insitu gel using 

pluronic F127 as thermosensitive polymer and carbopol 934P as mucoadhesive polymer 

for nasal administration of diclofenac sodium. Diclofenac sodium insitu gel was prepared 

by cold method using different ratio of pluronic F127 and carbopol 934P [8].  

Ahiwale Raj et al., (2014) prepared insitu gel of bupropion hydrochloride for nasal 

delivery. Poloxamer 407 as thermosensetive polymer, Carbopol 940 as mocoadhesive and 

Methyl paraben as antimicrobial agent were used in formation of gel. The preliminary 

study was carried out and on the basis of results of preliminary trials 32 factorial design 

was used for optimization [9]. 
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Patel Meenakshi et al., (2010) formulated thermoreversible insitu nasal gel of 

flunarizine hydrochloride for increasing drug residence time at absorption site. Poloxamer 

407 was used as phase transition behavior [10].  

 

Mable Sheeba John et al., (2013) developed mucoadhesive insitu gel of carvedilol 

for bioavailability improvement and to bypass hepatic first pass metabolism and increased 

patient compliance. Insitu gel was formulated using cold method in this method Carvedilol 

was incorporated into the blends of pluronic F 188 and carbopol 940. It also increased 

bioadhesive strength of formulation [11].  

 

Pagar Swati Appasaheb et al., (2014) formulated insitu gel of metoprolol succinate 

for nasal administration. Guar gum was used as natural mucoadhesive polymer in 

formulation of insitu gel. Carbopol 940 was used to gives pH induced sol to gel 

transformation of insitu gel [12].  

 

Riten A Shah et al., (2011) developed in situ gel of sodium cromoglycate for nasal 

administration using carbopol 940 as pH sensitive sol to gel conversion. Formulations were 

prepared by varying concentrations of carbopol 940 and different grades of HPMC [13].  

 

3.3 Drug - Desmopressin 

 

S.L. Law et al., (2001)   formulated liposomes of desmopressin to determine loading 

and leakage of liposomes. Enhancement of antidiuretic activity of liposomes was due to 

positive charge liposomes increase mucoadhesive effect on negatively charged mucosa 

[14]. 

 

Daniel Primavessy et al., (2017) prepared nanoparticle of desmopressin using 

PLGA. Nanoparticle was charecterized for particle size, zeta potentials, loading capacity 

and entrapment efficiency [15]. 
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Michel Cormie et al., (2004) described method for administering desmopressin by 

using transdermal route with the help of micro needle to overcome skin barrier. Tip of 

micro needle was covered with desmopressin and applied on guinea pigs skin for 5 or 15 

min [16]. 

 

Gayatri Sathyan et al., (2004) described method for transdermally delivery of 

desmopressin using micro projection member which includes a plurality of micro 

projection which are adapted to pierce through the stratum corneum into the epidermis of 

skin [17]. 

 

Flockhart et al., (1994)   prepared buccal patch of desmopressin for transmucosal 

absorption into the bloodstream [18]. 

 

 

3.4 Methods and Evaluation of Nasal formulation 

 

S. M. Taghizadeh et al., (2013) developed reversed phase high performance liquid 

chromatographic method for estimation of desmopressin in chitosan nano particles. 

Acetonitrile : water (25:75, v/v) was used as mobile phase, column used was chromolith, 

detection wavelength was 220 nm [19]. 

 

Ren et al., (2011) established HPLC method for estimation of desmopressin acetate in 

tablets and injection dosage form. HPLC method was employed using Kromasil 

C18 column, acetonitrile: water (20:80) as mobile phase, flow rate was 1.0 ml/min, 

detection wavelength was 220 nm, injection volume was 20 μl for tablets and 100 μl for 

injection [20]. 

  

Khan S. et al., (2010) prepared temperature sensitive mucoadhesive situ gel of 

dopamine D2 agonist ropinirole using chitosan and HPMC to enhance intra nasal delivery 

of drug to the brain [21]. 

 

https://www.sciencedirect.com/science/article/pii/S0168365904001713#!
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Michael I. et al., (2005) described literature review on nasal drug delivery as 

promising route for delivery of drugs. Mucoadhesive polymer increase drug residence at 

place of absorption thus increasing bioavailability of drugs [22]. 

 

 

3.5 Patent on Nasal formulation 

 

Sr.No. Approaches Patent Number Claim 

1 

Dry powder 

formulations of 

antihistamine for 

nasal 

administration [6] 

US2010/ 7833549 

B2 

A composition for the nasal 

administration of an antihistamine in a 

dry powder form suitable for 

administration of said antihistamine to 

the nasal region, the dry powder form 

comprises microparticles comprising a 

diketopiperazine coated with an 

antihistamine.  

2 

Apparatus and 

methods for 

transdermal 

delivery of 

desmopressin [21] 

US2006/093658 

A1 

A delivery system for transdermally 

delivering desmopressin to a patient 

consisting microprojection member to 

pierce the stratum corneum of the 

patient to deliver desmopressin. 

3 

Powdery 

pharmaceutical 

Compost on for 

nasal 

Administration 

[23] 

US1986/4613500 

Intranasally delivery of physiologically 

active polypeptide or its derivative 

using water absorbing and water 

insoluble base. 

4 

Spray dried 

powders for 

Pulmonary or nasal 

Administration 

[24] 

US2002/0081266 

A1 

A formulation for pulmonary and nasal 

delivery comprising a mixture of 

particles of two or more drugs or 

excipients produced by Spray drying 

and Suitable for administration without 

further processing of the particles. 

5 

Composition 

comprising 

Desmopressin [25] 

US2010/0273709 

A1 

Solid dosage form containing 

desmopressin, or its salt with a 

excipient, diluent or carrier, or mixture 

which contain silica. 

6 
Pharmaceutical 

formulations of 

US2016/ 9504647 

B2 

A Solid orodispersible pharmaceutical 

dosage form of desmopressin acetate. 
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desmopressin [26] 

7 

Methods and 

devices for 

desmopressn drug 

delvery [27] 

US2013/ 8399410 

B2 

Administering desmopressin across the 

skin of patient at flux rate sufficient to 

establish desmopressin concentration 

in the blood.  

 

8 

A novel in-situ gel 

forming solution 

for ocular drug 

delivery [28] 

WO2011/018800 

A2 

Insitu gel for ocular delivery of natural 

polysaccharide.  

9 

Desmopressin for 

nocturia, 

incontinence and 

enuresis [29] 

US1999/5985835 

Method for treating nocturia, 

incontinence and enuresis, comprising 

oral, nasal or intravenous 

administration of desmopressin.  
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CHAPTER 4 

Materials & Methods 

 

4.1 Materials used in present work 

Table 4.1: List of Materials 

Sr. no. Materials and reagents Manufacture 

1 Desmopressin acetate Sun Pharmaceutical Industries Ltd., Halol. 

2 HPMC (Methocel E5) Colorcon Asia Pvt. Ltd., Goa 

3 Citric acid monohydrate Sulab laboratories, Baroda. 

4 Sodium metabisulphite Loba chemie  Pvt. Ltd., Mumbai. 

5 Sodium chloride Loba chemie  Pvt. Ltd., Mumbai. 

6 Disodium phosphate dehydrate Sulab Laboratories, Baroda. 

7 Mannitol S.D. Fine Chemicals, Mumbai. 

8 Acetonitrile (HPLC grade) S.D. Fine Chemicals, Mumbai. 

9 Isopropyl alcohol Thermo Electron Pvt. Ltd., Mumbai. 

10 Potassium dihydrogen phosphate S.D. Fine Chemicals, Mumbai. 

11 Disodium hydrogen phosphate S.D. Fine Chemicals, Mumbai. 

12 Pluronic F127 Sigma Aldrich, Mumbai. 

13 Pluronic F68 Sigma Aldrich, Mumbai. 

14 Carbopol 934P Loba chemie  Pvt. Ltd., Mumbai. 

15 Chitosan Chemdyes Corporation, Rajkot 

16 Benzylkonium Chloride Loba Chemie  Pvt. Ltd., Mumbai. 

17 Gellan gum Chemdyes Corporation, Rajkot 

18 HPMC E4M Colorcon Asia Pvt. Ltd., Goa 

19 Glacial acetic acid S.D. Fine Chemicals, Mumbai. 
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4.2 Instruments and Apparatus used in present work 

 

Table 4.2: List of Instruments 

Sr. no. Instruments/Apparatus Manufacturer 

1 Magnetic stirrer Remi Equipment Pvt. Ltd., India 

2 Vortex mixer Spinix, India 

3 pH meter Lab india Pvt. Ltd.,India. 

4 Spray Dryer Labultima (LU-227 Advanced) 

5 Weighing balance Shimadzu, Japan 

6 Malvern Master sizer Malvern Inst.,U.K. 

7 Brookfield viscometer  Brookfield, USA 

8 Micropipettes  HiMedia, Mumbai, India 

9 Laboratory Centrifuge REMI Motors, Mumbai, India 

10 Stability chamber  Thermolab, Mumbai, India 

11 Rotary Shaker  Remi equipment Pvt. Ltd., Mumbai, India 

12 Water bath  NOVA Inst. Pvt. Ltd., Ahmedabad 

13 Hot Plate  Sunbim, Mumbai, India 

14 Franz diffusion cell  D. K. Scientific Laboratories, Ahemedabad 

15 HPLC SHIMADZU LC-20AT Liquid Chromatograph 

16 SEM JEOL JSM-5610LV Scanning electron microscope 

17 DSC DSC-60, Shimadzu, Japan 

18 Olympus Microscope Olympus India Pvt Ltd., Delhi 

 

 

4.3 Drug profile-Desmopressin acetate 

Desmopressin is a synthetic cyclic nonapeptide and is an analogue of posterior pituitary 

hormone Vasopressin. Desmopressin is categorized as Antidiuretic hormone and factor 

VIII-increasing peptide. The detailed drug profile is given in Table 4.3 [1-3]. 



 

35 
 

 

 

Figure 4.1: Structure of Desmopressin 

 

Table 4.3: Drug Profile – Desmopressin [1] 

Drug Desmopressin  

Chemical Formula C46H64N14O12S2
.2(C2H4O2) 

IUPAC Name    (2S)-N-[(2R)-1-[(2-amino-2-oxoethyl)amino]-5-    

diaminomethylideneamino)-     1-oxopentan-2-yl]-1  

[(4R,7S,10S,13S,16S)-7-(2-amino-2-oxoethyl)-10-(3-amino-3-

opropyl)-16-[(4hydroxyphenyl)methyl]-6,9,12,15,18-pentaoxo-

13-(phenylmethyl)1,2-dithia-8,11,14,17-pentazacycloicosane-4-

carbonyl] pyrrolidine-2-carboxamide. 

Chemistry 

 

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

modified form of the normal human hormone arginine 

vasopressin, a peptide containing nine amino acids.  

Drug Category Antidiuretic agent, Hemostatics and Renal Agent 

Indication For treatment of primary nocturnal enuresis, central diabetes 

insipidus, polyuria and polydipsia  

Pharmacodynamics Desmopressin acts on V2 receptors in renal collecting duct and 

increase water reabsorption and decrease urine output.  

Mechanism of 

Action 

Desmopressin binds to V2 receptors and activate adenylyl 

cyclase. Intracellular cascades in collecting duct cause increased 

rate of insertion of water channels called aqua porins, into 

http://en.wikipedia.org/wiki/Vasopressin
http://en.wikipedia.org/wiki/Vasopressin
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luminal membrane and increased permeability of membrane to 

water.  

Adverse effects  Headache, nausea, nasal congestion, rhinitis and flushing, mild 

abdominal cramps, nose bleed, sore throat, cough and upper 

respiratory infection. 

Average mol. 

Weight 

1189.32  g/mol 

Melting point 170-172°C 

Water solubility 0.141 mg/ml 

Physical State Solid 

Colour White fluffy powder 

Solubility Soluble in water, alcohol, glacial acetic acid 

Protein binding  50% 

Absorption 65% after oral administration 

Half life  1.5-2.5 hours 

Dose 10 µg to 40 µg    

Storage Store in airtight container, protected from light  

Marketed Products DDAVP®, DesmoMelt®, Minirin®, Octim®, Stimate® 
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4.4 Excipient’s profile 

 

4.4.1 Carbopol 
 

 

 
 

Figure 4.2: Acrylic acid monomer unit in carbomer polymers 

 
The detailed profile about carbopol 934P is given in Table 4.4. 

 

 

Table 4.4: Description about Carbopol 934P 
 

Product Name  

 

Carbomer 

Trade name Carbopol 934 

Description Polymer of acrylic acid cross linked with allyl ethers of 

sucrose. 

Appearance White coloured, fluffy, hygroscopic powder 

Synonyms Acritamer, Carbopol, Pemulen, Ultrez. 

Melting point 260°C 

Density 1.76–2.08 g/cm3 

Viscocity 30,500-39,400cp (0.5% aqueous dispersion at neutral pH) 

Solubility in water, ethanol, glycerin 

Functional Category Mucoadhesive agent, emulsifying agent, release modifyer, 

suspending agent. 
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Stability and Storage 

condition 

 

Stored in airtight, corrosion resistant container, in a cool, 

dry place.  

Incompatibility 

 

Incompatible with phenol, cationic polymer, strong acid  

 Safety No evidence of hypersensitivity reactions in human when 

used topically. 

Pharmaceutical 

Applications 

Suspending, viscosity enhancing agent or emulsifying 

agents.  

Regulatory Acceptance FDA Inactive Ingredients Guide  

 

 

 

 

4.4.2 Chitosan 

 
 

 

 

Figure 4.3: Structure of chitosan 
 

The detailed profile about chitosan is given in Table 4.5. 
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Table 4.5: Description about Chitosan 
 

Product Name  

 

Chitosan Hydrochloride 

Trade name Chitosan 

Description White or creamy white powder or flakes. 

Appearance White or gray translucent flake or powder solid 

Melting point 203°C 

Density 1.35–1.40 g/cm3 

Viscocity 1050 cps 1% in 1% acetic acid at 20°C. 

Solubility Soluble in dilute and concentrated solution of organic acid, 

in mineral inorganic acids.  

Functional Category Coating agent, disintegrant, film forming agent, 

mucoadhesive. 

Stability and Storage 

condition 

 

Stored in a tightly closed container in cool and dry place. 

Incompatibility 

 

With strong oxidizing agent. 

Safety Nontoxic, nonirritant, biocompatible  

Pharmaceutical 

Applications 

Used in cosmetics and pharmaceutical formulations.  

Regulatory Acceptance Registered aS food supplement.  

 

 

4.4.3 HPMC 
 

 

 
 

Figure 4.4: Structure of HPMC 
 

The detailed profile about HPMC is given in Table 4.6. 
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Table 4.6: Description about HPMC 
 

Product Name  

 

Hydroxypropyl methyl cellulose 

Trade name Hypromellose 

Description White or creamy white fibrous or granular powder, 

odorless, tasteless 

Synonyms Benecel, hydroxypropyl methylcellulose, Methocel  

Melting point 190-200°C 

Density 1.326 g/cm3 

Viscocity 3-100000 Cps 

Solubility Soluble in cold water  

Functional Category Solubilizing agent, suspending agent, tablet binder, 

thickening agent,  

Stability and Storage 

condition 

 

Stored in a well closed container, in cool and dry place. 

Incompatibility 

 

With some oxidizing agents. 

Safety Used in oral, opthalmic, nasal, and topical pharmaceutical 

preparation. 

Pharmaceutical 

Applications 

Used in liquid oral dosage forms as a suspending and 

thickening agent.  

 Regulatory Acceptance GRAS listed.  

 

 

 

4.4.4 Poloxamer 

 

Poloxamer is nonionic tri block copolymer having the general structure as shown in Figure 

4.5. Poloxamers exist in different grade depending on lengths of the polymer blocks that 

have slightly different properties. Generic poloxamers are available with trade name 

pluronic used in insitu gel formation [10]. 

. 
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Figure 4.5: Structure of Poloxamer 

 

 

4.4.4.1 Poloxamer 188 
 

The detailed profile about poloxamer 188 is given in Table 4.7. 

 

 

Table 4.7: Description about Poloxamer 188 
 

Product Name  

 

Poloxamer 188 

Trade name Pluronic F68 

Chemical Formula  HO(C2H4O)a(C3H6O)b(C2H4O)aH {a=80 , b=27} 

Appearance White waxy powder. 

Synonyms Pluronic F68  

Molecular weight   7680 to 9510 g/mole 

Melting point 52-57ºC 

HLB value  

 

29 

Flowability  Free flowing powder 

Solubility Soluble in water and ethanol  

Functional Category Emulsifying agent, Solubility enhancer, lubricant, wetting 

agent 

Stability and Storage 

condition 

 

Stable polymer, stored in airtight containers in a cool and 

dry place. 

Incompatibility 

 

Incompatibility with phenol.  

Pharmaceutical 

Applications 

Emulsifying agent, solubilizing, stabilizing agent, wetting 

agent.  

Regulatory Acceptance Generally recognized as safe.  
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4.4.4.2 Poloxamer 407 
 

The detailed profile [40] about poloxamer 407 is given in Table 4.8. 

 

 

Table 4.8: Description about Poloxamer 407 

Product Name  

 

Poloxamer 407 

Trade name Pluronic F 127 / Synperonic PE/F 127 

Chemical Formula  HO(C2H4O)a(C3H6O)b(C2H4O)aH { a = 101 and b = 56.} 

Appearance White Solid (Granular solid, Coarse particle) 

Synonyms Pluronic F127, Polyoxyethylene-Polyoxypropylene Block 

Copolymer, Block, Methyl-oxirane polymer with oxirane 

Molecular weight  9840 - 14600 g/mole 

Melting point 56°C 

HLB value  

 

22 (at 22 °C) 

Flowability  Good 

Solubility Soluble in alcohol, water, IPA and cold water.  

Functional Category Surfactant, emulsifying and co-emulsifying agent, cleaning, 

thermoreversible in-situ gel forming system. 

Stability and Storage 

 

Stable and stored in air tight containers in a cool well-

ventilated area and away from heat. 

Incompatibility 

 

Incompatibility with hydroxybenzoates and phenols. 

Safety It is non toxic, non irritant polymer.  

Pharmaceutical 

Applications 

Intravenous, oral, suspension, ophthalmic and topical 

preparations.  

Regulatory Acceptance GRAS listed.  
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4.4.5 Gellan gum 

Gellan gum is anionic polymer obtained from pseudomonas elodea [11, 12]. Gellan gum 

form gel in presence of cations [13, 14]. 

 

 
 

Figure 4.6: Structure of Gellan gum 
 

The detailed profile about Gellan gum is given in Table 4.9. 

 

Table 4.9: Description about Gellan gum 

 
Product Name  

 

Gellan gum 

Trade name Kelcogel®, Gelrite, Phytagel, Gel-Gro 

Appearance Off-white powder 

Synonyms E418, Gelzan, K9a-40, Gellan, Fg2250, Gelrite, Phytagel 

Gelrite(R), Gellan Gum. 

Molecular weight  500,000 dalton 

Melting point 80°C 

Flowability  Good 

Solubility Solubility in water. 

Functional Category Thickening and gelling agent. 

Stability and Storage 

condition 

 

Store in air tight containers.  

Safety Laxative effect at higher amount. 

Pharmaceutical 

Applications 

Gelling agent, thickener, and stabilizer in cosmetic 

preparations. Ophthalmic drug delivery, sustaining agent, 

beads. 

Regulatory Acceptance It is not GRAS.  
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4.5 HPLC Method for estimation of desmopressin acetate 

 

4.5.1 Preparation of phosphate buffer (PBS) pH 7.0 (0.067 M) solution 

3.532 gm of potassium hydrogen phosphate and 14.542 gm of disodium hydrogen 

phosphate were accurately weighed using single pan electronic balance and transferred in a 

1000 ml volumetric flask. 500 ml of double distilled water was added and contents were 

dissolved properly. The final volume of the volumetric flask was made up to 1000 ml with 

double distilled water. The pH of the solution was adjusted on digital pH meter, if needed, 

using 0.1 N hydrochloric acid (HCl) or 0.1N sodium hydroxide (NaOH) and filtered using 

whatman filter paper [15]. 

 

4.5.2 Preparation of calibration curve of desmopressin acetate in PBS pH 

7.0 (0.067M): acetonitrile (4:1) 

 

Preparation of stock solution  

10 mg of desmopressin acetate was accurately weighed and transferred to 10 ml volumetric 

flask. 2-3 ml of mixture of Phosphate buffer pH 7.0 (0.067M) : acetonitrile (4:1) was added 

and the drug was dissolved properly and then the final volume was made up to 10 ml with 

mixture of Phosphate buffer pH 7.0(0.067 M) : acetonitrile (4:1) to produce 1000 μg/ ml of 

desmopressin acetate filtered using whatman filter paper. 

Preparation of calibration plot 

0.5 ml, 1.0 ml and 2.0 ml of stock solution were accurately transferred to 10 ml volumetric 

flask. Volume was made up to 10 ml with mixture of phosphate buffer pH 7.0 (0.067 M): 

acetonitrile (4:1) to prepare solutions containing 50 μg, 100 μg and   200 μg/ml of 

desmopressin acetate.  

From 100 μg/ml solution, 1 ml of solution was transferred to 10 ml volumetric flask. The 

final volume was made up to 10 ml with mixture of phosphate buffer pH 7.0(0.067 M): 

acetonitrile (4:1) to prepare solutions containing 10 μg/ml of desmopressin acetate. From 

this solution 1 ml, 2.5 ml and 5.0 ml solution was transferred to 10 ml volumetric flask. 

The final volume was made up to 10 ml with mixture of phosphate buffer pH 7.0 (0.067 
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M): acetonitrile (4:1) to prepare solutions containing 1 μg, 2.5 μg and 5 μg per ml of 

desmopressin acetate. The solutions were shaken well and inject 50 µl of the solution and 

identify the peaks due to desmopressin acetate. The results were recorded and plotted 

graphically. 

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 

[16]. 

Table 4.10: Calibration data for estimation of desmopressin acetate in 

phosphate buffer pH 7.0 (0.067 M): acetonitrile (4:1) 

Sr.no. 
Concentration 

(μg/ ml) 

Area (mV.sec) 
SD 

I II III Mean 

1 1 7.144 7.147 7.151 7.147 0.0035 

2 2.5 15.635 15.681 15.651 15.656 0.0234 

3 5 29.609 29.634 29.627 29.623 0.0129 

4 10 60.063 60.051 60.081 60.065 0.0151 

5 50 267.769 267.756 267.721 267.749 0.0248 

6 100 533.085 533.071 533.093 533.083 0.0111 

7 200 1058.73 1058.65 1058.81 1058.730 0.0800 

 

Table 4.11: Calibration data of desmopressin acetate 

λmax 

(nm) 

Column 

 

Flow 

Rate 

ml/min 

Range 

(mcg/ml) 

Retention 

Time 

 

Regression 

Equation 

Regression 

Coefficient 

(R2) 

220 
Nucleosil 

C 18 
2 

1-200 

ug/ml 
5 min 

Y=5.278x 

+3.846 
1.00 
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Figure 4.7: Calibration curve of desmopressin acetate in phosphate 

buffer pH 7.0 (0.067 M): acetonitrile (4:1) 

 

 

4.6   Method of Preparation of Dry nasal powder [17-21] 

 

4.6.1 Preparation of dry nasal powder using HPMC 

 

 

 

 

 

 

 

Figure 4.8: Flow diagram for 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 
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4.6.2 Preparation of dry nasal powder using Carbopol 934P 

 

 

 

 

 

 

 

  

Figure 4.9: Flow diagram for preparation of dry nasal powder using 

Carbopol 934P 

 

 

4.6.3 Preparation of dry nasal powder using Chitosan 

 

  

 

 

 

 

 

Figure 4.10: Flow diagram for preparation of dry nasal powder using 

Chitosan 

 

 

 

 

 

Solution prepared by dissolving carbopol 934P (allowed to 

swell over night), 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 
 

Adjust the pH of distilled water around 4-4.5 with 1% glacial acetic acid 

then slowly add chitosan in distilled water (q.s to 25 ml). 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 
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4.7  Method of Preparation of Thermoreversible Insitu gel 

4.7.1 Temperature sensitive thermoreversible gel 

Thermo reversible gels were prepared using cold method [22]. It 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.  

 

4.7.2 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 [23-25]. 

 

4.7.3 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 by mechanical stirrer 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 [26, 27]. 
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4.8 Optimization of Process Variables of Dry Nasal Powder 

Optimization of the method has been achieved by optimizing variables of the process as 

well as of the formulation. 

A) Optimization of process parameters 

Process parameters studied for optimization of the method were 

 Aspirator 

 Feed rate 

B) Optimization of formulation parameters 

 Polymer conc. 

 

4.9 Evaluation Methods for Dry nasal powder formulations 

 

1)  Particle size  

Light scattering determination was performed with a Malvern Master Sizer from Malvern 

Instruments. The dry powder dispersion was filled in the cell and the size was measured. 

The average particle size was measured after performing the experiment in triplicate. 

 

2) % Yield 

% Yield was calculated using the following formula 

                                                           Practical yield 

                               % Yield = ---------------------------------------- x 100 

                                                           Theoretical yield 

 

 

3) Mucoadhesion test for optimized batch 

Mucoadhesion test was carried out by using modified physical balance. Sheep nasal 

mucosa was excised and kept in PBS pH 7.0. Nasal mucosa was cut into required size and 

paste on both balance plate then apply the formulation and kept it for 10 min. Then add 

weight on the other side of balance to detach the plate [28-31].  

Force of adhesion (N) = m.g 

                                       1000 
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m= weight required to detach formulation from the mucosa in gram  

g= acceleration due to gravity taken as 9.81m/s. 

 

Mucoadhesive strength (N/m)2 =         Force of adhesion (N) 

                                Surface area of mucosa exposed to polymer solution (m)2 

 

4)  % Drug content 

% drug content was determined by dissolving weighed quantity of dry powder in distilled 

water, then estimation was carried out using HPLC method peak due to desmopressin 

acetate was identified and area was calculated.  

 

5)  Scanning electron microscopy (SEM) 

The morphology and size of the dry nasal powder were examined by SEM. Dry nasal 

powder was placed on the sample holder. Samples were directly examined under a JEOL 

JSM-5610LV Scanning electron microscope.  

 

6)  Differential scanning calorimetry (DSC)  

The dry nasal powder containing the drug, pure drug and polymer were characterized by 

DSC (Shimadzu, Japan) in the range of 25–300oC at a heating rate of 10oC per minute with 

average sample weights of 2-3 mg. The transition temperature of polymer as well as the 

presence of any interaction between the drug and excipient was characterized. 

 

7) Ex-vivo drug diffusion study 

The ex-vivo diffusion study was performed with freshly isolated sheep nasal mucosa 

procured from slaughter house using Franz diffusion cells [18, 39]. The nasal membrane 

was removed carefully and made free from adhered tissues. The excised nasal membrane 

was mounted on Franz diffusion cells with phosphate buffer pH 7.0, (0.067 M) filled in 

receptor compartments. The receptor solution was stirred at 50 rpm using Teflon coated bar 

magnet by the aid of a magnetic stirrer. The temperature of the bulk of the solution was 

maintained at 37 ± 0.5 o C. The Dry powder was carried out, dissolves in 1.5 ml phosphate 

buffer and was transferred in the diffusion membrane and maintaining sink condition. At 
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specified intervals of time, 1 ml of the aliquots were withdrawn, filtered and analyzed for 

drug content by HPLC method. All the experiments were performed in triplicate [28].  

 

 

Figure 4.11: Schematic representation of a Franz diffusion cell, (1) donor 

compartment, (2) Receptor compartment, (3) Cellophane diffusion membrane or 

skin, (4) magnetic stirring, (5) sampling device. 

 

8) Nasal toxicity study 

Sheep nasal mucosa was collected from slaughter house in phosphate buffer pH 7.0. The 

mucosa was kept in phosphate buffer pH 7.0 for 15 min. five sheep nasal mucosa pieces 

with uniform thickness were mounted on franz diffusion cells. One mucosa was treated 

with 0.5 ml of phosphate buffer pH 7.0; the other mucosa with 0.5 ml of IPA, third mucosa 

was treated with dry nasal powder containing HPMC batch HPO and fourth mucosa was 

treated with dry nasal powder containing carbopol batch CAO and fifth mucosa was treated 

with dry nasal powder containing chitosan batch CHO for 1 hr. After 1 hr the mucosa 

rinsed with phosphate buffer pH 7.0 and carried to the pathological laboratory in 10% 

formalin for the preparation pathological slides. The sheep nasal mucosa treated with 

phosphate buffer pH 7.0 and IPA were taken as positive and negative control respectively. 

Diffusion Media 

 

Phosphate buffer  pH 7.0,0.067 M 

 

Volume of receptor compartment 

 

17 ml 

 

Volume of sample withdrawn 

 

1 ml 
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The prepared pathological slides were studied under Olympus microscope for any sign of 

toxicity and the images were stored in the form of photographs [28, 29]. 

 

9) In-vivo study for antidiuretic activity 

In-vivo study was carried out on adult wistar albino male rats. Protocol for animal studies 

was approved by Institutional Animal Ethics Committee (IAEC) and Committee for the 

Purpose of Control and Supervision of Experiments on Animals (CPCSEA) [Protocol no. 

PIPH 03/17 CPCSEA921/PO/Ere/S/05/CPCSEA]. Animals were housed in polypropylene 

cages with free access to palletized chow and tap water. The animals were exposed to 

alternate cycles of 12 hours light and darkness. The temperature was maintained at 

approximately 26°C to 28°C. The Antidiuretic activity of desmopressin acetate was 

observed after nasal administration of dry powder. Five groups, with six animals in each 

group were used in the study. Diuresis was induced by Hydrochlorothiazide at a dose of 10 

mg/kg given orally [33-39]. 

 

Group I - Control 

Animals of control group were given no treatment.    

 

Group II - Hydrochlorothiazide Solution (HCTZ) 

Animals of second group were given Hydrochlorothiazide Solution orally.  Urine samples 

were collected every 2 h over a period of 24 h in metabolic cage, measured urine volume 

and measured serum sodium and potassium concentration. 

 

Group III - Nasal administration of dry nasal powder of desmopressin 

acetate containing HPMC batch HPO 

Third group of animals, were administered dry powder containing desmopressin acetate 

equivalent to 10 µg/kg BW.  Urine samples were collected every 2 h over a period of 24 h 

in metabolic cage, measured urine volume and effect of intra nasal dose of dry powder 

containing desmopressin acetate on serum  sodium and potassium concentration. 
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Group IV - Nasal administration of dry nasal powder of desmopressin 

acetate containing Carbopol batch CAO 

Fourth group of animals, were administered dry nasal powder containing desmopressin 

acetate equivalent to 10 µg/kg BW.  Urine samples were collected every 2 h over a period 

of 24 h in metabolic cage, measured urine volume and effect of intra nasal dose of dry 

powder containing desmopressin acetate on serum  sodium and potassium concentration. 

 

Group V - Nasal administration of dry nasal powder of desmopressin 

acetate containing chitosan batch CHO 

Fifth group of animals, were administered dry powder containing desmopressin acetate 

equivalent to 10 µg/kg BW.  Urine samples were collected every 2 h over a period of 24 h 

in metabolic cage, measured urine volume and effect of intra nasal dose of dry powder 

containing desmopressin acetate on serum  sodium and potassium concentration. 

 

10) Stability study of optimized batch of dry nasal powder 

The stability of the formulation was assessed under storage conditions as per ICH 

guidelines, namely, 30°C ± 2°C/65% RH ± 5% RH and 40°C ± 2°C/75% RH ± 5% RH. 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. The stability studies were 

carried out for 4 months. The various parameters evaluated to check the stability of the 

formulations were drug content and particle size [32].  
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4.10 Evaluation Methods for thermoreversible insitu gel 

formulations [33-37] 

 

1) Inflection point 

When temperature of formulation was raised from 4°C, a point reached where drastic 

change in viscosity that point considered as Inflection point. 2 ml of formulation was taken 

in test tube and kept in the water bath. The temperature at which drastic change in the 

viscosity, measured using a calibrated thermometer, that point was considered as Inflection 

point. 

 

2) Gelation point 

It’s the temperature at which liquid phase makes transition into gel. Gelation point was 

considered as temperature where formulation would not flow when test tubes were tilted to 

90° angle. 10 ml of formulation was taken in test tube and kept in water bath and gradually 

increased temperature. The gelling temperature was measured using thermometer and 

considered as gelation point. 

 

3) pH of the gel 

pH of batch was measured using pH meter.  

 

4) Content uniformity 

% drug content was determined by dissolving formulation in distilled water and after 

suitable dilution estimation was carried out using HPLC method and peak due to 

desmopressin acetate was identified and area was calculated.  

 

5) Viscosity Study 

 Temperature sensitive thermoreversible gel: Viscosity of gel was studied using 

brookfield viscometer DV II at constant temperatures of 25°C and 37°C. 

 pH sensitive thermoreversible gel: Viscosity of  gel was determined with the help 

of Brookfield viscometer at two different pH, formulation pH and at pH 7.4 with 

varying shear rate. 
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 Ion sensitive thermoreversible gel: Viscosity of insitu gel was determined using 

brookfield viscometer before and after gelation.  

 

6) Gel strength 

Gel was placed in the test tubes and gelled in a thermostat at 37°C. The apparatus for 

measuring gel strength (Weight) was then placed onto the gel (Figure 4.12). The time taken 

by the apparatus to sink to a depth of 5 cm through the prepared gel was measured.  

 

Figure 4.12: Determination of gel strength 

 

7) Determination of mucoadhesive strength 

 

Figure 4.13: Determination of mucoadhesive strength 

The mucoadhesive force was determined by using measuring device in Figure 4.13. Sheep 

nasal mucosa placed on each glass vial (C) using rubber band. The vials with the nasal 

mucosa were stored at 37°C for 5 min. Next, one vial with a section of mucosa (E) was 

connected to the balance (A) and the other vial were placed on a height adjustable pan (F). 
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Formulation (D) was added onto the nasal mucosa on the other vial, one by one. Then, the 

height of vial was adjusted so that the gel could be placed between the mucosal tissues of 

both vials. The weight (B) was kept raised until two vials were detached.  

 

Mucoadhesive Strength (dynes/cm2) = mg/A 

 

 m = weight required for detachment in gram, 

g= Acceleration due to gravity (980cm/s2), 

A = Area of mucosa exposed 

 

8) Gelation study for ion sensitive thermoreversible gel  

The simulated nasal fluid (SNF) (aqueous solution containing 8.77 mg/ml NaCl, 2.98 

mg/ml KCl and 0.59 mg/ml CaCl2 per liter) having the cationic composition of nasal 

secretions was prepared. Desmopressin acetate in situ gel and SNF were mixed in 1:1 v/v 

ratio and mixture was kept on magnetic stirrer and when magnetic bar stopped moving due 

to gelation considered as gelation point. Consistency of formed gel was checked and 

graded. 

 

9) Ex-vivo drug diffusion study 

The ex-vivo diffusion study was performed with freshly isolated sheep nasal mucosa 

procured from slaughter house using Franz diffusion cells [18, 39]. The nasal membrane 

was removed carefully and made free from adhered tissues. The excised nasal membrane 

was mounted on Franz diffusion cells with phosphate buffer pH 7.0, (0.067 M) filled in 

receptor compartments. The receptor solution was stirred at 50 rpm using Teflon coated bar 

magnet by the aid of a magnetic stirrer. The temperature of the bulk of the solution was 

maintained at 37 ± 0.5 o C.  1.5 g of thermoreversible gel was transferred in the diffusion 

membrane and maintaining sink condition. At specified intervals of time, 1 ml of the 

aliquots were withdrawn, filtered and analyzed for drug content by HPLC method. All the 

experiments were performed in triplicate [28]. 
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10) In-vivo study for antidiuretic activity 

In-vivo study was performed on adult Wistar albino male rats. A protocol for animal 

studies was approved by Institutional Animal Ethics Committee (IAEC) and Committee for 

the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) [Protocol 

no. PIPH 03/17 CPCSEA921/PO/Ere/S/05/CPCSEA]. Animals were housed in 

polypropylene cages with free access to palletized chow and tap water. The animals were 

exposed to alternate cycles of 12 hours light and darkness. The temperature was maintained 

at approximately 26°C to 28°C. The Antidiuretic activity of desmopressin acetate was 

observed after nasal administration of dry powder. Five groups, with six animals in each 

group were used in the study. Diuresis was induced by Hydrochlorothiazide at a dose of 10 

mg/kg given orally [38-44]. 

 

Group I Control 

Animals of control group were given no treatment. 

    

Group II Hydrochlorothiazide Solution (HCTZ) 

Animals of second group were given Hydrochlorothiazide Solution orally.  Urine samples 

were collected every 2 h over a period of 24 h in metabolic cage, measured urine volume 

and measured serum sodium and potassium concentration. 

 

Group III Nasal administration of Temperature sensitive insitu gel batch 

TO 

Third group of animals, were administered Temperature sensitive insitu gel containing 

Desmopressin acetate equivalent to 10 µg/kg BW.  Urine samples were collected every 2 h 

over a period of 24 h in metabolic cage, measured urine volume and effect of intra nasal 

dose of Temperature sensitive insitu gel containing desmopressin acetate on serum  sodium 

and potassium concentration. 

 

Group IV Nasal administration of pH sensitive insitu gel batch PO 

Fourth group of animals, were administered pH sensitive insitu gel containing 

Desmopressin acetate equivalent to 10 µg/kg BW.  Urine samples were collected every 2 h 

over a period of 24 h in metabolic cage, measured urine volume and effect of intra nasal 
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dose of pH sensitive insitu gel containing desmopressin acetate on serum  sodium and 

potassium concentration. 

 

Group V Nasal administration of Ion sensitive insitu gel batch IO 

Fifth group of animals, were administered Ion sensitive insitu gel containing Desmopressin 

acetate equivalent to 10 µg/kg BW.  Urine samples were collected every 2 h over a period 

of 24 h in metabolic cage, measured urine volume and effect of intra nasal dose of Ion 

sensitive insitu gel containing desmopressin acetate on serum  sodium and potassium 

concentration. 

 

11) Stability study  

The stability study of formulation was assessed under different storage conditions as per 

ICH guidelines, namely, room temperature (30°C ± 2°C/65% RH ± 5% RH) and in 

refrigerator temperature (2- 8˚C). At the interval of 15 days, samples were withdrawn from 

the vials from both the conditions and subjected for the analysis of % drug retained. The 

stability studies were carried out for 4 months [32].  
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CHAPTER 5 

Formulation and Evaluation of Dry Nasal Powder 

of Desmopressin Acetate by Spray Drying 

 

5.1 Introduction 

Many therapeutic agents are not delivered efficiently and effectively by conventional 

delivery system to brain or CNS due to their complex structure. Intranasal delivery of drug 

is most suitable for brain targeting as the brain and nose are connected to each other via the 

olfactory pathway and peripheral circulation. One of the major disadvantages of nasal route 

is the mucocilliary clearance, which can be overcome by using bioadhesive polymer that 

increases the nasal (olfactory region) residence time. 

Nasal drop is simple and conventional system for nasal drug delivery but   disadvantage 

associated with nasal drop is lack of the dose precision so may not be suitable for 

prescription product. Solution and suspension can be formulated into nasal sprays, but 

major disadvantage associated with solution and suspension dosage form is the leakage of 

formulation from the nasal cavity.  

Nasal powder has the advantage of absence of preservative and superior stability due to dry 

form. Suitability of the powder dosage form is depend on particle size, aerodynamic 

properties, solubility, and nasal irritancy of the active drug or /and excipient. 

Diabetes insipidus (DI) is a water metabolism disorder in which volume of urine output is 

not in balance with the fluid intake. Diabetes insipidus are of two types: Central (known as 

cranial or neurogenic) and nephrogenic. Central Diabetes insipidus (CDI) results from low 

level of vasopressin (antidiuretic hormone) secretion [1]. The low level or lack of 

vasopressin is due to a malfunction or destruction in a part of brain, the posterior pituitary 

gland and hypothalamus, which release the hormone into blood-stream [2]. In literature on 

central diabetes insipidus, nocturnal enuresis and their available therapies, the challenges 
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associated with the current therapies should be identified, and from the review, the research 

problem to be addressed. 

 

Desmopressin is taken by oral or parental route in the treatment of nocturnal enuresis or 

central diabetes insipidus. It has a low oral bioavailability. IV, IM, or Subcutaneous 

administration is an alternative. The intranasal route may be a viable alternative for self 

administration. The problem related with nasal delivery of desmopressin is the lower 

residence time of solution in nose resulting in poor bioavailability and less transport of 

drug directly to the brain through the olfactory route. Hence, a desmopressin formulation 

which may increase retention time in the nasal cavity and increase absorption of the drug 

would be more beneficial. The use of mucoadhesive polymer can lengthen the retention 

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

 

In spray drying, fluid mixture is sprayed into hot dry air as a solvent, emulsion, suspension 

or dispersion and atomized into millions of droplets by nozzle or rotary wheel. The process 

increases the surface area of the sprayed solution and the solvent is vaporized instantly by 

hot air. This vaporization process rapidly dries the product without thermally shock. The 

product is turned into a powder, granulate or agglomerate within few seconds. Spray 

drying provides the advantage of weight and volume reduction and the powder is suitable 

dosage for insufflation into nose [3]. Qualitative and quantitative composition of liquid 

feed and drying condition affects size, morphology, density, shape, porosity and 

flowability of powder [4-7]. The spray dried powders are made of spherical and amorphous 

particles with a range of average diameter between 2 to 20 µm and a narrow particle size 

distribution [8]. Nasal particles must be in non respiratory size range in order to avoid lung 

deposition.  

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

improvement of Desmopressin bioavailability using different mucoadhesive polymer like 

HPMC (Methocel E5), carbopol 934P or chitosan by spray drying methodology. The 

present research was aimed to explore formulation development of dry nasal powder of 

desmopressin acetate using factorial design employing spray drying. 

The present work described the formulation development of dry nasal powder of 

desmopressin using mucoadhesive polymer like HPMC (Methocel E5), carbopol 934P or 



 

64 
 

chitosan. The 32 factorial design was employed using concentration of mucoadhesive 

polymer and feed rate as independent variables on the basis of the results of preliminary 

trials. The particle size and % yield were selected as dependent variables.  

Stability study for optimized dry nasal powder containing desmopressin was performed as 

per ICH guidelines by keeping at room temperature 30°C ± 2°C/65% RH ± 5% RH and 

accelerated condition 40°C ± 2°C/75% RH ± 5% RH for 4 months. The optimized 

formulation was subjected to particle size, % yield, mucoadhesive strength, % drug 

content, scanning electron microscopy, differential scanning calorimetry, ex vivo drug 

diffusion study, nasal toxicity study and in-vivo study. 

 

 

5.2 Materials and Methods 
 

5.2.1 List of Materials 

Table 5.1: List of Materials 

Sr. No. Materials and reagents Manufacture 

1 Desmopressin acetate Sun Pharmaceutical Industries Ltd., Halol. 

2 HPMC (Methocel E5) Colorcon Asia Pvt. Ltd., Mumbai. 

3 Citric acid monohydrate Sulab Laboratories, Baroda. 

4 Sodium meta bisulphate Loba Chemie  Pvt. Ltd., Mumbai. 

5 Sodium chloride Loba Chemie  Pvt. Ltd., Mumbai. 

6 Sodium CMC (med. Viscosity) Loba Chemie  Pvt. Ltd., Mumbai. 

7 Disodium phosphate dehydrate Sulab Laboratories, Baroda. 

8 Mannitol S.D. Fine Chemicals, Mumbai. 

9 Acetonitrile (HPLC grade) S.D. Fine Chemicals, Mumbai. 

10 IPA Thermo Electron Pvt. Ltd., Mumbai. 

11 Potassium dihydrogen phosphate S.D. Fine Chemicals, Mumbai. 

12 Disodium hydrogen phosphate S.D. Fine Chemicals, Mumbai. 

13 Carbopol 934P Loba Chemie  Pvt. Ltd., Mumbai. 

14 Chitosan Chemdyes Corporation, Rajkot 

15 HPMC E4M Colorcon Asia Pvt. Ltd., Mumbai. 
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5.2.2 List of Instruments and Apparatus 

 

Table 5.2: List of Instruments 
Sr. 

No. 
Instruments/Apparatus Manufacturer 

1 Magnetic stirrer Remi Equipment Pvt. Ltd., India 

2 Vortex mixer Spinix, India 

3 pH meter Lab India Pvt. Ltd.,India. 

4 Spray Dryer Labultima (Lu-227 Advanced), India. 

5 Weighing balance Shimadzu, Japan 

6 Malvern Master sizer Malvern Inst.,U.K. 

7 Brookfield viscometer  Brookfield, USA 

8 Micropipettes  Himedia, Mumbai, India 

9 Laboratory Centrifuge REMI Motors, Mumbai, India 

10 Stability chamber  Thermolab, Mumbai, India 

11 Rotary Shaker  Remi Equipment Pvt. Ltd., Mumbai, India 

12 Water bath  Nova Inst. Pvt. Ltd., Ahmedabad 

13 Hot Plate  Sunbim, Mumbai, India 

14 Franz diffusion cell  D. K. Scientific Laboratories, Ahemedabad, India 

15 HPLC Shimadzu Lc-20at Liquid Chromatograph, Japan 

16 SEM JEOL JSM-5610LV Scanning Electron Microscope, 

Japan  

17 DSC-60 Shimadzu, Japan 

 

 

 

5.2.3 Estimation of Desmopressin Acetate 

 
HPLC method was used for determination of desmopressin acetate as described in Section 

4.5 of Chapter 4 in details. 

 

 

 

 



 

66 
 

5.2.4 Method of Preparation of Dry nasal powder [9-13] 

Spray drying method was used for preparation of dry nasal powder of desmopressin acetate 

as described in Section 4.6 of Chapter 4 in details. 

 

5.2.5 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.  

 

5.2.5.1 Preliminary trials for dry nasal powder of desmopressin acetate 

containing HPMC 

The formulation details of the preliminary trails for HPMC (Methocel E5) were presented 

in Table 5.3 with the results. 
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Table 5.3: Preliminary trials for dry nasal powder of desmopressin acetate containing 

HPMC (Methocel E5) as mucoadhesive polymer 

Batch 

Name 

HPMC 

(Methoce

l E5) 

(mg) 

Mannitol 

(mg) 

Drug 

(mg) 

Distill 

water 

(ml) 

Feed 

Rate 

(ml/min

) 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

68 
 

5.2.5.2 Preliminary trials for dry nasal powder of desmopressin acetate 

containing Carbopol 934P 

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

1500 rpm of aspiration speed and the formulation details was presented in Table 5.4 with 

the results. 

 

Table 5.4: Preliminary trials for dry nasal powder of desmopressin acetate containing 

Carbopol 934P as mucoadhesive polymer  

Batch 

Name 

Carbopol 

934P (mg) 

Mannitol 

(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 

 

5.2.5.3 Preliminary trials for dry nasal powder of desmopressin acetate 

containing Chitosan 

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

rpm of aspiration speed and the formulation details was presented in Table 5.5 with the 

results. 

 

Table 5.5: Preliminary trials for dry nasal powder of desmopressin acetate containing 

chitosan as mucoadhesive polymer     

Batch 

Name 

Chitosan 

(mg) 

Mannitol 

(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 
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5.2.6 Optimization of dry nasal powder of desmopressin acetate 

containing HPMC, Carbopol 934P or Chitosan using Statistical 

Design [14-17] 

 

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

and 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 on the responses.  

Contour Plot 

Contour plot is a diagrammatic representation of the values of the response and it is helpful 

in explaining visually the relationship between independent and dependent variables. The 

reduced model was used to plot two dimension contour plot using demo version of Design 

Expert 12 trial software. 

Response Surface Plot 

Response surface plot is helpful in understanding the main and the interaction effects of 

variables in the formulation development. The effect of level of independent variable on 

the response parameter can be understood from the respective response surface plot. 

Optimization of dry nasal powder formulation using overlay plot 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 [18]. The optimization of dry nasal powder formulation was performed 

using Design Expert software employing overlay plot with desirability approach. 

The concentration of mucoadhesive polymer either HPMC, Carbopol 934P or Chitosan and 

feed rate play important role in stable formulation development of dry nasal powder, hence 
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concentration of mucoadhesive polymer and feed rate were selected as independent 

variables in factorial design on the basis of the results of preliminary trials of the respective 

mucoadhesive polymer.  

 

5.2.6.1 Optimization of dry nasal powder of desmopressin acetate 

containing HPMC using 32 factorial design 

The 32 factorial design was employed using concentration of HPMC (Methocel E5) and 

feed rate as independent variable X1 and X2. The particle size (PS) (Y1) and % yield (Y2) 

were selected as dependent variables. The coded and actual value of independent variable 

was shown in Table 5.6 and the runs and responses were presented in Table 5.7. Mannitol 

was used as cryoprotectant. 

 

Table 5.6: 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 
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Table 5.7: 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 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

 

5.2.6.2 Optimization of dry nasal powder of desmopressin acetate 

containing carbopol 934P using factorial design 

The concentration of carbopol 934P and feed rate play important role in stable formulation 

of dry nasal powder. Hence, concentration of carbopol 934P and feed rate were selected as 

independent variables in factorial design on the basis of the results of preliminary trials 

(Table 5.4). The 32 factorial design was employed using concentration of carbopol 934P 

(X1) and feed rate (X2) as independent variables and particle size (PS) (Y1) and % yield 

(Y2) were selected as dependent variables. The coded and actual value of independent 

variable was shown in Table 5.8. The runs and responses for factorial batches were 

presented in Table 5.9. Mannitol was used as cryo protectant. 
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Table 5.8: 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 5.9: 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 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 
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5.2.6.3 Optimization of dry nasal powder of desmopressin acetate 

containing chitosan using factorial design 

 
The conc. of chitosan and feed rate play important role in stable formulation of dry nasal 

powder hence concentration of chitosan and feed rate were selected as independent 

variables in factorial design on the basis of the results of preliminary trials (Table 5.5). The 

32 factorial design was employed using concentration of chitosan and feed rate as 

independent variable X1 and X2 respectively. The average particle size (PS) (Y1) and % 

yield (Y2) were selected as dependent variables. The coded and actual value of independent 

variable was shown in Table 5.10. The runs and responses for 32 design batches were 

presented in Table 5.11.Mannitol was used as cryoprotectant. 

 

Table 5.10: 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 5.11: 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 
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Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

 

5.2.7 Evaluation methods for dry nasal powder formulations 

 

1) Particle size  

Light scattering determination was performed with a Malvern Master Sizer from Malvern 

Instruments as described in Section 4.9 of Chapter 4 in details. Average particle size was 

calculated from three measures. 

 

2)  % Yield 

% Yield was calculated using the following formula as described in Section 4.9 of Chapter 

4 in details.  

    

3) Mucoadhesion test  

This test was carried out by using modified physical balance. In this test, sheep nasal 

mucosa was excised and kept in PBS pH 7.0. Nasal mucosa was cut into required size and 

paste on both balance plate then apply the formulation and kept it for 10 min. Then add 

weight on the other side of balance to detach the plate as described in Section 4.9 of 

Chapter 4 in details. 

 

4)  % Drug content 

% drug content was determined by dissolving weighed quantity of dry powder in distilled 

water, then estimation was carried out using HPLC method peak due to desmopressin 

acetate was identified and area was calculated.  
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5)  Scanning electron microscopy (SEM) 

The morphology and size of the dry nasal powder were examined by SEM as described in 

Section 4.9 of Chapter 4 in details. 

 

6)  Differential scanning calorimetry (DSC)  

The dry powder containing the drug, pure drug and polymer were characterized by DSC 

(Shimadzu, Japan) in the range of 25–300oC at a heating rate of 10oC per minute with 

average sample weights of 2-3 mg. The transition temperature of polymer as well as the 

presence of any interaction between the drug and excipient was characterized. 

 

7)  Ex-vivo drug diffusion study 

The ex-vivo diffusion study was performed with freshly isolated sheep nasal mucosa 

procured from slaughter house using Franz diffusion cells as described in Section 4.9 of 

Chapter 4 in details. 

 

8)  Nasal toxicity study 

Nasal toxicity study was carried out on sheep nasal mucosa collected from the slaughter 

house in phosphate buffer pH 7.0. The nasal mucosa was kept in phosphate buffer pH 7.0 

for 15 min. five sheep nasal mucosa pieces with uniform thickness were mounted on franz 

diffusion cells and treated with test preparation as described in Section 4.9 of Chapter 4 in 

details. 

 

9)  In-vivo study for antidiuretic activity 

In-vivo studies were performed on adult Wistar albino male rats. A protocol for animal 

studies was approved by Institutional Animal Ethics Committee (IAEC) and Committee for 

the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) [Protocol 

no. PIPH 03/17 CPCSEA921/PO/Ere/S/05/CPCSEA]. Detail method described in Section 

4.9 of Chapter 4 in details. 
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10) Stability study of the dry nasal powder 

The stability of the formulation was assessed under different storage conditions as per ICH 

guidelines, namely, 30°C ± 2°C/65% RH ± 5% RH and 40°C ± 2°C/75% RH ± 5% RH as 

described in Section 4.9 of Chapter 4 in details. 

 

 

5.3 Results and Discussion 

 

5.3.1 Results of 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 using HPMC, Carbopol, or chitosan as 

mucoadhesive polymer at different feed rate and aspirator RPM of the spray dryer to select 

the variables. Mannitol was used as cryoprotectant. The drug was incorporated in the 

selected batches of respective polymer. Particle size and % yield were measured for the 

batches. The Powder containing desmopressin acetate was prepared by spray drying 

technique. The effects of various process as well as formulation parameters were studied 

for the preliminary studies of the dry nasal powder. 

 

Aspirator 

By regulating the aspirator speed, the amount of heated drying air can be increased or 

decreased. High aspirators speed, higher degree of separation in the cyclone, Lower 

aspirator speed, longer holding time, lower residual moisture content. The desired particle 

size was obtained when aspirator speed kept at 1500 rpm.  

 

Feed rate 

The higher the spray flow rate, the smaller the size of the particles in the final product. The 

desired particle size was obtained when feed rate kept at 6 ml/min. 
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Polymer concentration 

Increase polymer conc., will increase mucoadhesive strength. The desired mucoadhesive 

strength was obtained when concentration of HPMC, Carbopol and Chitosan was 45 mg, 

30 mg and 7.5 mg. 

 

 

5.3.1.1 Results of Preliminary trials for dry nasal powder of desmopressin 

acetate containing HPMC 

The formulation details of the preliminary trails for HPMC were presented in Table 5.3 

with the results. Batches HA to HL were prepared using varying amount of HPMC.  

Batches HA to HD were prepared using aspiration speed like 600 rpm, 1200 rpm,1500 rpm 

and 1800 rpm and on the basis of effect of aspiration speed on particle size and % yield 

1500 rpm was optimized as aspiration speed. Then batches HE to HG were prepared using 

different feed rate like 3 ml/min, 6 ml/min, 9 ml/min and on the basis of effect of feed rate 

on particle size and % yield 6 ml/min was optimized as feed rate. Then, batches HH to HL 

were prepared using different HPMC (Methocel E5) concentration like 15 mg, 22.5 mg, 30 

mg, 37.5 mg and 45 mg on the basis of effect of HPMC (Methocel E5) concentration on 

particle size and % yield 45 mg HPMC (Methocel E5) amount was optimized. After 

optimization of all three parameter like HPMC (Methocel E5) concentration, feed rate and 

aspiration speed, in batch HL drug was incorporated and analyzed for particle size and % 

yield. On the basis of result of preliminary trials batch HL was found satisfactory and 

particle size was found to be 13.23±2.091 um and % yield was found to be 63.7±1.942.  

 

5.3.1.2 Results of Preliminary trials for dry nasal powder of desmopressin 

acetate containing Carbopol 

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

1500 rpm of aspiration speed and the formulation details was presented in Table 5.4 with 

the results. Batches CA to CD were prepared using different concentration of carbopol 

934P like 15 mg, 22.5 mg and 30 mg. On the basis of effect of carbopol 934P   

concentration on particle size and % yield 30 mg amount of carbopol 934P was optimized. 

After optimization of carbopol 934P concentration, drug was incorporated in batch CD and 

analyzed for particle size and % yield. On the basis of result of preliminary trials batch CD 
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was found satisfactory and particle size was found to be 12.84±1.392 um and % yield was 

found to be 66.9±0.259.  

 

5.3.1.3 Results of Preliminary trials for dry nasal powder of desmopressin 

acetate containing Chitosan 

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

rpm of aspiration speed and the formulation details was presented in Table 5.5 with the 

results. Batches CHA to CHE were prepared using different concentration of chitosan like 

1.5 mg, 3 mg, 5 mg and 7 mg. On the basis of effect of chitosan concentration on particle 

size and % yield, 5 mg amount of chitosan was optimized. After optimization of chitosan 

concentration, drug was incorporated in batch CHE and analyzed for particle size and % 

yield. On the basis of result of preliminary trials batch CHE was found satisfactory and 

particle size was found to be 10.84±1.628 um and % yield was found to be 69.5±0.816.  

 

5.3.2 Optimization using factorial design for dry nasal powder 

of desmopressin acetate containing HPMC (Methocel E5), 

Carbopol or Chitosan 

 

5.3.2.1 Optimization of dry nasal powder of desmopressin acetate 

containing HPMC using factorial design [14-17] 

The concentration of HPMC (Methocel E5) and feed rate play important role in stable 

formulation of dry nasal powder, hence, concentration of HPMC (Methocel E5) and feed 

rate were selected as independent variables in factorial design on the basis of the results of 

preliminary trials (Table 5.3). The 32 factorial design was employed using concentration of 

HPMC (Methocel E5) (X1) and feed rate (X2) as independent variables. The particle size 

(PS) (Y1) and % yield (Y2) were selected as dependent variables. The coded and actual 

value of independent variable was shown in Table 5.6. The runs and responses for factorial 

batches were presented in Table 5.7. 
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Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

(a) Particle size (PS) (Y1)  

A full model equation of particle size (PS) (YFPS) was written as Equation 5.1 [14-17]. 

 

For particle size (PS), 

YFPS = 12.177 - 0.8183X1 - 3.0183X2 + 0.3000X1X2 + 0.05833X1
2 + 2.83833 X2

2 ……… 

(Equation 5.1) 

The results of coefficients estimated by multiple regression for particle size (PS) was 

presented in Table 5.12. 

 

Table 5.12: Coefficients estimated by multiple linear regression for particle size (Y1) 

Factors Coefficients Calculated t values p-values 

Intercept 12.17778 26.09327 0.0200* 

X1 - 0.818333 -3.20133 0.4983 

X2 - 3.01833 -11.8077 0.00568** 

X1
2 0.058333 0.131752 0.0523* 

X2
2 2.83833 6.410657 0.0242* 

X1X2 0.300000 0.958242 0.0721 

**very significant (p<0.01), *significant (p<0.05) 

 

The particle size for batch H1 to H9 ranges from 11.35 to 19.42 µm. The coefficient of X1 

was - 0.818333 and X2 was - 3.01833, which indicated that negative value of X1 and X2 

was predominantly reducing the particle size of dry nasal powder. The regression 

coefficient of X1
2 was 0.058333, X2

2 was 2.83833 and X1X2 was 0.3000, which indicated 

their positive influence on particle size. Coefficients of two independent variables in 

Equation 5.1 were compared, the value for the variable X2 (b2= - 3.01833) was found to be 
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maximum and hence the variable X2 was considered to be a major contributing variable for 

PS. 

The reduced model for particle size (PS) (YRPS) was presented as Equation 5.2. 

For particle size (PS), 

YRPS = 12.21666 - 0.818333X1 - 3.01833X2 + 2.83833X2
2……… (Equation 5.2) 

The summary of full and reduced model for particle size (PS) was presented in Table 5.13. 

Table 5.13: Summary of full and reduced model for particle size (PS) (Y1) 

Response (YFY) (YRY) 

Model Full Reduced 

b0 12.17778 12.21666 

b1 - 0.818333 - 0.818333 

b2 - 3.01833 - 3.01833 

b11 0.058333 _ 

b22 2.83833 2.83833 

b12 0.300000 _ 

R2 0.984592 

 

0.979787 

  

The results of ANOVA were present in Table 5.14. 

Table 5.14: ANOVA of full model and reduced model for particle size (PS) (Y1) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 75.159111

1 

15.03182 38.34069 0.992266 

 

0.9845 0.958912 

 
 RM 3 74.7921 24.9307 80.7875 0.9898 

 

0.9797 0.9679 

 Error FM 3 1.17617 0.39205  

 RM 5 1.54298 0.30859 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 1.54298 - 1.17617= 0.36681 

No. of parameters omitted = 2 

MS of Error (full model) = 0.39205 
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F calculated = (0.36681/2) / 0.39205= 0.46781 

F tabulated = 9.28 

The F statistic of  results of ANOVA confirmed the omission of non significant terms of 

Equation 5.2. The calculated F value for particle size was 0.46781 which was less than the 

tabulated F value 9.28, so it was concluded that the neglected terms did not significantly 

contributed in the prediction of particle size. The goodness of fit of the model was checked 

by the determination coefficient (R2). In the case of particle size, the values of the 

determination coefficients (R2=0.9845 for full model and 0.9797 for reduced model) 

indicated that over 90% of the total variations are explained by the model. The values of 

adjusted determination coefficients (adj R2= 0.958912 for full model and 0.967659 for 

reduced model) for particle size. The values of correlation coefficients (R=0.992266 for 

full model and 0.989842 for reduced model) for particle size. 

The predicted values along with their actual value for particle size were shown in Table 

5.15 for particle size which showed about the present error which should be minimal. 

 

Table 5.15: Observed and predicted responses for particle size (PS) (Y1) 

Batch No Observed PS Predicted PS Residual Values % Error 

H1 19.42 19.21111 0.20888889 1.075638 

H2 18.21 18.03444 0.17555556 0.964061 

H3 16.59 16.97444 -0.3844444 -2.31733 

H4 12.44 13.05444 -0.6144444 -4.93926 

H5 12.22 12.17778 0.04222222 0.345517 

H6 11.99 11.41778 0.57222222 4.772496 

H7 12.98 12.57444 0.40555556 3.124465 

H8 11.78 11.99778 -0.2177778 -1.84871 

H9 11.35 11.53778 -0.1877778 -1.65443 
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(b) % Yield (Y2) 

A full model equation of % yield (YFY) was written as Equation 5.3. 

For % yield,  

YFY = 64.49222 - 0.971667X1 + 9.07667X2 + 4.83750X1X2 - 9.26833X1
2 - 5.97333X2

2 

……… (Equation 5.3) 

The results of coefficients estimated by multiple regression for % yield was presented in 

Table 5.16. 

 

Table 5.16: Coefficients estimated by multiple linear regression for % yield (Y2) 

Factors Coefficients Calculated t values p-values 

Intercept + 64.49222 27.92985 0.000101** 

X1 - 0.971667 -0.76828 0.49826 

X2 + 9.07667 7.176738 0.005574** 

X1
2 - 9.26833 -4.23099 0.024157* 

X2
2 - 5.97333 -2.72682 0.072133 

X1X2 + 4.83750 3.123029 0.052348* 

**very significant (p<0.01), *significant (p<0.05) 

 

The % yield for batch H1 to H9 ranges from 33.33 to 64.65. The coefficient of X1 was - 

0.971667 and X2 was + 9.07667, which indicated that positive value of X2 was 

predominantly increasing % yield of dry nasal powder. The regression coefficient of X1
2 

was - 9.26833, X2
2 was - 5.97333 and X1X2 was + 4.83750, which indicated their negative 

influence on % yield. Coefficients of the two independent variables in Equation 5.3 were 

compared, the value for the variable X2 (b2= + 9.07667) was found to be maximum and 

hence the variable X2 was considered to be a major contributing variable for % yield. 

The reduced model for % yield (YRY) was presented as Equation 5.4. 

For % yield, 

YRY = 60.51 - 0.971667X1 + 9.07667X2 - 9.26833X1
2 + 4.8375X1X2 . …(Equation 5.4) 

The summary of full and reduced model for % yield was presented in Table 5.17 
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Table 5.17: Summary of full and reduced model for % yield (Y2) 

Response (YFY) (YRY) 

Model Full Reduced 

b0 + 64.49222 60.51 

b1 - 0.971667 - 0.971667 

b2 + 9.07667 9.07667 

b11 - 9.26833 - 9.26833 

b22 - 5.97333 _ 

b12 + 4.83750 4.8375 

R2 0.96673539 

 

0.9421 

  

The results of ANOVA were present in Table 5.18. 

Table 5.18: ANOVA of full model and reduced model for % yield  (Y2) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 836.751 167.350 17.437 0.9832 

 

 

0.9667 

 

0.9112 

  RM 4 765.387 191.344 7.6476 0.9403 

 

0.9421 

 

0.9321 

 
Error FM 3 28.79195 9.597318  

 RM 4 100.153 25.0383 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 100.153 - 28.79195= 71.363 

No. of parameters omitted = 1 

MS of Error (full model) = 9.597318 

F calculated = (71.363/1) / 9.597318 = 7.4359 

F tabulated = 9.28 

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 5.4. The calculated F value for % yield was 7.4359 which was less than the 

tabulated F value 9.28, which was less than the tabulated F value 17.43, so it was 

concluded that the neglected terms did not significantly contributed in the prediction of % 

yield. The goodness of fit of the model was checked by the determination coefficient (R2). 
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In the case of % yield, the values of the determination coefficients (R2=0.9667 for full 

model and 0.9421 for reduced model) indicated that over 90% of the total variations are 

explained by the model. The values of adjusted determination coefficients (adj R2= 0.9112 

for full model and 0.9321 for reduced model) for % yield. The values of correlation 

coefficients (R=0.9832 for full model and 0.9403 for reduced model) for % yield. 

 The predicted values along with their actual value for % yield were shown in Table 5.19 

for % yield which showed about the present error which should be minimal. 

Table 5.19: Observed and predicted responses for % yield  (Y2) 

Batch No Observed % yield   Predicted % yield   Residual Values % Error 

H1 44.04 45.9830556 -1.94306 -4.41202 

H2 52.42 49.4422222 2.977778 5.680614 

H3 33.33 34.3647222 -1.03472 -3.10448 

H4 57.12 56.1955556 0.924444 1.618425 

H5 64.46 64.4922222 -0.03222 -0.04999 

H6 53.36 54.2522222 -0.89222 -1.67208 

H7 55.48 54.4613889 1.018611 1.835997 

H8 64.65 67.5955556 -2.94556 -4.55616 

H9 64.12 62.1930556 1.926944 3.005216 

 

Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. particle 

size (PS) and % yield for desmopressin acetate dry nasal powder and shown in Figure 5.1, 

5.2 [18, 20]. 
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 (a) Particle size (PS) 

Figure 5.1 showed contour plot for particle size (PS) at prefixed values of 10,12,14,16 and 

18 um. The contour plot was found to be linear, thus the relationship between independent 

variables for particle could be linear.  

Figure 5.2 showed the response surface plot obtained as a function of concentration of 

HPMC (Methocel E5): Feed rate for particle size (PS). A decrease in particle Size (PS) 

with increase in the concentration of HPMC (Methocel E5): Feed rate was observed.  
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Figure 5.1: Contour plot for the effect on Particle size (PS)- HPMC 
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Figure 5.2: 3D surface plot for the effect on Particle size (PS) – HPMC 

 

(b) % Yield  

Figure 5.3 showed contour plot for % yield at prefixed values of 30,40,50,60 and 70 %. 

The contour plot was found to be linear, thus the relationship between independent 

variables for % yield could be linear. 

Figure 5.4 showed the response surface plot obtained as a function of concentration of 

HPMC (Methocel E5): Feed rate for % yield. Increase in % yield with increase in the 

concentration of HPMC (Methocel E5): Feed rate was observed. 
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Figure 5.3: Contour plot for the effect on % yield - HPMC 
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Figure 5.4: 3D surface plot for the effect on % yield - HPMC 

Optimization of dry nasal powder 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. 

These constrains were shown in Table 5.20 for the dry nasal powder formulation. Then 

recommended concentrations of the independent variables were calculated by the Design 
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Expert software using overlay plot with desirability approach (Figure 5.5 – 5.7). The 

results gave one optimized solution with theoretical target profile characteristics which 

were shown in Table 5.21. 

Table 5.20: Constrains for dry nasal powder formulation of desmopressin 

acetate containing HPMC  

Name 

 

Goal Lower 

limit 

 

Upper 

limit 

 

Importance 

Conc. Of HPMC (Methocel E5) is in range -1 1 +++ 

Feed rate is in range -1 1 +++ 

Particle size None 11.35 19.92 +++ 

% Yield None 33.33 64.65 +++ 

 

Table 5.21: Solution proposed by Design Expert 

Sol. Run Conc. Of HPMC (Methocel E5) Feed rate Particle size % Yield 

1 0.078 0.656 11.37 67.99 

 

 

 

Figure 5.5: Desirability ramp for optimization of dry nasal powder of 

desmopressin acetate - HPMC 
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Figure 5.6: Desirability contour plot for optimization of dry nasal powder 

of desmopressin acetate containing HPMC 

 

Figure 5.7: Overlay plot for optimization of dry nasal powder of 

desmopressin acetate containing HPMC 
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Figure 5.5 showed desirability ramp for optimization of dry nasal powder formulation. The 

dot on each ramp reflected the factor setting or response prediction for that solution. The 

height of the dot showed how desirable it is. 

Figure 5.6 showed desirability contour plot for optimization of dry nasal powder 

formulation. The contour plot with graduated colors cool blue for lower desirability and 

warm yellow for higher. Design Expert software shows flag at the optimal point.  

Figure 5.7 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. particle size and % yield for desmopressin dry nasal 

powder were selected. The point indicating toggle flag showed the coded value of X1= -

0.240051 and X2= 0.0785481 for optimized formulation. The actual value of X1 and X2 was 

shown in Table 5.22. The optimized batches were prepared n=3 and responses were 

measured. There was no significant difference between predicted and observed actual 

responses. Thus the derived model was validated using the prepared optimized check point 

batches. 

 

Table 5.22: 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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5.3.2.2 Optimization of dry nasal powder of desmopressin acetate 

containing carbopol 934P using factorial design 

The concentration of carbopol 934P and feed rate play important role in stable formulation 

of dry nasal powder hence concentration of carbopol 934P and feed rate were selected as 

independent variables in factorial design on the basis of the results of preliminary trials 

(Table 5.14). The 32 factorial design was employed using concentration of carbopol 934P 

and feed rate as independent variable X1 and X2. The particle size (PS) (Y1), % yield (Y2) 

were selected as dependent variables. The coded and actual value of independent variable 

was shown in Table 5.8. The runs and responses for factorial batches were presented in 

Table 5.9. 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

(a) Particle size (PS) (Y1)  

A full model equation of particle size (PS) (YFPS) was written as Equation 5.5. 

 

For particle size (PS), 

YFPS = 16.02111 - 5.64833X1 - 15.70833X2 + 3.14500X1X2 + 3.20833X1
2 + 11.41833X2

2 

……… (Equation 5.5) 

The results of coefficients estimated by multiple regression for particle size (PS) was 

presented in Table 5.23. 

 

Table 5.23: Coefficients estimated by multiple linear regression for particle size (Y1) 

Factors Coefficients Calculated t values p-values 

Intercept +16.02111 14.51808 0.000709** 

X1 -5.64833 -9.72532 0.002309** 

X2 -15.70833 -26.8876 0.000113** 

X1
2 +3.20833 3.302891 0.045634* 
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X2
2 +11.41833 11.22983 0.001514** 

X1X2 +3.14500 4.904543 0.016226** 

**very significant (p<0.01), *significant (p<0.05) 

 

The particle size for batch C1 to C9 ranges from 11.38 to 54.21 µm. The coefficient of X1 

was -5.64833 and X2 was -15.70833, which indicated that negative value of X1 was 

predominantly reducing the particle size of dry nasal powder. The regression coefficient of 

X1
2 was +3.20833, X2

2 was +11.41833 and X1X2 was +3.14500, which indicated their 

positive influence on particle size. Coefficients of the two independent variables in 

Equation 5.5 were compared, the value for the variable X2 (b2= -15.70833) was found to be 

maximum and hence the variable X2 was considered to be a major contributing variable for 

PS. 

The reduced model for particle size (PS) (YRPS) was presented as Equation 5.6. 

 

For particle size (PS), 

YRPS = 18.16 - 5.64833X1 - 15.70833X2 + 3.1450X1X2 + 11.418X2
2... (Equation 5.6) 

The summary of full and reduced model for particle size (PS) was presented in Table 5.24. 

Table 5.24: Summary of full and reduced model for particle size (PS) (Y1) 

Response (YFY) (YRY) 

Model Full Reduced 

b0 +16.02111 18.16 

b1 -5.64833 - 5.64833 

b2 -15.70833 - 15.7083 

b11 +3.20833 _ 

b22 +11.41833 11.418 

b12 +3.14500 3.145 

R2 0.996944 

 

0.98662 
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The results of ANOVA were present in Table 5.25. 

Table 5.25: ANOVA of full model and reduced model for particle size (PS) (Y1) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 1993.444 398.688 

 

195.72 

 

0.9984 

 

0.9969 

 

0.9918 

 RM 4 1972.253 493.063 73.739 0.9932 

 

0.9866 

 

0.9732 

 Error FM 3 6.11111 2.0370  

 RM 4 23.746 6.6865 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 23.746- 6.11111= 17.636 

No. of parameters omitted = 1 

MS of Error (full model) = 2.0370 

F calculated = (17.636/1) / 2.0370= 8.68 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 5.6. The calculated F value for particle size was 8.68 which was less than the 

tabulated F value 9.28  , so it was concluded that the neglected terms did not significantly 

contributed in the prediction of particle size. The goodness of fit of the model was checked 

by the determination coefficient (R2). In the case of particle size, the values of the 

determination coefficients (R2=0.9969 for full model and 0.9866 for reduced model) 

indicated that over 90% of the total variations are explained by the model. The values of 

adjusted determination coefficients (adj R2= 0.9918 for full model and 0.9732 for reduced 

model) for particle size. The values of correlation coefficients (R=0.9984 for full model 

and 0.9932 for reduced model) for particle size. 

The predicted values along with their actual value for particle size were shown in Table 

5.26 for particle size which showed about the present error which should be minimal. 
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Table 5.26: Observed and predicted responses for particle size (PS) (Y1) 

Batch No Observed PS Predicted PS Residual Values % Error 

C1 54.21 54.9444 -0.9444 -1.7422 

C2 43.67 42.444 0.5555 1.2721 

C3 37.98 36.611 0.3888 1.0239 

C4 26.32 24.444 1.5555 5.9101 

C5 15.85 15.444 -0.4444 -2.8040 

C6 12.31 13.1111 -1.111 -9.0260 

C7 16.94 16.6111 -0.6111 -3.6075 

C8 11.38 11.1111 -0.1111 -0.9763 

C9 13.29 12.2777 0.7222 5.4343 

 

(b) % Yield (Y2) 

A full model equation of % yield (YFY) was written as Equation 5.7. 

For % yield,  

YFY = 62.86667 + 2.568333X1 + 11.21833X2 - 6.45750X1X2 - 3.05500X1
2 -6.19500X2

2 … 

(Equation 5.7) 

The results of coefficients estimated by multiple regression for % yield was presented in 

Table 5.27. 

 

Table 5.27: Coefficients estimated by multiple linear regression for % yield (Y2) 

Factors Coefficients Calculated t values p-values 

Intercept +62.86667 49.06485 1.8643E-05 

X1 +2.56833 3.818675 0.03160166* 

X2 +11.21833 15.75203 0.00055615** 

X1
2 -3.05500 -2.75589 0.07039396 

X2
2 -6.19500 -5.23619 0.01355653** 

X1X2 -6.45750 -7.59997 0.00472725** 

**very significant (p<0.01), *significant (p<0.05) 
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The % yield for batch C1 to C9 ranges from 33.56 to 69.74. The coefficient of X1 was 

+2.56833 and X2 was +11.21833, which indicated that positive value of X1 was 

predominantly increasing % yield of dry nasal powder. The regression coefficient of X1
2 

was -3.05500, X2
2 was -6.19500 and X1X2 was - 6.45750, which indicated their negative 

influence on % yield. Coefficients of the two independent variables in Equation 5.7 were 

compared, the value for the variable X2 (b2= +11.21833) was found to be maximum and 

hence the variable X2 was considered to be a major contributing variable for % yield. 

The reduced model for % yield (YRY) was presented as Equation 5.8. 

 

For % yield, 

YRY = 60.83 + 2.56833X1 + 11.2183X2 - 6.4575X1X2 - 6.1950X2
2…(Equation 5.8) 

The summary of full and reduced model for % yield was presented in Table 5.28. 

Table 5.28: Summary of full and reduced model for % yield (Y2) 

Response (YFY) (YRY) 

Model Full Reduced 

b0 +62.86667 60.83 

b1 +2.56833 2.5683333 

b2 +11.21833 11.2183 

b11 -3.05500 _ 

b22 -6.19500 - 6.195 

b12 -6.45750 - 6.4575 

R2 0.991631 

 

0.97299507 
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The results of ANOVA were present in Table 5.29. 

Table 5.29: ANOVA of full model and reduced model for % yield  (Y2) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 1040.11 208.022 71.096 0.9958 

 

 

0.9916 

 

0.9776 

 RM 4 1038.23 259.559 36.030 0.9864 

 

0.9729 

 

0.9459 

 Error FM 3 8.77777 2.92592  

 RM 4 28.8156 7.20392 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 28.8156 - 8.77777= 20.03783 

No. of parameters omitted = 1 

MS of Error (full model) = 2.92592 

F calculated = (20.03783/1) / 2.92592= 6.8483 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 5.8 The calculated F value for % yield was 6.8483 which was less than the 

tabulated F value 9.28, so it was concluded that the neglected terms did not significantly 

contributed in the prediction of % yield. The goodness of fit of the model was checked by 

the determination coefficient (R2). In the case of % yield, the values of the determination 

coefficients (R2=0.9916 for full model and 0.9729 for reduced model) indicated that over 

90% of the total variations are explained by the model. The values of adjusted 

determination coefficients (adj R2= 0.9776 for full model and 0.9459 for reduced model) 

for % yield. The values of correlation coefficients (R=0.9958 for full model and 0.9864 for 

reduced model) for % yield. 

The predicted values along with their actual value for % yield were shown in Table 5.30 

for % yield which showed about the present error which should be minimal. 
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Table 5.30: Observed and predicted responses for % yield  (Y2) 

Batch No Observed % yield   Predicted % yield   Residual Values % Error 

C1 33.56 32.72222 0.277778 0.827705 

C2 45.38 45.22222 -0.22222 -0.48969 

C3 51.31 51.05556 -0.05556 -0.10827 

C4 57.83 56.55556 0.444444 0.768536 

C5 61.09 62.55556 -1.55556 -2.54633 

C6 63.57 61.88889 1.111111 1.747855 

C7 67.95 67.72222 -0.72222 -1.06287 

C8 69.74 67.22222 1.777778 2.549151 

C9 59.87 60.05556 -1.05556 -1.76308 

 

Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. particle 

size (PS) and % yield for desmopressin acetate dry nasal powder and shown in Figure 5.8, 

5.9 [18, 20]. 

 

 (a) Particle size (PS) 

Figure 5.8 showed contour plot for particle size (PS) at prefixed values of 0, 10, 20, 30, 40, 

50 and 60 um. The contour plot was found to be linear, thus the relationship between 

independent variables for PS could be linear.  

Figure 5.9 showed the response surface plot obtained as a function of concentration of 

carbopol: Feed rate for particle size (PS). A decrease in particle Size (PS) with increase in 

the concentration of carbopol: Feed rate was observed.  
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Figure 5.8: Contour plot for the effect on Particle size (PS)- Carbopol 

 

Figure 5.9: 3D surface plot for the effect on Particle size (PS)– Carbopol 
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b) % Yield  

Figure 5.10 showed contour plot for % yield at prefixed values of 30,40,50,60 and 70 %. 

The contour plot was found to be linear, thus the relationship between independent 

variables for % Yield could be linear.  

Figure 5.11 showed the response surface plot obtained as a function of concentration of 

carbopol: Feed rate for % yield. Increase in % yield with increase in the concentration of 

carbopol: Feed rate was observed. 
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Figure 5.10: Contour plot for the effect on % yield- Carbopol 
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Figure 5.11: 3D surface plot for the effect on % yield - Carbopol 

 

Optimization of dry nasal powder 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. These 

constrains were shown in Table 5.31 for the dry nasal powder formulation. Then 

recommended concentrations of the independent variables were calculated by the Design 

Expert software using overlay plot with desirability approach (Figure 5.12 – 5.14). The 

results gave one optimized solution with theoretical target profile characteristics which 

were shown in Table 5.32. 

Table 5.31: Constrains for dry nasal powder formulation of desmopressin 

acetate containing Carbopol 

Name 

 

Goal Lower 

limit 

 

Upper 

limit 

 

Importance 

Conc. of carbopol is in range -1 1 +++ 

Feed rate is in range -1 1 +++ 

Particle size None 11.38 54.21 +++ 

% Yield None 33.56 69.74 +++ 
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Table 5.32: Solution proposed by Design Expert 

Sol. Run Conc. Of carbopol Feed rate Particle size % Yield 

1 0.368 0.408 10.338 65.976 

 

 

Figure 5.12: Desirability ramp for optimization of dry nasal powder of 

desmopressin acetate formulation – Carbopol 
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Figure 5.13: Desirability contour plot for optimization of dry nasal 

powder of desmopressin acetate formulation - Carbopol 

 

Figure 5.14: Overlay plot for optimization of dry nasal powder of 

desmopressin acetate formulation containing carbopol  
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Figure 5.12 showed desirability ramp for optimization of dry nasal powder formulation. 

The dot on each ramp reflected the factor setting or response prediction for that solution. 

The height of the dot showed how desirable it is. 

Figure 5.13 showed desirability contour plot for optimization of dry nasal powder 

formulation. The contour plot with graduated colours cool blue for lower desirability and 

warm yellow for higher. Design-Expert software shows flag at the optimal point.  

Figure 5.14 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. particle size and % yield for desmopressin dry nasal 

powder were selected. The point indicating toggle flag showed the coded value of X1= -

0.17481 and X2 = -0.110124 for optimized formulation. The actual value of X1 and  X2 

were shown in Table 5.33. The optimized batches were prepared n=3 and responses were 

measured. There was no significant difference between predicted and observed actual 

responses. Thus the derived model was validated using the prepared optimized check point 

batches. 

 

Table 5.33: 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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5.3.2.3 Optimization of dry nasal powder of desmopressin acetate 

containing chitosan using factorial design 

The conc. of chitosan and feed rate play important role in stable formulation of dry nasal 

powder hence concentration of chitosan and feed rate were selected as independent 

variables in factorial design on the basis of the results of preliminary trials (Table 5.25). 

The 32 factorial design was employed using concentration of chitosan and feed rate as 

independent variable X1 and X2 respectively. The average particle size (PS) (Y1), % yield 

(Y2) were selected as dependent variables. The coded and actual value of independent 

variable was shown in Table 5.10. The runs and responses for 32 design batches were 

presented in Table 5.11. 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

(a) Particle size (PS) (Y1)  

A full model equation of particle size (PS) (YFPS) was written as Equation 5.9. 

 

For particle size (PS), 

YFPS  = 31.59444 - 6.94333X1 - 25.13500X2 + 2.82750X1X2 - 4.60667X1
2 + 10.38833X2

2 

……… (Equation 5.9) 

The results of coefficients estimated by multiple regression for particle size (PS) was 

presented in Table 5.34. 
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Table 5.34: Coefficients estimated by multiple linear regression for particle size (Y1) 

Factors Coefficients Calculated t values p-values 

Intercept +31.59444 16.58686 0.000477006** 

X1 -6.94333 -6.6552 0.006914625** 

X2 -25.13500 -24.0919 0.000156736** 

X1
2 -4.60667 -2.54929 0.083994989 

X2
2 +10.38833 5.748813 0.010455419** 

X1X2 +2.82750 2.21284 0.113799845 

**very significant (p<0.01), *significant (p<0.05) 

 

The particle size for batch CH1 to CH9 ranges from 9.7 to 66.74 µm. The coefficient of X1 

was -6.94333 and X2 was -25.13500 which indicated that negative value of X1, X2 were 

predominantly reducing the particle size of dry nasal powder. The regression coefficient of 

X1
2 was -4.60667, X2

2 was +10.38833 and X1X2 was +2.82750 which indicated their 

positive influence on particle size. Coefficients of the two independent variables in 

Equation 5.9 were compared, the value for the variable X1 (b1= -6.94333) was found to be 

maximum and hence the variable X1 was considered to be a major contributing variable for 

PS. 

The reduced model for particle size (PS) (YRPS) was presented as Equation 5.10  

For particle size (PS), 

YRPS = 28.5233 - 6.9433X1 - 25.135X2 + 10.388X2
2…………. (Equation 5.10) 

The summary of full and reduced model for particle size (PS) was presented in Table 5.35. 
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Table 5.35: Summary of full and reduced model for particle size (PS) (Y1) 

Response (YFY) (YRY) 

Model Full Reduced 

b0 +31.59444 28.5233 

b1 -6.94333 - 6.9433 

b2 -25.13500 - 25.135 

b11 -4.60667 - 

b22 +10.38833 10.388 

b12 +2.82750 - 

R2 0.9955 0.978583 

 

The results of ANOVA were present in Table 5.36. 

Table 5.36: ANOVA of full model and reduced model for particle size (PS) (Y1) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 4370.125 874.0251 133.831 0.9978 

 

0.9955 0.9883 

  RM 3 4295.704 1431.901 76.1535 0.9893 

 

0.9785 0.9657 

 Error FM 3 19.59235 6.530784  

 RM 5 94.01413 18.80283 

 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 94.01413 - 19.59235 = 74.4218 

No. of parameters omitted = 2 

MS of Error (full model) = 6.530784 

F calculated = (74.4218/2) / 6.530784= 5.6978 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 5.10. The calculated F value for particle size was 5.6978 which was less than 

the tabulated F value 9.28, so it was concluded that the neglected terms did not 

significantly contributed in the prediction of particle size. The goodness of fit of the model 
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was checked by the determination coefficient (R2). In the case of particle size, the values of 

the determination coefficients (R2=0.9955 for full model and 0.9785 for reduced model) 

indicated that over 90% of the total variations are explained by the model. The values of 

adjusted determination coefficients (adj R2= 0.9883 for full model and 0.9657 for reduced 

model) for particle size. The values of correlation coefficients (R=0.9978 for full model 

and 0.9893 for reduced model) for particle size.  

The predicted values along with their actual value for particle size were shown in Table 

5.37 for particle size which showed about the present error which should be minimal. 

 

Table 5.37: Observed and predicted responses for particle size (PS) (Y1) 

Batch No Observed PS Predicted PS Residual Values % Error 

CH1 71.31 72.28194444 -0.97194 -1.36298 

CH2 66.74 67.11777778 -0.37778 -0.56604 

CH3 54.09 52.74027778 1.349722 2.495327 

CH4 35.65 33.93111111 1.718889 4.821568 

CH5 32.8 31.59444444 1.205556 3.675474 

CH6 17.12 20.04444444 -2.92444 -17.082 

CH7 15.61 16.35694444 -0.74694 -4.78504 

CH8 16.02 16.84777778 -0.82778 -5.16715 

CH9 9.7 8.125277778 1.574722 16.23425 

 

(b) % Yield (Y2) 

A full model equation of % yield (YFY) was written as Equation 5.11. 

 

For % yield,  

YFY  = 64.00111 + 2.4566X1 + 2.9416X2 + 4.3125X1X2 - 4.5266X1
2 - 3.1216X2

2 ……… 

(Equation 5.11) 

The results of coefficients estimated by multiple regression for % yield was presented in 

Table 5.38. 
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Table 5.38: Coefficients estimated by multiple linear regression for % yield (Y2) 

Factors Coefficients Calculated t values p-values 

Intercept +64.00111 49.06465 1.86E-05 

X1 +2.45667 3.438482 0.041282* 

X2 +2.94167 4.117314 0.025961* 

X1
2 -4.52667 -3.65796 0.035295* 

X2
2 -3.12167 -2.52259 0.085981 

X1X2 +4.31250 4.928378 0.016013** 

**very significant (p<0.01), *significant (p<0.05) 

 

The % yield for batch CH1 to CH9 ranges from 51.89 to 67.38. The coefficient of X1 was 

+2.45667 and X2 was +2.94167 which indicated that positive value of X1 and X2 were 

predominantly increasing % yield of dry nasal powder. The regression coefficient of X1
2 

was -4.52667, X2
2 was -3.12167 and X1X2 was +4.31250 which indicated their negative 

influence on % yield. Coefficients of the two independent variables in Equation 5.11 were 

compared, the value for the variable X2 (b2= +2.94167) was found to be maximum and 

hence the variable X2 was considered to be a major contributing variable for % yield. 

The reduced model for % yield (YRY) was presented as Equation 5.12. 

For % yield, 

YRY = 61.92 + 2.4566X1 + 2.9416X2 - 4.5266X1
2 + 4.3125X1X2…… (Equation 5.12) 

 

The summary of full and reduced model for % yield was presented in Table 5.39. 
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Table 5.39: Summary of full and reduced model for % yield (Y2) 

Response (YFY) (YRY) 

Model Full Reduced 

b0 
+64.00111 

61.92 

b1 
+2.45667 

2.4566 

b2 
+2.94167 

2.9416X2 

b11 
-4.52667 

- 4.5266 

b22 
-3.12167 

- 

b12 +4.31250 4.3125 

R2 0.960427 

 

0.946485 

 
 

The results of ANOVA were present in Table 5.40. 

Table 5.40: ANOVA of full model and reduced model for % yield  (Y2) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 222.993 44.5986 14.561 0.9804 

 

 

0.9604 

 

0.9362 

  RM 4 203.5037 50.87593 7.096205 0.9368 

 

0.946485 

 

0.9265 

 
Error FM 3 9.188219 3.06274  

 RM 4 28.67783 7.169456 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 28.67783- 9.188219= 19.489 

No. of parameters omitted = 1 

MS of Error (full model) = 3.06274 

F calculated = (19.489/1) / 3.06274= 6.3633 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 5.12. The calculated F value for % yield was 6.3633 which was less than the 

tabulated F value 9.28, so it was concluded that the neglected terms did not significantly 

contributed in the prediction of % yield. The goodness of fit of the model was checked by 

the determination coefficient (R2). In the case of % yield, the values of the determination 

coefficients (R2=0.9604 for full model and 0.9464 for reduced model) indicated that over 
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90% of the total variations are explained by the model. The values of adjusted 

determination coefficients (adj R2= 0.9362 for full model and 0.9265 for reduced model) 

for % yield. The values of correlation coefficients (R=0.9804 for full model and 0.9368 for 

reduced model) for % yield. 

The predicted values along with their actual value for % yield were shown in Table 5.41 

for % yield which showed about the present error which should be minimal. 

 

Table 5.41: Observed and predicted responses for % yield  (Y2) 

Batch No Observed % yield   Predicted % yield   Residual Values % Error 

CH1 54.48 55.26694 -0.78694 -1.44446 

CH2 58.39 57.93778 0.452222 0.774486 

CH3 51.89 51.55528 0.334722 0.645061 

CH4 57.61 57.01778 0.592222 1.027985 

CH5 65.06 64.00111 1.058889 1.627557 

CH6 60.28 61.93111 -1.65111 -2.73907 

CH7 52.72 52.52528 0.194722 0.369352 

CH8 62.31 63.82111 -1.51111 -2.42515 

CH9 67.38 66.06361 1.316389 1.953679 

 

Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. particle 

size (PS) and % yield for desmopressin acetate dry nasal powder and shown in Figure 5.15, 

5.16 [18, 20]. 

 (a) Particle size (PS) 

Figure 5.15 showed contour plot for particle size (PS) at prefixed values of 0, 20, 40, 60 

and 80 um. The contour plot was found to be linear, thus the relationship between 

independent variables for PS could be linear.  
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Figure 5.16 showed the response surface plot obtained as a function of concentration of 

chitosan: Feed rate for particle size (PS). A decrease in particle Size (PS) with increase in 

the concentration of chitosan: Feed rate was observed.  
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Figure 5.15: Contour plot for the effect on Particle size (PS) - Chitosan 

 

Figure 5.16: 3D surface plot for the effect on Particle size (PS) - Chitosan 
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b) % Yield  

Figure 5.17 showed contour plot for % yield at prefixed values of 50, 55, 60, 65 and 70 %. 

The contour plot was found to be linear, thus the relationship between independent 

variables for % yield could be linear.  

Figure 5.18 showed the response surface plot obtained as a function of concentration of 

Chitosan: Feed rate for % yield. Increase in % yield with increase in the concentration of 

chitosan: Feed rate was observed. 
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Figure 5.17: Contour plot for the effect on % yield - Chitosan 
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Figure 5.18: 3D surface plot for the effect on % yield - Chitosan 

 

Optimization of dry nasal powder Formulation 

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. These 

constrains were shown in Table 5.42 for the dry nasal powder formulation. Then 

recommended concentrations of the independent variables were calculated by the Design 

Expert software using overlay plot with desirability approach (Figure 5.19 – 5.21). The 

results gave one optimized solution with theoretical target profile characteristics which 

were shown in Table 5.43. 

Table 5.42: Constrains for dry nasal powder formulation of desmopressin 

acetate containing Chitosan 

Name 

 

Goal Lower 

limit 

 

Upper 

limit 

 

Importance 

Conc. of chitosan is in range -1 1 +++ 

Feed rate is in range -1 1 +++ 

Particle size None 9.7 11.31 +++ 

% Yield None 51.89 67.38 +++ 
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Table 5.43: Solution proposed by Design Expert 

Sol. Run Conc. of chitosan Feed rate Particle size % Yield 

1 0.653 -0.244 31.389 62.084 

 

 

Figure 5.19: Desirability ramp for optimization of dry nasal powder of 

desmopressin acetate formulation - Chitosan 
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Figure 5.20: Desirability contour plot for optimization of dry nasal 

powder of desmopressin acetate containing Chitosan 

 

Figure 5.21: Overlay plot for optimization of dry nasal powder of 

desmopressin acetate containing chitosan  
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Figure 5.19 showed desirability ramp for optimization of dry nasal powder formulation. 

The dot on each ramp reflected the factor setting or response prediction for that solution. 

The height of the dot showed how desirable it is. 

Figure 5.20 showed desirability contour plot for optimization of dry nasal powder 

formulation. The contour plot with graduated colours cool blue for lower desirability and 

warm yellow for higher. Design-Expert software shows flag at the optimal point.  

Figure 5.21 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. particle size and % yield for desmopressin acetate 

dry nasal powder were selected. The point indicating toggle flag showed the coded value of 

X1= 0.786365 and X2= -0.0718643 for optimized formulation. The actual value of X1 and 

X2 were shown in Table 5.44. The optimized batches were prepared n=3 and responses 

were measured. There was no significant difference between predicted and observed actual 

responses. Thus the derived model was validated using the prepared optimized check point 

batches. 

 

Table 5.44: 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±1.628 

% Yield  (Y2) 62.662 60.321±0.923 
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5.3.3 Results of evaluation parameters of desmopressin acetate 

dry nasal powder containing HPMC (Methocel E5) (Batch-

HPO), Carbopol 934P (Batch-CAO) or Chitosan (Batch-CHO) 

[21-36] 

 

1)  Particle size of dry nasal powder of batch HPO, CAO & CHO 

Table 5.45 showed the mean particles size of dry nasal powder. 

 

Formulation Particle size(µm) 

Batch-HPO 13.23±2.091 µm 

Batch- CAO 12.84±1.392 µm 

Batch- CHO 10.84±1.628  µm 

Table 5.45: Mean particles size of dry nasal powder 

 

 

 

Figure 5.22: Particle size of batch-HPO 
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Figure 5.23: Particle size of batch-CAO 

 

 

Figure 5.24: Particle size of batch-CHO 

 

 

 

2)  % 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 and found satisfactory. 
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3)  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 and found satisfactory. 

 

4)  % 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 and found satisfactory. 

 

5)  Scanning electron microscopy (SEM) 

The Scanning electron micrographs in Figure 5.25 a, 5.25 b,5.25c and 5.25d revealed that 

pure desmopressin acetate shows irregular shape and dry nasal powder containing 

desmopressin acetate were of good spherical shape. 

            
     

 

                 

 

  

Figure 5.25a: SEM Image of 

Desmopressin acetate 

Figure 5.25b: SEM Image of batch-

HPO 
 

Figure 5.25c: SEM Image of batch-

CAO 
 

Figure 5.25d: SEM Image of batch-

CHO 
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6)  Differential Scanning Calorimetry (DSC) 

The DSC thermogram of Desmopressin acetate shows presence of characteristic 

endothermic peak at 82.82º C indicating melting point of Desmopressin acetate. The 

Mannitol shows a sharp endothermic peak at 168.31º C indicating its melting point. The 

DSC thermogram of HPMC shows broad peak around 60.13º C indicating glass transition 

temperature of polymer. The DSC thermogram of the Dry nasal powder however showed 

interesting results. The dry nasal powder showed the presence of sharp endothermic peak 

around 165.80º C which is of Mannitol. The slight shift in the peak region of mannitol may 

be due to formulation ingredient interaction causing lowering of melting point of mannitol. 

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. The obtained DSC thermograms are reported in Figure 5.26 (a)-(h). 

 

FIGURE 5.26:  (a) DSC thermogram of Desmopressin acetate (b) Mannitol (c) HPMC 

(Methocel E5) (d) Chitosan (e) Dry nasal powder of desmopressin acetate containing 

HPMC batch-HPO (f) Dry nasal powder of desmopressin acetate containing carbopol 

batch-CAO (g) Dry nasal powder of desmopressin acetate containing chitosan batch-CHO 
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Figure 5.26a: DSC thermogram of Desmopressin acetate 
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Figure 5.26b: DSC thermogram of Mannitol 
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Figure 5.26c: DSC thermogram of HPMC (Methocel E5) 
 

 
 

Figure 5.26d: DSC thermogram of Chitosan 



 

122 
 

100.00 200.00 300.00

Temp [C]

-200.00

-150.00

-100.00

-50.00

0.00

mW

DSC

163.98x100COnset

169.36x100CEndset

165.80x100CPeak

-3.05x100J

-1.52x100kJ/g

Heat

 

Figure 5.26e: DSC thermogram of Dry nasal powder of desmopressin 

acetate containing HPMC batch-HPO 
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Figure 5.26f: DSC thermogram of Dry nasal powder of desmopressin 

acetate containing Carbopol batch-CAO 
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Figure 5.26g: DSC thermogram of Dry nasal powder of desmopressin 

acetate containing Chitosan batch- CHO 
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7) Ex-vivo drug diffusion study 

Comparative diffusion study was carried out of plain drug and dry nasal powder of 

desmopressin acetate containing HPMC, carbopol or chitosan formulations using diffusion 

cell for a period of 360 min. The results of these studies are recorded in Table 5.46. Percent 

drug diffusion for drug formulations were plotted against time (t) and shown in Figure 

5.27. The Dry nasal powder containing desmopressin acetate, prepared under the 

experimental conditions, was tested for in vitro release at 37°C [21,22].  

 

Table 5.46: % Drug Diffusion at different time point 

Time 

(min) 

Ex vivo drug diffusion study (% drug diffused) (Mean±SEM) 

Plain drug 

Dry nasal  

powder of DA 

containing  

HPMC (Methocel 

E5) (Batch-HPO) 

Dry nasal 

powder of DA 

containing 

Carbopol 934P 

(Batch-CAO) 

Dry nasal powder 

of DA containing 

Chitosan  

(Batch-CHO) 

0 0.00 0.00  0.00 0.00 

15 2.1±1.927 2.9±0.190  3.8±1.490  5.5±0.691  

30 6.6±0.321 7.3±2.718 8.7±2.227 11.3±1.528 

45 13.9±2.856 17.6±1.391  19.6±1.211  21.4±1.510 

60 20.8±0.672 26.4±1.021  28.8±0.819 31.9±0.187  

90 24.1±1.624 39.0±1.308  41.3±0.410 44.4±2.531  

120 32.7±0.662 47.9±0.928  51.4±1.945  52.3±0.209 

180 38.6±1.892 54.1±3.109 62.8±1.021 58.4±1.427 

240 45.2±2.561 68.7±1.206 71.5±0.190  70.7±1.389  

300 51.8±1.824 76.5±1.046  82.6±1.874 79.5±0.547  

360 59.2±2.912 84.9±1.265 87.2±1.276  83.5±1.103 
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Figure 5.27: Comparative ex vivo drug diffusion of plain drug, dry nasal   

powder of desmopressin acetate containing HPMC, carbopol, chitosan  

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. 

 

8)  Nasal toxicity study 

The mucosa treated with phosphate buffer pH 7.0 showed intact epithelial layer without 

any damage while mucosa treated with isopropyl alcohol (mucociliary toxic agent) showed 

complete destruction of epithelial layer and even deeper tissues. The nasal mucosa treated 

with test preparation of 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 [23,24].  

               

                                                                                 Figure 5.28a: PBS pH 7.0 Figure 5.28b: IPA 
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Figure 5.28c: Dry nasal powder of 

desmopressin acetate containing 

HPMC batch HPO                                           

Figure 5.28d: Dry nasal powder of 

desmopressin acetate containing                                                   

carbopol batch CAO 

Figure 5.28e: Dry nasal powder of 

desmopressin acetate containing 

chitosan batch CHO 
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9)  In-vivo study for antidiuretic activity 

Effect of dry nasal powder of desmopressin acetate of batch HPO, CAO and CHO on urine 

volume, serum sodium and potassium concentration shown in Table 5.47 [25-29]. 

 

Table 5.47: 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. 

Occasionally, excess water retention leads to hyponatremia and hypokalamia. Dry nasal 

powder of desmopressin acetate did not significantly change the serum sodium and 

potassium concentration (Normal value Sodium: 135-155 mmol/lit, Potassium: 3.5-5.5 

mmol/lit) in rats even at those doses that significantly decreased urine volume.  

 

 

10) Stability study 

The stability of batch HPO, CAO and CHO was assessed at different storage conditions as 

per ICH guidelines and the results obtained were as shown in Table 5.48 [30]. 
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Table 5.48: Effect of storage condition on dry nasal powder of 

desmopressin acetate 

Sampling 

time 

(days) 

Dry nasal powder of desmopressin acetate-% Drug retain (% Assay) (n=3) 

Room condition (30 ± 2 °C with 60 ± 5 % RH) 
Accelerated temp.(40°C ± 2°C/75% RH ± 5% 

RH) 

Batch  

HPO 

Batch  

CAO 

Batch  

CHO 

Batch  

HPO 

Batch  

CAO 

Batch  

CHO 

0 99.60 ± 0.027 99.76± 0.022 99.69 ± 0.048 99.60 ± 0.027 99.76± 0.022 99.69 ± 0.048 

15 99.59 ± 0.021 99.71± 0.054 99.61 ± 0.020 97.39 ± 0.029 96.65± 0.078 95.21 ± 0.083 

30 99.52 ± 0.087 99.67± 0.071 99.54 ± 0.083 93.54 ± 0.016 91.22± 0.035 88.28 ± 0.046 

45 99.49 ± 0.035 99.60± 0.029 99.41 ± 0.091 89.27 ± 0.014 87.70± 0.051 79.37 ± 0.061 

60 99.46 ± 0.026 99.52± 0.092 99.24 ± 0.025 82.33 ± 0.026 81.43± 0.063 76.17 ± 0.081 

75 99.30 ± 0.075 99.41± 0.049 99.17 ± 0.018 76.03 ± 0.011 73.57± 0.083 68.49 ± 0.039 

90 99.21 ± 0.011 99.29± 0.037 99.05 ± 0.054 71.47 ± 0.056 69.52± 0.039 62.48 ± 0.036 

105 99.03 ± 0.065 99.21± 0.081 98.92 ± 0.034 69.38 ± 0.059 66.90± 0.093 59.21± 0.052 

120 98.97 ± 0.048 99.19± 0.073 98.84 ± 0.063 63.39 ± 0.024 61.76± 0.019 57.66 ± 0.063 

 

 

 
 

 

Figure 5.29: Stability profile of batch HPO: % Assay vs. Time (Days) 
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Figure 5.30: Stability profile of batch CAO: % Assay vs. Time (Days) 
 

 

Figure 5.31: Stability profile of batch CHO: % Assay vs. Time (Days) 
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Table 5.49: Effect of storage condition on Particle size 

Sampling 

time(days) 

Dry nasal powder of desmopressin acetate - Particle size* (µm) (n=3) 

Room condition (30 ± 2 °C with 60 ± 5 % RH) 
Accelerated temp.(40°C ± 2°C/75% RH ± 

5% RH) 

Batch  

HPO 

Batch  

CAO 

Batch  

CHO 

Batch  

HPO 

Batch  

CAO 

Batch  

CHO 

0 13.23±2.091 12.84±1.392 10.84±1.628 13.23±2.091 12.84±1.392 10.84±1.628 

15 13.65±1.321 12.97±1.276 10.96±1.538 14.75±2.338 16.73±1.034 13.74±1.387 

30 13.78±1.452 13.05±0.938 11.11±0.431 17.16±1.287 19.12±1.487 21.67±1.543 

45 13.89±2.874 13.17±0.724 11.23±1.967 19.90±1.382 23.34±1.298 29.88±0.139 

60 13.98±1.937 13.25±0.819 11.47±1.584 27.10±1.617 31.95±1.189 38.44±0.389 

75 14.32±1.673 13.36±1.728 11.59±1.642 36.49±0.489 37.11±1.320 47.65±1.592 

90 14.54±2.618 13.78±1.298 11.71±0.095 49.20±1.728 45.89±1.156 57.22±1.830 

105 14.72±2.169 14.01±1.032 11.89±1.274 53.78±2.826 51.73±1.297 59.67±0.347 

120 14.83±2.371 14.13±1.947 12.01±1.943 58.19±2.190 55.20±1.593 61.79±1.440 

 

 

Figure 5.32: Stability profile of batch HPO: Particle size vs. Time (Days) 
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Figure 5.33: Stability profile of batch CAO: Particle size vs. Time (Days) 

 

 
 

Figure 5.34: Stability profile of batch CHO: Particle size vs. Time (Days) 

 

There was no significant decrease in % of drug when stored at room temperature. There 

was slight increase in the particle size after 4 month storage at room temperature. The 

higher particle size at room temperature storage may attribute to the aggregation of 

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

acetate). 

 

5.4 Conclusion 

Nasal powder dosage form has advantage of absence of preservative and superior stability 

due to dry form. The present study was aimed to explore dry nasal powder using HPMC 

(Methocel E5), Carbopol 934P or chitosan as mucoadhesive polymer for formulation 

development using 32 factorial design for bioavailability and stability improvement of 

desmopressin acetate. On the basis of results of preliminary trials, concentration of HPMC 

(Methocel E5) and feed rate were used for formulation development of dry nasal powder 

using HPMC (Methocel E5), concentration of carbopol 934P and feed rate were used for 

formulation development of dry nasal powder using carbopol and concentration of chitosan 

and feed rate were used for formulation development of dry nasal powder using chitosan. 

The 32 factorial design was employed using concentration of HPMC (Methocel E5) and 

feed rate in dry nasal powder using HPMC (Methocel E5) as independent variables, 

concentration of carbopol 934P and feed rate in dry nasal powder using carbopol as 

independent variables, concentration of chitosan and feed rate in dry nasal powder using 

chitosan as independent variables. The particle size (PS) and % yield were selected as 

dependent variables. Multiple regression analysis, contour plot and response surface plot 

were used to study the main and interaction effects of the variables on the responses. The 

optimized batch was selected using Design Expert employing overlay plot with desirability 

approach. The batch containing 41.32 mg of HPMC (Methocel E5) and 6.08 ml/min of 

feed rate was selected as optimized dry nasal powder containing HPMC, the batch 

containing 27.38 mg of carbopol and 5.89 ml/min feed rate was selected as optimized dry 

nasal powder containing carbopol and the batch containing 6.75 mg of chitosan and 5.93 

ml/min of feed rate was selected as optimized dry nasal powder containing chitosan. The 

optimized formulation was subjected to particle size, mucoadhesive strength, % yield, % 

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

diffusion study and in vivo study for antidiuretic activity. The stability study for optimized 

batch was conducted at room temperature 30°C ± 2°C/65% RH ± 5% RH and accelarated 

temprature 40°C ± 2°C/75% RH ± 5% RH. The optimized formulation was found stable at 

room temperature.  
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CHAPTER 6 

Formulation and Evaluation of thermoreversible 

insitu gel of desmopressin acetate 

 

6.1 Introduction 

Intranasal delivery of drug is most suitable for brain targeting as the brain and nose are 

connected to each other via the olfactory pathway and peripheral circulation. One of the 

major disadvantages of nasal route is the mucocilliary clearance, which can be overcome 

by using bioadhesive polymer that increases the nasal (olfactory region) residence time. 

Gel is a dilute three dimensional cross linked system exhibits no flow when in steady state. 

Solution and suspension can be formulated into nasal sprays, but major disadvantage 

associated with solution and suspension dosage form is the leakage of formulation from the 

nasal cavity. 

Diabetes insipidus (DI) is a water metabolism disorder in which volume of urine output is 

not in balance with the fluid intake. Diabetes insipidus are of two types: Central (known as 

cranial or neurogenic) and nephrogenic. Central Diabetes insipidus (CDI) results from low 

level of vasopressin (antidiuretic hormone) secretion [1]. The low level or lack of 

vasopressin is due to a malfunction or destruction in a part of brain, the posterior pituitary 

gland and hypothalamus, which release the hormone into blood-stream [2]. In literature on 

central diabetes insipidus, nocturnal enuresis and their available therapies, the challenges 

associated with the current therapies should be identified, and from the review, the research 

problem to be addressed. 

 

Desmopressin is taken by oral or parental route in the treatment of nocturnal enuresis or 

central diabetes insipidus. It has a low oral bioavailability. IV, IM, or Subcutaneous 

administration is an alternative. The intranasal route may be a viable alternative for self 

administration. The problem related with nasal delivery of desmopressin is the lower 

residence time of solution in nose resulting in poor bioavailability and less transport of 



 

137 
 

drug directly to the brain through the olfactory route. Hence, a desmopressin formulation 

which may increase retention time in the nasal cavity and increase absorption of the drug 

would be more beneficial. The use of mucoadhesive polymer can lengthen the retention 

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

 

In situ gel is the formulation, intended to be applied as a solutions, sol, or suspension, 

which undergoes gelation after administration due to the physicochemical environment [3]. 

It is a polymeric solution which can be administrated as liquid, but upon exposure to the 

physiological environment, undergoes a phase transition to semisolid gel. Gel formation 

depends on factors like temperature, pH change, presence of ions, etc. The formulation in 

the liquid state is easy to be administered and on gelation after administration, increases the 

residence time and the drug gets released in a sustained and controlled manner, and thus 

the in situ gel incorporates the benefit of both the states. 

 

Mucoadhesion/ Bioadhesion indicate the attachment of a synthetic or biological 

macromolecule to a biological tissue resulting in formation of bond with epithelial cell 

and/or the mucus layer. Mucoadhesive in situ gel formulation is reported to enhance the 

permeation characteristic of the drug through nasal route by increasing the residence time 

[4]. The in situ gel formulation offers several advantages like sustained and prolonged 

action in comparison to conventional methods [5]. 

 

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

improvement of desmopressin bioavailability using temperature sensitive, pH sensitive or 

ion sensitive thermoreversible in situ gel. The present research was aimed to explore 

thermoreversible in situ gel formulation development using 32 factorial design for 

bioavailability improvement.  

 

The present work described the formulation development of thermoreversible in situ gel of 

desmopressin acetate using temperature sensitive, pH sensitive or ion sensitive 

thermoreversible in situ gel. The 32 factorial design was employed using concentration of 

mucoadhesive polymer as independent variable in factorial design on the basis of the 

results of preliminary trials. The viscosity and mucoadhesive strength were selected as 

dependent variables. 
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 Stability study for optimized thermoreversible in situ gel containing desmopressin was 

performed as per ICH guidelines by keeping at room temperature room temperature (30°C 

± 2°C/65% RH ± 5% RH) and in refrigerator temperature (2- 8˚C) for 4 months. The 

optimized formulation was subjected to inflection point, gelation temperature, pH, 

viscosity, % drug content, gel strength, mucoadhessive strength, nasal toxicity study, ex 

vivo drug diffusion study, stability study and in-vivo study. 

 

 

6.2 Materials and Methods 

 

6.2.1 Materials used in present work 

 

Table 6.1: List of Materials 

Sr. no. Materials and reagents Manufacture 

1 Desmopressin acetate Sun Pharmaceutical Industries Ltd., Halol. 

2 HPMC (Methocel E5) Colorcon Asia Pvt. Ltd., Goa 

3 Citric acid monohydrate Sulab Laboratories, Baroda. 

4 Sodium metabisulphite Loba Chemie  Pvt. Ltd., Mumbai. 

5 Sodium chloride Loba Chemie  Pvt. Ltd., Mumbai. 

6 Sodium CMC (med. Viscosity) Loba Chemie  Pvt. Ltd., Mumbai. 

7 Disodium phosphate dehydrate Sulab Laboratories, Baroda. 

8 Mannitol S.D. Fine Chemicals, Mumbai. 

9 Acetonitrile (HPLC grade) S.D. Fine Chemicals, Mumbai. 

10 IPA Thermo Electron Pvt. Ltd., Mumbai. 

11 Potassium dihydrogen phosphate S.D. Fine Chemicals, Mumbai. 

12 Disodium hydrogen phosphate S.D. Fine Chemicals, Mumbai. 

13 Pluronic F127 Sigma Aldrich, Mumbai. 

14 Pluronic F68 Sigma Aldrich, Mumbai. 

15 Carbopol 934P Loba Chemie Pvt. Ltd., Mumbai. 

16 Chitosan Chemdyes Corporation, Rajkot 

17 Benzylkonium Chloride Loba Chemie  Pvt. Ltd., Mumbai. 

18 Gellan gum Chemdyes Corporation, Rajkot 

19 HPMC E4M Colorcon Asia Pvt. Ltd., Goa 
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6.2.2 Instruments and Apparatus used in present work 

 

Table 6.2: List of Instruments 

Sr. no. Instruments/Apparatus Manufacturer 

1 Magnetic stirrer Remi Equipment Pvt. Ltd., India 

2 Vortex mixer Spinix, India 

3 pH meter Lab India Pvt. Ltd.,India. 

4 Weighing balance Shimadzu, Japan 

5 Brookfield viscometer  Brookfield, USA 

6 Micropipettes  HiMedia, Mumbai, India 

7 Laboratory Centrifuge Remi Motors, Mumbai, India 

8 Stability chamber  Thermolab, Mumbai, India 

9 Rotary Shaker  Remi Equipment Pvt. Ltd., Mumbai, India 

10 Water bath  Nova Inst. Pvt. Ltd., Ahmedabad 

11 Hot Plate  Sunbim, Mumbai, India 

12 Franz diffusion cell  D. K. Scientific Laboratories, Ahemedabad 

13 HPLC Shimadzu LC-20AT Liquid Chromatograph, Japan 

 

 

 

6.2.3 Methods 
 

6.2.3.1 Estimation of Desmopressin acetate 

HPLC method was used for determination of desmopressin acetate as described in Section 

4.5 of Chapter 4 in details. 
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6.2.4 Method of Preparation of thermoreversible insitu gel [6]  

Method used for preparation of thermoreversible insitu gel of desmopressin acetate as 

described in Section 4.7 of Chapter 4 in details. 

 

6.2.5 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.  

 

6.2.5.1 Preliminary trials for temperature sensitive thermoreversible 

insitu gel of desmopressin acetate 

The formulation details of the preliminary trails for temperature sensitive thermoreversible 

in situ gel of desmopressin acetate were presented in Table 6.3 with the results. 

Table 6.3 Preliminary trials for temperature sensitive thermoreversible insitu gel of 

desmopressin acetate 

Batches 

    Conc. of 

pluronic 

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±0.1849 1937.3±0.198 

TB 1750 300 1.0 1.0 10  334.9±1.923 

±0.1849±±HP

MC E4M 

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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6.2.5.2 Preliminary trials for pH sensitive thermoreversible insitu gel of 

desmopressin acetate 

The formulation details of the preliminary trails for pH sensitive thermoreversible insitu 

gel of desmopressin acetate were presented in Table 6.4 with the results. 

Table 6.4: Preliminary trials for pH sensitive thermoreversible insitu gel of 

desmopressin acetate 

Batches 

Conc. Of 

Carbopol  

934P (mg) 

Conc. Of 

Chitosan   

(mg) 

Desmopressin 

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±±HPM

C E4M 

2165.9±1.273 

PC 10 50 1.0 1.0 10  1134.9±1.583 2387.4±0.751 

PD 30 10 1.0 1.0  10  1289.8±0.993 2501.1±2.973 

PE 30 30 1.0 1.0  10  1453.5±1.082 2930.4±0.162 

PF 30 50 1.0 1.0 10  1543.9±0.924 3199.2±1.923 

PG 50 10 1.0 1.0 10  1654.2±2.098 3327.6±1.910 

PH 50 30 1.0 1.0 10  1712.0±2.592 3591.0±0.237 

PI 50 50 1.0 1.0 10  1880.1±1.091 3612.3±0.116 

 

6.2.5.3 Preliminary trials for ion sensitive thermoreversible insitu gel of 

desmopressin acetate 

The formulation details of the preliminary trails for ion sensitive thermoreversible insitu 

gel of desmopressin acetate were presented in Table 6.5 with the results. 

Table 6.5: Preliminary trials for ion sensitive thermoreversible insitu gel of 

desmopressin acetate 

 

Batches 

    Conc. of 

Gellan 

gum (mg) 

   Conc. of 

HPMC 

E4M   

(mg) 

Desmopressin 

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 

±0.1849±±HP

MC E4M 

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 
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6.2.6 Optimization of temperature sensitive, pH sensitive or ion 

sensitive thermoreversible gel of desmopressin acetate using 

Statistical Design [7-10] 

 

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.  

Multiple regression analysis, contour plot and 3D response surface plot were used to study 

the main and interaction effects of the variables on the responses.  

Contour Plot 

Contour plot is helpful in explaining visually the relationship between independent and 

dependent variables. The reduced model was used to plot two dimension contour plot using 

demo version of Design Expert 12 software. 

 

Response Surface Plot 

Response surface plot is helpful in understanding the main and the interaction effects of 

variables in the formulation development.  

 

Optimization of thermoreversible in situ gel formulation using overlay 

plot 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 [11]. The optimization of thermoreversible insitu gel formulation was 

performed using Design Expert software employing overlay plot with desirability 

approach. 

 

 



 

143 
 

6.2.6.1 Optimization of temperature sensitive thermoreversible insitu gel 

of desmopressin acetate using factorial design [12-17] 

The concentration of pluronic F127 and pluronic F68 play important role in formation of 

temperature sensitive thermoreversible gel, hence concentration of pluronic F127 and 

pluronic F68 were selected as independent variables in factorial design on the basis of the 

results of preliminary trials (Table 6.3). The 32 factorial design was employed using 

concentration of pluronic F127 and pluronic F68 as independent variable as X1 and X2. The 

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

coded and actual values of independent variables were shown in Table 6.6. The runs and 

responses for factorial batches were presented in Table 6.7. 

 

Table 6.6: 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 6.7: 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 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

 

6.2.6.2 Optimization of pH sensitive thermoreversible insitu gel of 

desmopressin acetate using factorial design [12-17] 

The concentration of carbopol 934P and chitosan play important role in formation of pH 

sensitive thermoreversible gel, hence concentration of carbopol 934P and chitosan were 

selected as independent variables in factorial design on the basis of the results of 

preliminary trials (Table 6.4). The 32 factorial design was employed using concentration of 

carbopol 934P and chitosan as independent variable as X1 and X2. The viscosity (Y1) and 

mucoadhesive strength (Y2) were selected as dependent variables. The coded and actual 

values of independent variable were shown in Table 6.8. The runs and responses for 

factorial batches were presented in Table 6.9. 
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Table 6.8: 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 6.9: 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 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 
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6.2.6.3 Optimization of ion sensitive thermoreversible insitu gel of 

desmopressin acetate using factorial design [12-17] 

The concentration of gellan gum and HPMC E4M play important role in formation of ion 

sensitive thermoreversible insitu gel, hence concentration of gellan gum and HPMC E4M 

were selected as independent variables in factorial design on the basis of the results of 

preliminary trials (Table 6.5). The 32 factorial design was employed using concentration of 

gellan gum and HPMC E4M as independent variable as X1 and X2. The viscosity (Y1) and 

mucoadhesive strength (Y2) were selected as dependent variables. The coded and actual 

values of independent variable were shown in Table 6.10. The runs and responses for 

factorial batches were presented in Table 6.11. 

 

Table 6.10: 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 6.11: 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 
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I9 1 1 248.1 3421.73 

 
Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 11 (Demo version). 

 

 

6.2.7 Evaluation methods for thermoreversible in situ gel 

formulations 

1)  Inflection point 

2 ml of solution was taken in test tube and placed in the water bath whose temperature was 

increased gradually. The temperature, at which drastic change in the viscosity was 

observed, measured using a calibrated thermometer, that point was considered as Inflection 

point. 

 

2) Gelation point 

10 ml of solution was taken in a test tube and placed in a water bath, whose temperature 

was increased gradually. The temperature at which a solid gel formed was measured using 

thermometer. This temperature represented the gelation temperature. 

 

3) pH of the gel 

The pH of each batch was measured using pH meter.  

 

4) Content uniformity 

% drug content was determined by dissolving formulation in distilled water and after 

suitable dilution estimation was carried out using HPLC method and peak due to 

desmopressin acetate was identified and area was calculated.  

 

5) Viscosity Study 

Viscosity of the gel was studied using Brookfield viscometer as described in Section 4.10 

of Chapter 4 in details. 
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6) Gel strength  

Gel was evaluated for gel strength as described in Section 4.10 of Chapter 4 in details. 

 

7) Determination of mucoadhesive force 

The mucoadhesive force of the batch was determined by method as described in Section 

4.10 of Chapter 4 in details. 

 

8) Gelation study for ion sensitive thermoreversible gel  

Gelation study for ion sensitive thermoreversible gel was determined by method as 

described in Section 4.10 of Chapter 4 in details. 

 

9) Ex-vivo drug diffusion study 

The ex-vivo diffusion study was performed with freshly isolated sheep nasal mucosa 

procured from slaughter house using Franz diffusion cells as described in Section 4.10 of 

Chapter 4 in details. 

 

10) In-vivo study for antidiuretic activity 

In-vivo study was performed on adult Wistar albino male rats. A protocol for animal study 

was approved by Institutional Animal Ethics Committee (IAEC) and Committee for the 

Purpose of Control and Supervision of Experiments on Animals (CPCSEA) [Protocol no. 

PIPH 03/17 CPCSEA921/PO/Ere/S/05/CPCSEA]. Detail method was described in Section 

4.10 of Chapter 4 in details. 

 

11) Stability study  

The stability of the formulation was assessed under different storage conditions as per ICH 

guidelines, namely, room temperature (30°C ± 2°C/65% RH ± 5% RH) and in refrigerator 

temperature (2- 8˚C) as described in Section 4.10 of Chapter 4 in details. 
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6.3 Results and Discussion 

 

6.3.1 Results of 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 to formulate temperature sensitive, pH sensitive or ion sensitive thermoreversible 

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

 

6.3.1.1 Results of Preliminary trials for temperature sensitive 

thermoreversible insitu gel of desmopressin acetate 

A preliminary screening was performed to optimize the concentration of pluronic F127 and 

pluronic F68 as shown in Table 5.3. Batches (TA to TC) were formulated using pluronic 

F127 concentration (17.5 %w/v or 1750 mg) and pluronic F68 concentration (0, 3, 4 %w/v 

or 0, 30, 40 mg), Batches (TD to TF) were formulated using pluronic F127 concentration 

(18.5 %w/v or 1850 mg) and pluronic F68 concentration (0, 3, 4 %w/v or 0, 30, 40 mg) 

and Batches (TG to TI) were formulated using pluronic F127 concentration (19.5 %w/v or 

1950 mg) and pluronic F68 concentration (0, 3, 4 %w/v or 0, 30, 40 mg). All these batches 

were evaluated for viscosity and mucoadhesive strength and on the basis of result of 

preliminary trials, batch TF was found satisfactory and viscosity was found to be 

499.9±0.124 cps and mucoadhesive strength was found to be 3188.2±1.723 dynes/cm2.  

 

6.3.1.2 Results of Preliminary trials for pH sensitive thermoreversible 

insitu gel of desmopressin acetate 

A preliminary screening was performed to optimize the concentration of carbopol 934P 

and chitosan as shown in Table 5.4. Batches (PA to PC) were formulated using carbopol 

934P concentration (0.1 %w/v or 10 mg) and chitosan concentration (0.1, 0.25, 0.5 %w/v 

or 10, 25, 50 mg), Batches (PD to PF) were formulated using carbopol 934P concentration 

(0.3 %w/v or 30 mg) and chitosan concentration (0.1, 0.25, 0.5 %w/v or 10, 25, 50 mg) and 

Batches (PG to PI) were formulated using carbopol 934P concentration (0.5 %w/v or 50 

mg) and chitosan concentration (0.1, 0.25, 0.5 %w/v or 10, 25, 50 mg). All these batches 
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were evaluated for viscosity and mucoadhesive strength and on the basis of result of 

preliminary trials, batch PG was found satisfactory and viscosity was found to be 

1654.2±2.098 cps and mucoadhesive strength was found to be 3327.6±1.910 dynes/cm2.  

 

6.3.1.3 Results of Preliminary trials for ion sensitive thermoreversible 

insitu gel of desmopressin acetate 

A preliminary screening was performed to optimize the concentration of gellan gum and 

HPMC E4M as shown in Table 5.5. Batches (IA to IC) were formulated using gellan gum 

concentration (0.3 %w/v or 30 mg) and HPMC E4M concentration (0.05, 0.1, 0.15 %w/v 

or 5, 10, 15 mg), Batches (ID to IF) were formulated using gellan gum concentration (0.4 

%w/v or 40 mg) and HPMC E4M concentration (0.05, 0.1, 0.15 %w/v or 5, 10, 15 mg),  

and Batches (IG to II) were formulated using gum concentration (0.5 %w/v or 50 mg) and 

HPMC E4M concentration (0.05, 0.1, 0.15 %w/v or 5, 10, 15 mg),. All these batches were 

evaluated for viscosity and mucoadhesive strength and on the basis of result of preliminary 

trials, batch IF was found satisfactory and viscosity was found to be 201.4±1.994 cps and 

mucoadhesive strength was found to be 3176.2±2.023 dynes/cm2.  

 

6.3.2 Optimization using factorial design for temperature 

sensitive, pH sensitive or ion sensitive thermoreversible insitu 

gel of desmopressin acetate 

 

6.3.2.1 Optimization of temperature sensitive thermoreversible in situ gel 

of desmopressin acetate using factorial design [8-11] 

The concentration of pluronic F127 and pluronic F68 play important role in formation of 

temperature sensitive thermoreversible gel hence concentration of pluronic F127 and 

pluronic F68 were selected as independent variables in factorial design on the basis of the 

results of preliminary trials (Table 6.3). The 32 factorial design was employed using 

concentration of pluronic F127 and pluronic F68 as independent variable X1 and X2. The 

viscosity (Y1) and mucoadhesive strength (Y2) were selected as dependent variables. The 
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coded and actual value of independent variable was shown in Table 6.6. The runs and 

responses for factorial batches were presented in Table 6.7. 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

(a) Viscosity (Y1)  

A full model equation of viscosity (YFV) was written as Equation 6.1.  

 

For viscosity, 

YFV = 530.555 + 55.333X1 + 144.833X2 + 5.666X1
2 - 0.8333X2

2 + 18.25X1X2 ……… 

(Equation 6.1) 

The results of coefficients estimated by multiple regression for viscosity was presented in 

Table 6.12. 

 

Table 6.12: Coefficients estimated by multiple linear regression for viscosity (Y1) 

Factors Coefficients Calculated t values p-values 

Intercept 530.5556 43.35017 2.7E-05 

X1 55.33333 8.254411 0.003723** 

X2 144.8333 21.60567 0.000217** 

X1
2 5.666667 0.488052 0.658959 

X2
2 -0.83333 -0.07177 0.9473 

X1X2 18.25 2.222883 0.11274 

**very significant (p<0.01), *significant (p<0.05) 

 

The viscosity for batch T1 to T9 ranges from 342.2 to 759.1 cps. The coefficient of X1 was 

55.33333 and X2 was 144.8333, which indicated that positive value of X1 and X2 was 

predominantly increasing viscosity of temperature sensitive thermoreversible gel. The 
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regression coefficient of X1
2 was 5.666667, X2

2 was - 0.83333 and X1X2 was 18.25, which 

indicated their positive influence on viscosity. Coefficients of the two independent 

variables in Equation 6.1 were compared, the value for the variable X2 (b2= 144.8333) was 

found to be maximum and hence the variable X2 was considered to be a major contributing 

variable for viscosity. 

The reduced model for viscosity (YRV) was presented as Equation 6.2.  

 

For viscosity, 

YRV = 534.211 + 55.466X1 + 144.75X2 …………. (Equation 6.2) 

The summary of full and reduced model for viscosity was presented in Table 6.13 

Table 6.13: Summary of full and reduced model for viscosity (Y1) 

Response (YFV) (YRV) 

Model Full Reduced 

b0 530.5556 534.211 

b1 55.33333 55.466 

b2 144.8333 144.75 

b11 5.666667 _ 

b22 -0.83333 - 

b12 18.25 - 

R2 0.9944 

 

0.9851 

  

The results of ANOVA were present in Table 6.14. 

Table 6.14: ANOVA of full model and reduced model for viscosity (Y1) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 145628.7 29125.74 108.025 0.9972 

 

 

0.9944 

 

0.9852 

  RM 2 144174.7 72087.34 198.57 0.9925 

 

0.9851 

 

0.9801 

 Error FM 3 808.8611 269.6204  

 RM 6 2178.167 363.0279 
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FM = full model, RM = Reduced model 

SSE2-SSE1 = 2178.167- 808.8611= 1369.30 

No. of parameters omitted = 3 

MS of Error (full model) = 269.6204 

F calculated = (1369.30/3) / 269.6204= 1.6928 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 6.2. The calculated F value for viscosity was 1.6928 which was less than the 

tabulated F value 9.28, so it was concluded that the neglected terms did not significantly 

contributed in the prediction of viscosity. The goodness of fit of the model was checked by 

the determination coefficient (R2). In the case of viscosity, the values of the determination 

coefficients (R2=0.9944 for full model and 0.9851 for reduced model) indicated that over 

90% of the total variations are explained by the model. The values of adjusted 

determination coefficients (adj R2= 0.9852 for full model and 0.9801 for reduced model) 

for viscosity. The values of correlation coefficients (R=0.9972 for full model and 0.9925 

for reduced model) for viscosity. 

The predicted values along with their actual value for viscosity were shown in Table 6.15 

for viscosity which showed about the present error which should be minimal. 
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Table 6.15: Observed and predicted responses for viscosity (Y1) 

Batch No Observed 

viscosity 

Predicted 

viscosity 

Residual Values % Error 

T1 
342.2 353.4722 -11.4722 -3.35249 

T2 
397.8 384.8889 12.11111 3.044523 

T3 
427.7 427.6389 -0.63889 -0.14938 

T4 
498.1 480.8889 17.11111 3.435276 

T5 
518.4 530.5556 -12.5556 -2.42198 

T6 
587.5 591.5556 -4.55556 -0.77541 

T7 
601.2 606.6389 -5.63889 -0.93794 

T8 
675.9 674.5556 0.444444 0.065756 

T9 
759.1 753.8056 5.194444 0.68429 

 

(b) Mucoadhesive strength (Y2) 

A full model equation of mucoadhesive strength (YFMS) was written as Equation 6.3. 

 

For of mucoadhesive strength (MS),  

YFMS = 2961.222 + 228.333X1 + 671.166X2 + 2.6666 X1
2- 72.8333X2

2 + 12.25X1X2 

……… (Equation 6.3) 

The results of coefficients estimated by multiple regression for mucoadhesive strength 

(MS) was presented in Table 6.16. 
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Table 6.16: Coefficients estimated by multiple linear regression for mucoadhesive 

strength (MS) (Y2) 

Factors Coefficients Calculated t values p-values 

Intercept 2961.222 20.79836483 0.000243098** 

X1 228.3333 2.927971746 0.061100755 

X2 671.1667 8.60652717 0.003298165** 

X1
2 2.666667 0.01974266 0.985488325 

X2
2 -72.8333 -0.539221406 0.627181656 

X1X2 12.25 0.128259052 0.906059081 

**very significant (p<0.01), *significant (p<0.05) 

 

The mucoadhesive strength for batch T1 to T9 ranges from 1994.42 to 3827.12 dynes/cm2. 

The coefficient of X1 was 228.3333 and X2 was 671.1667, which indicated that positive 

value of X1 and X2 was predominantly increasing mucoadhesive strength of temperature 

sensitive thermoreversible gel. The regression coefficient of X1
2 was 2.666667, X2

2 was -

72.8333 and X1X2 was 12.25, which indicated their negetive influence on mucoadhesive 

strength. Coefficients of the two independent variables in Equation 6.3 were compared, the 

value for the variable X2 (b2= 671.1667) was found to be maximum and hence the variable 

X2 was considered to be a major contributing variable for mucoadhesive strength. 

The reduced model for mucoadhesive strength (YRMS) was presented as Equation 6.4. 

For mucoadhesive strength (MS), 

YRMS = 2914.97 + 228.211X1 + 617.19X2 …………. (Equation 6.4) 

 

The summary of full and reduced model for mucoadhesive strength was presented in Table 

6.17 
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Table 6.17: Summary of full and reduced model for mucoadhesive strength (Y2) 

Response (YFMS) (YRMS) 

Model Full Reduced 

b0 2961.222 2914.97 

b1 228.3333 228.211 

b2 671.1667 617.19 

b11 2.666667 _ 

b22 -72.8333 - 

b12 12.25 - 

R2 0.9650 

 

0.961462 

  

The results of ANOVA were present in Table 6.18. 

Table 6.18: ANOVA of full model and reduced model for mucoadhesive strength 

(MS) (Y2) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 3026829 605365.7 16.590 0.9823 

 

 

0.9650 

 

0.9069 

 
 RM 2 3015473 1507736 74.844 0.9805 

 

0.9614 

 

0.9486 

 Error FM 
3 109465.5 36488.50  

 RM 6 120869.5 20144.92 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 120869.5- 109465.5= 11404 

No. of parameters omitted = 3 

MS of Error (full model) = 36488.50 

F calculated = (11404/3) / 36488.50= 0.1042 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 6.4. The calculated F value for mucoadhesive strength was 0.1042 which was 

less than the tabulated F value 9.28 , so it was concluded that the neglected terms did not 
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significantly contributed in the prediction of mucoadhesive strength. The goodness of fit of 

the model was checked by the determination coefficient (R2). In the case of mucoadhesive 

strength, the values of the determination coefficients (R2=0.9650 for full model and 0.9614 

for reduced model) indicated that over 90% of the total variations are explained by the 

model. The values of adjusted determination coefficients (adj R2= 0.9069 for full model 

and 0.9486 for reduced model) for mucoadhesive strength. The values of correlation 

coefficients (R=0.9823 for full model and 0.9805 for reduced model) for mucoadhesive 

strength. 

The predicted values along with their actual value for mucoadhesive strength were shown 

in Table 6.19 for mucoadhesive strength which showed about the present error which 

should be minimal. 

 

Table 6.19: Observed and predicted responses for mucoadhesive strength (MS)  (Y2) 

Batch No Observed MS Predicted MS Residual Values % Error 

T1 
1994.42 2003.806 - 9.80556 - 0.491649 

T2 
2087.51 2217.222 - 130.222 - 6.23816 

T3 
2576.27 2435.972 140.0278 5.435291 

T4 
2871.88 2735.556 135.4444 4.71622 

T5 
2990.72 2961.222 28.77778 0.96223 

T6 
3028.58 3192.222 - 164.222 - 5.42241 

T7 
3196.4 3321.639 - 125.639 - 3.93063 

T8 
3661.83 3559.556 101.4444 2.77032 

T9 
3827.12 3802.806 24.19444 0.632184 
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Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. viscosity 

(Y1) and mucoadhesive strength for desmopressin acetate temperature sensitive 

thermoreversible in situ gel and shown in Figure 6.1, 6.2 [14, 18]. 

 (a) Viscosity (cps) 

Figure 6.1 showed contour plot for viscosity at prefixed values of 300, 400, 500, 600, 700 

and 800 cps. The contour plot was found to be linear, thus the relationship between 

independent variables for viscosity could be linear.  

Figure 6.2 showed the response surface plot obtained as a function of concentration of 

pluronic F127: concentration of pluronic F68 for viscosity. A increase viscosity with 

increase in the concentration of pluronic F127: concentration of pluronic F68 was 

observed.  
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Figure 6.1: Contour plot for the effect on Viscosity- Temperature 
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Figure 6.2: 3D surface plot for the effect on viscosity- Temperature 

 

(b) Mucoadhesive strength (MS) 

Figure 6.3 showed contour plot for mucoadhesive strength (Y2) at prefixed values of 1500, 

2000, 2500, 3000, 3500 and 4000 dynes/cm2. The contour plot was found to be linear, thus 

the relationship between independent variables for mucoadhesive strength could be linear. 

Figure 6.4 showed the response surface plot obtained as a function of concentration of 

pluronic F127: concentration of pluronic F68 for mucoadhesive strength. Increase in 

mucoadhesive strength with increase in the concentration of pluronic F127: concentration 

of pluronic F68 was observed. 

 



 

160 
 

-1 -0.5 0 0.5 1

-1

-0.5

0

0.5

1
Mucoadhesive strength  (dynes/cm2)

A: Pluronic F127 (mg)

B:
 P

lu
ro

ni
c 

F6
8 

(m
g)

2500

3000

3500

Factor Coding: Actual

Design Points

1994.42 3827.12

X1 = A: Pluronic F127 

X2 = B: Pluronic F68 

 

Figure 6.3: Contour plot for the effect on mucoadhesive strength - 

Temperature 
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Figure 6.4: 3D surface plot for the effect on Mucoadhesive strength - 

Temperature  
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Optimization of temperature sensitive thermoreversible in situ gel 

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. These constrains were shown in Table 

6.20 for the 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 6.5 – 6.7). The results gave one optimized solution with 

theoretical target profile characteristics which were shown in Table 6.21. 

 

Table 6.20: Constrains for temperature sensitive thermoreversible in situ gel of 

desmopressin acetate  

Name 

 
Goal Lower 

limit 

 

Upper 

limit 

 

Importance 

Conc. of pluronic F127 is in range -1 1 +++ 

Conc. of pluronic F68 is in range -1 1 +++ 

Viscosity None 342.2 759.1 +++ 

Mucoadhesive strength None 1994.42 3827.12 +++ 

 

Table 6.21: Solution proposed by Design Expert 

Sol. Run Conc. Of pluronic F127 Conc. of pluronic 

F68 

Viscosity Mucoadhesive 

strength 

1 - 0.628 0.536 570.85 3131.302 
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Figure 6.5: Desirability ramp for optimization of temperature sensitive 

thermoreversible in situ gel of desmopressin acetate  

 

 

 

Figure 6.6: Desirability contour plot for optimization of temperature 

sensitive thermoreversible in situ gel of desmopressin acetate  
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Figure 6.7: Overlay plot for optimization of temperature sensitive 

thermoreversible in situ gel of desmopressin acetate  

 

Figure 6.5 showed desirability ramp for optimization of temperature sensitive 

thermoreversible in situ gel formulation. The dot on each ramp reflected the factor setting 

or response prediction for that solution. The height of the dot showed how desirable it is. 

 

Figure 6.6 showed desirability contour plot for optimization of temperature sensitive 

thermoreversible in situ gel formulation. The contour plot with graduated colors cool blue 

for lower desirability and warm yellow for higher. Design Expert software shows flag at 

the optimal point.  

 

Figure 6.7 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. viscosity and mucoadhesive strength for 

desmopressin acetate temperature sensitive thermoreversible in situ gel were selected. The 

point indicating toggle flag showed the coded value of X1= 0.693335 and X2 = -0.473326 

for optimized formulation. The actual value of X1 and X2 was shown in Table 6.22. The 

batch TO was prepared (n=3) and responses were measured. The predicted responses were 
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calculated using the reduced model equation. There was no significant difference in the 

predicted and actual responses. 

 

Table 6.22: 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 F68 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 

 

 

6.3.2.2 Optimization of pH sensitive thermoreversible insitu gel of 

desmopressin acetate using factorial design [8-11] 

The concentration of carbopol 934P and chitosan play important role in formation of pH 

sensitive thermoreversible gel hence concentration of carbopol 934P and chitosan were 

selected as independent variables in factorial design on the basis of the results of 

preliminary trials (Table 6.4). The 32 factorial design was employed using concentration of 

carbopol 934P and chitosan as independent variable X1 and X2. The viscosity (Y1) and 

mucoadhesive strength (Y2) were selected as dependent variables. The coded and actual 

value of independent variable was shown in Table 6.8. The runs and responses for factorial 

batches were presented in Table 6.9. 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-
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significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

(a) Viscosity (Y1)  

A full model equation of viscosity (YFV) was written as Equation 6.5. 

 

For viscosity, 

YFV = 1430.111 + 117.5X1 + 369.1667X2 + 31.8333X1
2 - 41.1667X2

2 - 1.25X1X2 ……… 

(Equation 6.5) 

The results of coefficients estimated by multiple regression for viscosity was presented in 

Table 6.23. 

 

Table 6.23: Coefficients estimated by multiple linear regression for viscosity (Y1) 

Factors Coefficients Calculated t values p-values 

Intercept 1430.111 40.60375 3.29E-05 

X1 117.5 6.09079 0.008889** 

X2 369.1667 19.13631 0.000312** 

X1
2 31.83333 0.952702 0.411026 

X2
2 - 41.1667 -1.23203 0.305698 

X1X2 - 1.25 -0.05291 0.961133 

**very significant (p<0.01), *significant (p<0.05) 

 

The viscosity for batch P1 to P9 ranges from 965.6 to 1894.2 cps. The coefficient of X1 

was 117.5 and X2 was 369.1667, which indicated that positive value of X1 and X2 was 

predominantly increasing viscosity of pH sensitive thermoreversible insitu gel. The 

regression coefficient of X1
2 was 31.83333, X2

2 was -41.1667 and X1X2 was -1.25, which 

indicated their positive influence on viscosity. Coefficients of the two independent 

variables in Equation 6.5 were compared, the value for the variable X2 (b2= 369.1667) was 

found to be maximum and hence the variable X2 was considered to be a major contributing 

variable for viscosity. 

The reduced model for viscosity (YRV) was presented as Equation 6.6. 
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For viscosity, 

YRV = 1424.322 + 117.41X1 + 369.166X2…………. (Equation 6.6) 

The summary of full and reduced model for viscosity was presented in Table 6.24 

Table 6.24: Summary of full and reduced model for viscosity (Y1) 

Response (YFV) (YRV) 

Model Full Reduced 

b0 1430.111 1424.322 

b1 117.5 117.41 

b2 369.1667 369.166 

b11 31.83333 _ 

b22 - 41.1667 - 

b12 - 1.25 - 

R2 0.9926 

 

0.9866 

  

The results of ANOVA were present in Table 6.25. 

Table 6.25: ANOVA of full model and reduced model for viscosity (Y1) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 905964 181192.8 81.144 0.9963 

 

 

0.9926 

 

0.9804 

  RM 2 900424.2 450212.1 222.106 0.9933 

 

0.9866 

 

0.9822 

 Error FM 3 6698.861 2232.954  

 RM 6 12162.07 2027.011 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 12162.07- 6698.861= 5463.209 

No. of parameters omitted = 3 

MS of Error (full model) = 2232.954 

F calculated = (5463.209/3) / 2232.954 = 0.8155 

F tabulated = 9.28  
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The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 6.6. The calculated F value for viscosity was 0.8155 which was less than the 

tabulated F value 9.28, so it was concluded that the neglected terms did not significantly 

contributed in the prediction of viscosity. The goodness of fit of the model was checked by 

the determination coefficient (R2). In the case of viscosity, the values of the determination 

coefficients (R2=0.9926 for full model and 0.9866 for reduced model) indicated that over 

90% of the total variations are explained by the model. The values of adjusted 

determination coefficients (adj R2= 0.9804 for full model and 0.9822 for reduced model) 

for viscosity. The values of correlation coefficients (R=0.9963 for full model and 0.9933 

for reduced model) for viscosity. 

 The predicted values along with their actual value for viscosity were shown in Table 6.26 

for viscosity which showed about the present error which should be minimal. 

 

Table 6.26: Observed and predicted responses for viscosity (Y1) 

Batch No Observed 

viscosity 

Predicted 

viscosity 

Residual Values % Error 

P1 
965.6 932.8611 32.13889 3.328385 

P2 
983.4 1019.778 -36.7778 -3.73986 

P3 
1175.4 1170.361 4.638889 0.394665 

P4 
1297.3 1344.444 -47.4444 -3.65717 

P5 
1470.1 1430.111 39.88889 2.713345 

P6 
1587.7 1579.444 7.555556 0.475881 

P7 
1689.9 1673.694 15.30556 0.905708 

P8 
1755.3 1758.111 -3.11111 -0.17724 

P9 
1894.2 1906.194 -12.1944 -0.64378 

 

 

 

 



 

168 
 

(b) Mucoadhesive strength (Y2) 

A full model equation of mucoadhesive strength (YFMS) was written as Equation 6.7. 

 

For of mucoadhesive strength (MS),  

YFMS = 2684.222 + 180.8333X1 + 610.333X2 - 3.8333X1
2 + 186.666X2

2 + 

26.75X1X2……… (Equation 6.7) 

The results of coefficients estimated by multiple regression for mucoadhesive strength 

(MS) was presented in Table 6.27. 

 

Table 6.27: Coefficients estimated by multiple linear regression for mucoadhesive 

strength (MS) (Y2) 

Factors Coefficients Calculated t values p-values 

Intercept 2684.222 102.1657 2.07E-06 

X1 180.8333 12.56621 0.001087** 

X2 610.3333 42.4124 2.88E-05 

X1
2 -3.83333 -0.15379 0.887535 

X2
2 186.6667 7.48914 0.00493**1 

X1X2 26.75 1.517763 0.226363 

**very significant (p<0.01), *significant (p<0.05) 

 

The mucoadhesive strength for batch P1 to P9 ranges from 2109.03 to 3672.74 dynes/cm2. 

The coefficient of X1 was 180.8333 and X2 was 610.3333, which indicated that positive 

value of X1 and X2 was predominantly increasing mucoadhesive strength of pH sensitive 

thermoreversible gel. The regression coefficient of X1
2 was -3.83333, X2

2 was 

186.6667and X1X2 was 26.75, which indicated their negetive influence on mucoadhesive 

strength. Coefficients of the two independent variables in Equation 6.7 were compared, the 

value for the variable X2 (b2= 610.3333) was found to be maximum and hence the variable 

X2 was considered to be a major contributing variable for mucoadhesive strength. 
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The reduced model for mucoadhesive strength (YRMS) was presented as Equation 6.8. 

For mucoadhesive strength (MS), 

YRMS = 2809.28 + 181.04X1 + 610.45X2 - 3.821X2
2…………. (Equation 6.8) 

 

The summary of full and reduced model for mucoadhesive strength was presented in Table 

6.28. 

Table 6.28: Summary of full and reduced model for mucoadhesive strength (Y2) 

Response (YFMS) (YRMS) 

Model Full Reduced 

b0 2684.222 2809.28 

b1 180.8333 181.04 

b2 610.3333 610.45 

b11 -3.83333 _ 

b22 186.6667 3.821 

b12 26.75 - 

R2 0.9985 

 

0.9696 

  

The results of ANOVA were present in Table 6.29. 

Table 6.29: ANOVA of full model and reduced model for mucoadhesive strength 

(MS) (Y2) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 2503825.3 500765.1 403.02 0.9992 

 

 

0.9985 

 

0.9960 

 
 RM 3 2432608 810869.2 53.18 0.9846 

 

0.9696 

 

0.9513 

 Error FM 
3 4820.52 1242.50  

 RM 5 24228.33 15245.67 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 76228.33- 3727.52= 19407.52 

No. of parameters omitted = 2 
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MS of Error (full model) = 1242.50 

F calculated = (19407.52/2) / 1242.50 = 7.80 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 6.8. The calculated F value for mucoadhesive strength was 7.80 which was 

less than the tabulated F value 9.28, so it was concluded that the neglected terms did not 

significantly contributed in the prediction of mucoadhesive strength. The goodness of fit of 

the model was checked by the determination coefficient (R2). In the case of mucoadhesive 

strength, the values of the determination coefficients (R2=0.9985 for full model and 0.9696 

for reduced model) indicated that over 90% of the total variations are explained by the 

model. The values of adjusted determination coefficients (adj R2= 0.9960 for full model 

and 0.9513 for reduced model) for mucoadhesive strength. The values of correlation 

coefficients (R=0.9992 for full model and 0.9846 for reduced model) for mucoadhesive 

strength. 

The predicted values along with their actual value for mucoadhesive strength were shown 

in Table 6.30 for mucoadhesive strength which showed about the present error which 

should be minimal. 

 

Table 6.30: Observed and predicted responses for mucoadhesive strength (MS)  (Y2) 

Batch No Observed MS Predicted MS Residual Values % Error 

P1 
2109.03 2102.639 6.361111111 0.301613 

P2 
2279.63 2260.556 18.44444444 0.809098 

P3 
2386.81 2410.806 -24.80555556 -1.03928 

P4 
2475.54 2499.556 -24.55555556 -0.99193 

P5 
2671.43 2684.222 -13.22222222 -0.49495 

P6 
2899.97 2861.222 37.77777778 1.302695 

P7 
3288.66 3269.806 18.19444444 0.553248 

P8 
3476.78 3481.222 -5.222222222 -0.1502 

P9 
3672.74 3684.972 -12.97222222 -0.3532 
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Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. viscosity 

(Y1) and mucoadhesive strength for desmopressin acetate thermoreversible in situ gel and 

shown in Figure 6.8, 6.9. Response surface plots are very helpful in learning about both the 

main and interaction effects of the independent variables [14, 18]. 

 (a) Viscosity (cps) 

Figure 6.8 showed contour plot for viscosity at prefixed values of 800, 1000, 1200, 1400, 

1600, 1800 and 2000 cps. The contour plot was found to be linear, thus the relationship 

between independent variables for viscosity could be linear.  

Figure 6.9 showed the response surface plot obtained as a function of concentration of 

carbopol 934P: concentration of chitosan for viscosity. A increase in viscosity with 

increase in the concentration of carbopol 934P: concentration of chitosan was observed. 
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Figure 6.8: Contour plot for the effect on Viscosity- pH 
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Figure 6.9: 3D surface plot for the effect on viscosity- pH 

 

(b) Mucoadhesive strength (MS) 

Figure 6.10 showed contour plot for mucoadhesive strength (Y2) at prefixed values of 

2000, 2500, 3000, 3500 and 4000 dynes/cm2. The contour plot was found to be linear, thus 

the relationship between independent variables for % yield could be linear. 

Figure 6.11 showed the response surface plot obtained as a function of concentration of 

carbopol 934P: concentration of chitosan for mucoadhesive strength. Increase in 

mucoadhesive strength with increase in the concentration of carbopol 934P: concentration 

of chitosan was observed. 
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Figure 6.10: Contour plot for the effect on Mucoadhesive strength- pH 
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Figure 6.11: 3D surface plot for the effect on mucoadhesive strength- pH 
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Optimization of pH sensitive thermoreversible in situ gel 

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. These constrains were shown in Table 6.31 for the 

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 6.12 – 6.14). The results gave one optimized solution with 

theoretical target profile characteristics which were shown in Table 6.32. 

Table 6.31: Constrains for pH sensitive thermoreversible in situ gel of 

desmopressin acetate 

Name 

 
Goal Lower 

limit 

 

Upper 

limit 

 

Importance 

Conc. of carbopol 934P is in range -1 1 +++ 

Conc. of chitosan is in range -1 1 +++ 

Viscosity None 956.6 1894.2 +++ 

Mucoadhesive strength None 2109.03 3672.74 +++ 

Table 6.32: Solution proposed by Design Expert 

Sol. Run Conc. of carbopol 934P Conc. of chitosan Viscosity Mucoadhesive 

strength 

1 0.535 0.514 1676.907 3151.079 

 



 

175 
 

 

Figure 6.12: Desirability ramp for optimization of pH sensitive 

thermoreversible in situ gel of desmopressin acetate  

 

  

Figure 6.13: Desirability contour plot for optimization of pH sensitive 

thermoreversible in situ gel of desmopressin acetate  
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Figure 6.14: Overlay plot for optimization of pH sensitive   

thermoreversible in situ gel of desmopressin acetate  

 

Figure 6.12 showed desirability ramp for optimization of pH sensitive thermoreversible in 

situ gel formulation. The dot on each ramp reflected the factor setting or response 

prediction for that solution. The height of the dot showed how desirable it is. 

 

Figure 6.13 showed desirability contour plot for optimization of pH sensitive 

thermoreversible in situ gel formulation. The contour plot with graduated colours – cool 

blue for lower desirability and warm yellow for higher. Design Expert software shows flag 

at the optimal point.  

 

Figure 6.14 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. viscosity and mucoadhesive strength for 

desmopressin pH sensitive thermoreversible in situ gel were selected. The point indicating 

toggle flag showed the coded value of X1= -0.133226 and X2= 0.760893 for optimized 

formulation. The actual value of X1 and X2 was shown in Table 6.33. The batch PO was 

prepared (n=3) and responses were measured. The predicted responses were calculated 
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using the reduced model equation. There was no significant difference in the predicted and 

actual responses. 

 

Table 6.33: 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

178 
 

6.3.2.3 Optimization of ion sensitive thermoreversible insitu gel of 

desmopressin acetate using factorial design [8-11] 

The concentration of gellan gum and HPMC E4M play important role in formation of ion 

sensitive thermoreversible insitu gel hence concentration of gellan gum and HPMC E4M 

were selected as independent variables in factorial design on the basis of the results of 

preliminary trials (Table 6.5). The 32 factorial design was employed using concentration of 

gellan gum and HPMC E4M as independent variable X1 and X2. The viscosity (Y1) and 

mucoadhesive strength (Y2) were selected as dependent variables. The coded and actual 

value of independent variable was shown in Table 6.10. The runs and responses for 

factorial batches were presented in Table 6.11. 

 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05 was considered non-

significant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

 

(a) Viscosity (Y1)  

A full model equation of viscosity (YFV) was written as Equation 6.9. 

For viscosity, 

YFV = 175.922 + 17.6333X1 + 59.3333X2 + 3.0666X1
2 - 7.43X2

2 + 0.275X1X2 ……… 

(Equation 6.9) 

The results of coefficients estimated by multiple regression for viscosity was presented in 

Table 6.34. 
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Table 6.34: Coefficients estimated by multiple linear regression for viscosity (Y1) 

Factors Coefficients Calculated t values p-values 

Intercept 175.9222 51.72059 1.59E-05 

X1 17.63333 9.464912 0.0025** 

X2 59.33333 31.84791 6.8E-05 

X1
2 3.066667 0.95036 0.412042 

X2
2 -7.43333 -2.30359 0.104643 

X1X2 0.275 0.120523 0.911688 

**very significant (p<0.01), *significant (p<0.05) 

 

The viscosity for batch I1 to I9 ranges from 97.3 to 248.1 cps. The coefficient of X1 was 

17.63333 and X2 was 59.33333, which indicated that positive value of X1 and X2 was 

predominantly increasing viscosity of ion sensitive thermoreversible insitu gel. The 

regression coefficient of X1
2 was 3.066667, X2

2 was -7.43333 and X1X2 was -0.275, which 

indicated their positive influence on viscosity. Coefficients of the two independent 

variables in Equation 6.9 were compared, the value for the variable X2 (b2= 59.33333) was 

found to be maximum and hence the variable X2 was considered to be a major contributing 

variable for viscosity. 

The reduced model for viscosity (YRV) was presented as Equation 6.10. 

For viscosity, 

YRV = 173.011 + 17.633X1 + 59.333X2 …………. (Equation 6.10) 

The summary of full and reduced model for viscosity was presented in Table 6.35 

Table 6.35: Summary of full and reduced model for viscosity (Y1) 

Response (YFV) (YRV) 

Model Full Reduced 

b0 175.9222 173.011  

b1 17.63333 17.633 

b2 59.33333 59.333 
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b11 3.066667 _ 

b22 -7.43333 - 

b12 0.275 - 

R2 0.9973 

 

0.9917 

  

The results of ANOVA were present in Table 6.36. 

Table 6.36: ANOVA of full model and reduced model for viscosity (Y1) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 23117.89 4623.57 222.019 0.9986 

 

 

0.9973 

 

0.9928 

  RM 2 22988.27 11494.14 359.013 0.9958 

 

0.9917 0.9889 

 Error FM 3 62.4752 20.8250  

 RM 6 192.095 32.0159 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 192.095- 62.4752 = 129.619 

No. of parameters omitted = 3 

MS of Error (full model) = 20.8250 

F calculated = (129.619/3) / 20.8250 = 2.0747 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 6.10. The calculated F value for viscosity was 2.0747 which was less than the 

tabulated F value 9.28 , so it was concluded that the neglected terms did not significantly 

contributed in the prediction of viscosity. The goodness of fit of the model was checked by 

the determination coefficient (R2). In the case of viscosity, the values of the determination 

coefficients (R2=0.9973 for full model and 0.9917 for reduced model) indicated that over 

90% of the total variations are explained by the model. The values of adjusted 

determination coefficients (adj R2= 0.9928 for full model and 0.9889 for reduced model) 

for viscosity. The values of correlation coefficients (R=0.9986 for full model and 0.9958 

for reduced model) for viscosity. 
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 The predicted values along with their actual value for viscosity were shown in Table 6.37 

for viscosity which showed about the present error which should be minimal. 

 

Table 6.37: Observed and predicted responses for viscosity (Y1) 

Batch No Observed 

viscosity 
Predicted 

viscosity 
Residual Values % Error 

I1 97.3 94.86389 2.436111 2.503711 

I2 107.7 109.1556 -1.45556 -1.35149 

I3 128.6 129.5806 -0.98056 -0.76248 

I4 156.2 161.3556 -5.15556 -3.30061 

I5 179.4 175.9222 3.477778 1.938561 

I6 198.3 196.6222 1.677778 0.846081 

I7 215.7 212.9806 2.719444 1.260753 

I8 225.8 227.8222 -2.02222 -0.89558 

I9 248.1 248.7972 -0.69722 -0.28102 

 

 

(b) Mucoadhesive strength (Y2) 

A full model equation of mucoadhesive strength (YFMS) was written as Equation 6.11. 

 

For of mucoadhesive strength (MS),  

YFMS = 2870.8555 + 190.3666X1 + 478.65X2 + 47.4666X1
2 - 92.1833X2

2 -

110.975X1X2……… (Equation 6.11) 

The results of coefficients estimated by multiple regression for mucoadhesive strength 

(MS) was presented in Table 6.38. 
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Table 6.38: Coefficients estimated by multiple linear regression for mucoadhesive 

strength (MS) (Y2) 

Factors Coefficients Calculated t values p-values 

Intercept 2870.8555 48.6892 1.91E-05 

X1 190.3666 5.894563 0.009747** 

X2 478.65 14.82104 0.000666** 

X1
2 47.4666 0.848572 0.458462 

X2
2 -92.1833 -1.64798 0.197915 

X1X2 -110.975 -2.80569 0.067533 

**very significant (p<0.01), *significant (p<0.05) 

 

The mucoadhesive strength for batch I1 to I9 ranges from 2020.18 to 3421.73 dynes/cm2. 

The coefficient of X1 was 190.3666 and X2 was 478.65, which indicated that positive value 

of X1 and X2 was predominantly increasing mucoadhesive strength of ion sensitive 

thermoreversible gel. The regression coefficient of X1
2 was 47.4666, X2

2 was -92.1833 and 

X1X2 was -110.975, which indicated their negetive influence on mucoadhesive strength. 

Coefficients of the two independent variables in Equation 6.11 were compared, the value 

for the variable X2 (b2= 478.65) was found to be maximum and hence the variable X2 was 

considered to be a major contributing variable for mucoadhesive strength. 

The reduced model for mucoadhesive strength (YRMS) was presented as Equation 6.12.  

For mucoadhesive strength (MS), 

YRMS = 2841.083 + 190.36X1 + 478.65X2…………. (Equation 6.12) 

The summary of full and reduced model for mucoadhesive strength was presented in Table 

6.39. 
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Table 6.39: Summary of full and reduced model for mucoadhesive strength (Y2) 

Response (YFMS) (YRMS) 

Model Full Reduced 

b0 2870.8555 2841.083 

b1 190.3666 190.36 

b2 478.65 478.65 

b11 47.4666 _ 

b22 -92.1833 - 

b12 -110.975 - 

R2 0.9888 0.9467 

  

The results of ANOVA were present in Table 6.40. 

Table 6.40: ANOVA of full model and reduced model for mucoadhesive strength 

(MS) (Y2) 

  DF SS MS F R R2 Ad. R2 

Regression FM 5 1662835 332567 53.1434 0.9944 

 

 

0.9888 0.9702 

  RM 2 1592066 796033 53.3588 0.9730 

 

0.9467 

 

0.9290 

 Error FM 
3 18773.76 6257.918 

 
 RM 6 89510.86 14918.48 

 

FM = full model, RM = Reduced model 

SSE2-SSE1 = 89510.86- 18773.76 = 70737.1 

No. of parameters omitted = 3 

MS of Error (full model) = 6257.918 

F calculated = (70737.1/3) / 6257.918= 3.767 

F tabulated = 9.28  

The F–statistic of the results of ANOVA confirmed the omission of non-significant terms 

of Equation 6.12. The calculated F value for mucoadhesive strength was 3.767 which was 

less than the tabulated F value 9.28 , so it was concluded that the neglected terms did not 
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significantly contributed in the prediction of mucoadhesive strength. The goodness of fit of 

the model was checked by the determination coefficient (R2). In the case of mucoadhesive 

strength, the values of the determination coefficients (R2=0.9888 for full model and 0.9467 

for reduced model) indicated that over 90% of the total variations are explained by the 

model. The values of adjusted determination coefficients (adj R2= 0.9702 for full model 

and 0.9290 for reduced model) for mucoadhesive strength. The values of correlation 

coefficients (R=0.9944 for full model and 0.9730 for reduced model) for mucoadhesive 

strength. 

The predicted values along with their actual value for mucoadhesive strength were shown 

in Table 6.41 for mucoadhesive strength which showed about the present error which 

should be minimal. 

 

Table 6.41: Observed and predicted responses for mucoadhesive strength (MS)  (Y2) 

Batch No Observed MS Predicted MS Residual Values % Error 

I1 
2020.18 2046.147222 -26.0472 -1.28935 

I2 
2276.52 2300.022222 -23.5222 -1.03325 

I3 
2698.41 2648.830556 49.56944 1.836987 

I4 
2792.12 2727.955556 64.14444 2.297338 

I5 
2893.87 2870.855556 22.94444 0.792864 

I6 
3021.63 3108.688889 -87.0889 -2.88218 

I7 
3187.31 3225.397222 -38.0972 -1.19528 

I8 
3257.98 3257.322222 0.577778 0.017734 

I9 
3421.73 3384.180556 37.51944 1.096505 
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Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. viscosity 

(Y1) and mucoadhesive strength for desmopressin acetate ion sensitive thermoreversible in 

situ gel and shown in Figure 6.15, 6.16. Response surface plots helpful in learning about 

both the main and interaction effects of the independent variables [14, 18]. 

 

 (a) Viscosity (cps) 

Figure 6.15 showed contour plot for viscosity at prefixed values of 50, 100, 150, 200 and 

250 cps. The contour plot was found to be linear, thus the relationship between 

independent variables for viscosity could be linear.  

Figure 6.16 showed the response surface plot obtained as a function of concentration of 

gellan gum: concentration of for viscosity. A increase in viscosity with increase in the 

concentration of gellan gum: concentration of HPMC E4M was observed. 
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Figure 6.15: Contour plot for the effect on Viscosity - Ion 



 

186 
 

-1  

-0.5  

0  

0.5  

1  

  -1

  -0.5

  0

  0.5

  1

50  

100  

150  

200  

250  

Vi
sc

os
ity

 (c
ps

)

A: Gellan gum (mg)B: HPMC E4M (mg)

3D Surface
Factor Coding: Actual

Design Points:

Above Surface

Below Surface

97.3 248.1

X1 = A: Gellan gum

X2 = B: HPMC E4M

Factor Coding: Actual

Design Points:

Above Surface

Below Surface

97.3 248.1

X1 = A: Gellan gum

X2 = B: HPMC E4M

 

 

Figure 6.16: 3D surface plot for the effect on viscosity – Ion 

 

(b) Mucoadhesive strength (MS) 

Figure 6.17 showed contour plot for mucoadhesive strength (Y2) at prefixed values of 

2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400, and 3600 dynes/cm2. The contour plot 

was found to be linear, thus the relationship between independent variables for % yield 

could be linear. 

Figure 6.18 showed the response surface plot obtained as a function of concentration of 

gellan gum: concentration of HPMC E4M for mucoadhesive strength. Increase in 

mucoadhesive strength with increase in the concentration of gellan gum: concentration of 

HPMC E4M was observed. 
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Figure 6.17: Contour plot for the effect on Mucoadhesive strength- Ion  
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Figure 6.18: 3D surface plot for the effect on Mucoadhesive strength – 

Ion 
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Optimization of ion sensitive thermoreversible in situ gel 

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. These constrains were shown in Table 6.42 for the 

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 6.19 – 6.21). The results gave one optimized solution with 

theoretical target profile characteristics which were shown in Table 6.43. 

 

Table 6.42: Constrains for ion sensitive thermoreversible in situ gel of 

desmopressin acetate  

Name 

 
Goal Lower 

limit 

 

Upper 

limit 

 

Importance 

Conc. of gellan gum is in range -1 1 +++ 

Conc. of HPMC E4M is in range -1 1 +++ 

Viscosity None 97.3 248.1 +++ 

Mucoadhesive strength None 2020.18 3421.73 +++ 

 

Table 6.43: Solution proposed by Design Expert 

Sol. Run Conc. of gellan gum Conc. of HPMC 

E4M 

Viscosity Mucoadhesive 

strength 

1 - 0.696 - 0.374 138.550 2529.605 
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Figure 6.19: Desirability ramp for optimization of ion sensitive 

thermoreversible in situ gel of desmopressin acetate   

 

Figure 6.20: Desirability contour plot for optimization of ion sensitive 

thermoreversible in situ gel of desmopressin acetate 
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Figure 6.21: Overlay plot for optimization of ion sensitive 

thermoreversible in situ gel of desmopressin acetate 

 

Figure 6.19 showed desirability ramp for optimization of ion sensitive thermoreversible in 

situ gel formulation. The dot on each ramp reflected the factor setting or response 

prediction for that solution. The height of the dot showed how desirable it is. 

 

Figure 6.20 showed desirability contour plot for optimization of ion sensitive 

thermoreversible in situ gel formulation. The contour plot with graduated colours – cool 

blue for lower desirability and warm yellow for higher. Design-Expert software shows flag 

at the optimal point.  

 

Figure 6.21 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. viscosity and mucoadhesive strength for 

desmopressin ion sensitive thermoreversible in situ gel were selected. The point indicating 

toggle flag showed the coded value of X1= 0.525589 and X2 = 0.948267 for optimized 

formulation. The actual value of X1 and X2 was shown in Table 6.44. The batch IO was 

prepared (n=3) and responses were measured. The predicted responses were calculated 
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using the reduced model equation. There was no significant difference in the predicted and 

actual responses. 

 

Table 6.44: 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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6.3.3 Results of evaluation parameters of temperature sensitive, 

pH sensitive or ion sensitive thermoreversible in situ gel of 

factorial design batches [19-30] 

6.3.3.1 Results of evaluation parameter of temperature sensitive 

thermoreversible insitu gel of desmopressin acetate 

 

 

Table 6.45: 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 

strength 

(sec) 

Mucoadhes

sive 

strength 

(dynes/cm2) 
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 

 

The preliminary studies showed that minimum concentration of Pluronic F127 that formed 

gel below 35°C was 18.5%w/w. It was observed that as the pluronic F127 concentration 

increased, the gelation temperature decreased.  
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1) Inflection Point 

All the prepared gels showed a sudden change in viscosity at temperature range of 29-

34°C. 

 

2) Gelation temperature  

If gelation temperature is lower than 25°C, a gel might be formed at room temperature 

leading to difficulty in manufacturing, handling and administering. If the gelation 

temperature is higher than 37°C, it would not form gel at the temperature of the nasal 

cavity resulting in rapid nasal clearance. All formulations showed gelation temperature 

between 25°C to 37°C. 

 

3) pH of the gel 

The pH of all batches was found to be in range of 4.5-5.03. Lysozyme is present in nasal 

secretions which is responsible for destroying certain microbes at acidic pH. Under 

alkaline pH lysozyme is inactive and nasal tissue is susceptible to microbial infection. Low 

pH acts as hypertonic solutions causing the shrinkage of epithelial cells and also inhibits 

ciliary Activity. It was therefore advisable to keep the pH of formulation in the range of 

4.5-6.5. 

 

4) % Drug Content 

The percentage drug content of all the batches was found to be in the range of 97.62 -

99.8%.  

 

5) Viscosity 

Viscosity of all batches showed that there was increase in viscosity with increase in 

temperature.  

 

6) Gel strength 

At high gel strength, difficult to insert the gel and at low gel strength the gel leaked from 

nasal cavity. It has been previously reported that the optimal in situ gelling and 

mucoadhesive liquid gels must have suitable gel strength, in the range of 20 to 60 seconds. 

All batches showed gel strength between 21-52 sec.  
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7) Mucoadhesive strength 

Mucoadhesive strength of formulation was found to be between 2011.22-3800.34 

dynes/cm2. 

 

 

6.3.3.2 Results of evaluation parameter of pH sensitive thermoreversible 

insitu gel of desmopressin acetate 

 
Table 6.46: pH, gelling capacity, viscosity, drug content, gel strength, mucoadhessive 

strength 

 

Batches 
pH Gelling 

capacity 

Viscosity 

(cps) 
Drug 

content 

(%) 

Gel 

strength 

(sec) 

Mucoadhessiv

e 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 

P9 4.50 6.60 +++ 1177.4 1894.2 98.58 51.44 3672.74 

PO 4.45 6.62 +++ 1027.8 1656.12 99.2 46.92 3250.14 

 
+        Gels after a few minutes, dissolves rapidly  

++      Gels within 1-2 minutes, remains for 1-2 hours 

+++    Gels immediately, remain for extended period 

 

1) pH 

pH of all batches was found to be between 4.03 to 6.62 that is within the range, which was 

presented in the Table 6.46. 

 

2) % Drug content 

The percentage drug content of all the formulations was found to be in the range of 97.95 -

99.81% and found satisfactory. Drug content is listed in Table 6.46. 
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3) Viscosity 

Viscosities of all batches were measured at formulation pH and pH 7.4. It was observed 

that as the pH increases viscosity also increases. Mucoadhesive polymer chitosan is also 

having synergistic effect with pH. Viscosities of all the formulations at 10 rpm are shown 

in Table 6.46.  

 

4) Gel strength 

Gel strength was recorded for all the formulations by using laboratory designed apparatus. 

It was observed that gel strength is showing synergistic effect with the viscosity, as the 

polymer concentration and pH increases gel strength also increases. Gel strength for the 

formulations is noted in Table 6.46. 

 

5) Mucoadhesive strength 

Results reveal that increase in carbopol 934P and chitosan concentration increases the 

mucoadhesive strength. Mucoadhesive strength is listed in Table 6.46. 
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6.3.3.3 Results of evaluation parameter of ion sensitive thermoreversible 

insitu gel of desmopressin acetate 

 

Table 6.47: pH, gelling capacity, viscosity, %drug content, gel strength, 

mucoadhessive strength 

 

Formulati

on 
pH 

Gelling 

capacity 

Viscosity 

(cps) 
Drug 

content 

(%) 

Gel 

strength 

(sec) 

Mucoadhessiv

e 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 +++ 87.21 252.12 99.35 41.57 3418.19 

 

+        Gels after a few minutes, dissolves rapidly 

++      Gels within 1-2 minutes, remains for 1-2 hours 

+++    Gels immediately, remain for extended period 

 

1) pH of gel 

The pH of all batches was found in the range of 5.69-6.10 as shown in Table 6.47. 

 

2) % Drug content 

% drug content of all batches was found in range 97.63-99.47%. The results were shown in 

Table 6.47. 

 

3) Viscosity and rheological study 

Viscosity of all batches was studied using brookfield viscometer. The increase in viscosity 

of formulations was observed after sol to gel transition. A large change in viscosity of 

formulations was observed with gelling polymer gellan gum as compared to HPMC E4M.  
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4) Gel strength 

Gel strength of all the batches was found between 23.01 sec to 52.85 sec as shown in Table 

6.47 and considered suitable for nasal administration. 

 

5) Mucoadhesive strength  

Result demonstrates that variation in concentration of HPMC E4M and gellan gum changes 

mucoadhesive strength due to wetting and swelling of HPMC, which permits intimate 

contact with nasal tissue, interpenetration of mucoadhesive HPMC chains with mucin 

molecules leading to entanglement and formation of weak chemical bonds between 

entangled chains. Mucoadhesion strength of all batches was shown in Table 6.47. 

 

6) Gelation study 

In vitro gelation study was carried out by using simulated nasal fluid. Gelation was 

assessed on a scale ranging between + and +++ as shown in Table 6.47. Formulation I1 

showed less gelation as compared to IO. This indicates that with an increase in 

concentration of gellan gum, gelation point increases.  
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6.3.4 Results of Evaluation parameters of temperature sensitive 

(Batch-TO), pH sensitive (Batch-PO) or ion sensitive (Batch-IO) 

thermoreversible in situ gel of desmopressin acetate 

 

1)  Ex-vivo drug diffusion study of thermoreversible insitu gel 

Ex vivo drug diffusion was observed for plain drug, temp sensitive, pH sensitive and ion 

sensitive thermoreversible gel (optimized formulation) exhibited good drug release profile 

with favorable gelation and rheological properties. The results of these studies are recorded 

in Table 6.48. Percent drug diffusion for drug formulations were plotted against time (t) 

and shown in Figure 6.22. The results showed that the drug released from temp sensitive, 

pH sensitive and ion sensitive thermoreversible gel was respectively 89.9%, 91.3% and 

88.8% after 480 min [31, 32]. 

Table 6.48: % Drug Diffusion at different time point 

Time 

(min) 

% Drug Diffused (Mean±SEM) 

Plain drug 

Temperature 

sensitive 

thermoreversible 

gel (Batch-TO) 

pH sensitive 

thermoreversible gel 

(Batch-PO) 

Ion sensitive 

thermoreversible 

gel (Batch-IO) 

0 0 0.00 0.00 0.00 

15 2.1±1.927 7.4±0.165 9.2±0.329 6.7±0.423 

30 6.6±0.321 16.9±0.743 14.9±0.637 13.6±1.210 

45 13.9±2.856 22.1±0.529 21.6±0.472 24.8±1.673 

60 20.8±0.672 33.8±0.512 29.7±1.583 31.9±0.321 

90 24.1±1.624 47.9±1.056 38.0±1.492 37.5±1.543 

120 32.7±0.562 58.2±0.927 52.5±0.932 49.4±0.274 

180 38.6±1.892 66.5±0.837 59.4±0.430 57.1±0.954 

240 45.2±2.561 71.1±1.372 67.9±1.102 68.0±1.722 

300 51.8±1.842 78.0±1.639 80.1±0.628 74.2±0.197 

360 59.2±2.912 83.6±0.972 85.8±0.378 80.5±0.390 

420 61.8±1.231 86.3±1.184 87.7±0.179 84.1±0.289 

480 63.1±0.912 89.9±0.295 91.3±1.378 88.8±0.756 
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Figure 6.22: Comparative ex vivo drug diffusion of plain drug, temp 

sensitive, pH sensitive and ion sensitive thermoreversible insitu gel  

 

2) Nasal toxicity study of thermoreversible insitu gel 

The mucosa treated with phosphate buffer pH 7.0 showed intact epithelial layer without 

any damage while mucosa treated with isopropyl alcohol (mucociliary toxic agent) showed 

complete destruction of epithelial layer and even deeper tissues. The nasal mucosa treated 

with test preparation showed reversible contraction of epithelial layer after 1 hr washing 

and no damage to the other parts of mucosa were observed [33,34].  

 

 

      

                                         

Figure 6.23a: PBS pH 7.0 Figure 6.23b: IPA 



 

200 
 

         

 

 

 

                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.23c: Temp sensitive 

thermoreversible insitu gel 

batch TO                                                                          

Figure 6.23d: pH sensitive 

thermoreversible insitu gel 

batch PO                                                                          

Figure 6.23e: Ion sensitive 

thermoreversible insitu gel 

batch IO                                                                          
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3) In-vivo study for antidiuretic activity 

Effect of thermoreversible insitu gel of desmopressin acetate on urine volume, serum 

sodium and potassium concentration shown in table 6.49 [35-41] 

 

Table 6.49: 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. Occasionally, excess water retention leads to hyponatremia and 

hypokalamia. Thermoreversible insitu gel did not significantly change serum sodium and 

potassium concentration (Normal value Sodium: 135-155 mmol/lit, Potassium: 3.5-5.5 

mmol/lit) in rats even at those doses that significantly decreased urine volume.  
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4)  Stability study 

The stability of the batch TO, PO and IO was assessed under different storage conditions as 

per ICH guidelines and the results obtained are as shown in Table 6.50 [42]. 

 

Table 6.50: Effect of storage condition on thermoreversible insitu gel 

Samplin

g time 

(days) 

% Drug retain (% Assay)* (n=3) 

 

Room condition (30 ± 2 °C with 60 ± 5 % 

RH) 
Refrigerated condition 

(2 - 8 oC ) 
Batch TO Batch PO Batch IO Batch TO Batch PO Batch I O 

0 99.6± 0.053 98.07± 0.021 99.16± 0.032 99.6± 0.053 98.07± 0.021 99.16± 0.032 

15 99.4± 0.029 97.57± 0.043 99.05± 0.026 99.6± 0.034 98.06± 0.041 99.14± 0.012 

30 98.74± 0.042 95.64± 0.028 98.09± 0.010 99.5± 0.016 98.01± 0.025 99.11± 0.027 

45 97.34± 0.027 93.99± 0.017 96.56± 0.029 99.45± 0.022 97.99± 0.041 99.05± 0.019 

60 94.01± 0.018 89.15± 0.010 93.49± 0.039 99.42± 0.043 97.97± 0.017 99.00± 0.033 

75 90.43± 0.014 87.89± 0.073 86.99± 0.051 99.32± 0.023 97.94± 0.031 98.96± 0.057 

90 88.87± 0.054 85.65± 0.026 83.76± 0.024 99.20± 0.011 97.89± 0.018 98.91± 0.063 

105 84.73± 0.064 83.87± 0.017 81.33± 0.042 98.89± 0.015 97.87± 0.046 98.84± 0.055 

120 82.37± 0.057 80.81± 0.035 79.55± 0.027 98.80± 0.037 97.80± 0.029 98.78± 0.011 

 

 

 

         
 

 

 

 

Figure 6.24: Stability profile of  

batch TO: % Assay vs. Time (Days)      

 

Figure 6.25: Stability profile of batch 

PO: % Assay vs. Time (Days)      
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From the % assay determination of the thermoreversible insitu gel stored at different 

temperature conditions, it was found that there is significant decrease in the % assay of the 

drug when stored at room temperature so optimum storage condition for thermoreversible 

insitu gel is refrigerated condition (2-8 °C).  

 

 

6.4 Conclusion 

In-situ gel is polymeric solution which can be administrated as liquid, but upon exposure to 

the physiological environments, undergoes a phase transition to semisolid gel. Gel 

formation may depend on factors like temperature, pH change, presence of ions, etc. The 

formulation in the liquid state is easy to be administered and on gelation after 

administration, increases the residence time and the drug gets released in a sustained and 

controlled manner, and thus the in-situ gel incorporate the benefits of both the state. The 

present study was aimed to explore temperature sensitive, pH sensitive or ion sensitive 

stable thermoreversible in situ gel formulation development using 32 factorial design for 

bioavailability improvement of desmopressin acetate. On the basis of results of preliminary 

trials, concentration of pluronic F127 and pluronic F68 were used for formulation 

development of temperature sensitive thermoreversible in situ gel, concentration of 

carbopol 934P and chitosan were used for formulation development of pH sensitive 

thermoreversible in situ gel and concentration of gellan gum and HPMC E4M were used 

for formulation development of ion sensitive thermoreversible in situ gel. The 32 factorial 

design was employed using concentration of pluronic F127 and pluronic F68 in 

Figure 6.26: Stability profile of batch IO: % Assay 

vs. Time (Days)      
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temperature sensitive thermoreversible in situ gel as independent variables, concentration 

of carbopol 934P and chitosan in pH sensitive thermoreversible in situ gel as independent 

variables and concentration of gellan gum and HPMC E4M in ion sensitive 

thermoreversible in situ gel as independent variables. The viscosity and mucoadhesive 

strength (MS) were selected as dependent variables. Multiple regression analysis, contour 

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

variables on the responses. The optimized batch was selected using Design Expert 

employing overlay plot with desirability approach. The batch containing 1988.67 mg of 

pluronic F127 and 305.33 mg of pluronic F68 was selected as optimized temperature 

sensitive thermoreversible in situ gel formulation. The batch containing 27.335 mg of 

carbopol 934P and 45.22 mg of chitosan was selected as optimized pH sensitive 

thermoreversible in situ gel formulation and the batch containing 40.53 mg of gellan gum 

and 19.74 mg of HPMC E4M was selected as optimized ion sensitive thermoreversible in 

situ gel formulation. The optimized formulation was subjected to nasal toxicity study, ex 

vivo drug release study and in vivo study. The stability study for optimized batch was 

conducted at room temperature (30°C ± 2°C/65% RH ± 5% RH) and in refrigerator 

temperature (2- 8˚C). The optimized formulation was found stable at refrigerator 

temperature (2- 8˚C).  
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CHAPTER 7 

Summary 

 

7. Summary 

Desmopressin is given by oral or parental routes in treatment of central diabetes insipidus 

and nocturnal enuresis. It has a low oral bioavailability. IV, IM, SC administration is an 

alternative, however, dislike of injection or inability to self administer makes treatment 

unacceptable to individual. The intranasal route may be a viable alternative for self 

administration, whereby these limitations could be overcome. The problem associated with 

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

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

the olfactory pathway. Hence, there is need of formulation that would increase residence 

time in the nasal cavity and at the same time increase absorption of the drug. The aim of 

present investigation was to design and develop dry nasal powder and thermoreversible 

insitu gel of anti-diuretic hormone, desmopressin acetate to deliver it to the brain in order 

to enhance drug residence time at absorption site, dry powder will improve the stability of 

peptide hormone due to its dry form and increase bioavailability of drugs and perform the 

evaluation studies. 

 

Outline of Chapter 1 Aim and Objectives: 

The Chapter 1 summarized the aim and objectives. There is a need exists for developing a 

formulation of desmopressin acetate, which provides improved bioavailability and stability 

of peptide hormone. The aim of present investigation was to design and develop dry nasal 

powder and thermoreversible insitu gel of anti-diuretic hormone, desmopressin acetate to 

deliver it to the brain in order to enhance drug residence time at absorption site, dry nasal 

powder will improve the stability of peptide hormone due to its dry form, increase 

bioavailability of drugs and perform the evaluation studies. 

The objectives of the present research work were: 
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➢ To formulate and evaluate dry nasal powder and thermoreversible insitu gel of 

desmopressin.  

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

➢ To improve the stability of desmopressin acetate. 

➢ To improve patient compliance. 

➢ To avoid extensive first pass metabolism of drug. 

 

Outline of Chapter 2 Introduction: 

This chapter described the introduction to use desmopressin acetate in nocturnal enuresis 

(bedwetting), central diabetes insipidus, prevalence and causes of nocturnal enuresis 

(bedwetting) and central diabetes insipidus, central nervous system, drug delivery to the 

CNS, strategies for enhanced CNS drug delivery, intranasal delivery for brain targeting 

with advantage and limitation, current marketed formulation of desmopressin acetate , 

mucoadhesive agents, spray drying method and in situ gels methods, methods for 

preparation of dry nasal powder and thermoreversible insitu gel, evaluation parameters of 

nasal formulation, selection of nasal route of drug delivery and need for the present 

investigation. 

 

Outline of Chapter 3 Review of Literature: 
In review of literature, Nasal powder and thermoreversible in situ gel as drug delivery 

system with specific advantages and limitations, Desmopressin as model drugs with their 

chemical, pharmacological and physico-chemical properties were summarized from the 

available library, website sources and prior arts.  

 

Outline of Chapter 4 Materials and Methods: 

It mentioned the list of various materials and instruments used in this research work with 

their source. It also described all the methods in details such as analytical method, 

formulation method, characterization method, stability study and in vivo study which were 

explored in the present investigation.  
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Outline of Chapter 5 Formulation & Evaluation of dry nasal powder of 

desmopressin acetate by spray drying: 

Dry nasal powder of desmopressin acetate was prepared using three different polymers like 

HPMC, carbopol or chitosan by spray drying method. Preliminary trials for dry nasal 

powder containing HPMC, carbopol or chitosan were carried out and optimization of 

formulation done using process parameter aspiration speed and feed rate and formulation 

parameter like polymer concentration. Formulation was optimized using 32 factorial 

design. Polymer concentration and feed rate was taken as independent variables and 

particle size and % yield was taken as dependent variables. Multiple regression analysis, 

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

of the variables on the responses. The optimized batch was selected on the basis arbitrary 

criteria using Design Expert employing overlay plot with desirability approach. The batch 

containing 41.32 mg of HPMC (Methocel E5) and 6.08 ml/min of feed rate was selected as 

optimized dry nasal powder containing HPMC formulation, the batch containing 27.38 mg 

of carbopol and 5.89 ml/min feed rate was selected as optimized dry nasal powder using 

carbopol formulation and the batch containing 6.75 mg of chitosan and 5.93 ml/min of feed 

rate was selected as optimized dry nasal powder using chitosan formulation. The optimized 

formulation was subjected to particle size, nasal toxicity study, mucoadhesive strength, % 

yield, % drug content, scanning electron microscopy, differential scanning calorimetry, ex 

vivo drug release profile, stability study and in-vivo study. 

 

The stability study for optimized batches was conducted at room temperature and 40°C & 

75% RH. The optimized formulation was found stable at room temperature, so there is no 

need of refrigerated storage and it increases the stability of peptide hormone 

(Desmopressin acetate). Pharmacodynamic study demonstrate that after intranasal 

administration of desmopressin acetate dry nasal powder significantly decreased urine 

volume as compared to control and HCTZ.   
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Outline of Chapter 6 Formulation & Evaluation of thermoreversible 

insitu gel of desmopressin acetate: 

Thermoreversible insitu gel of desmopressin acetate were prepared using three different 

method like temperature sensitive thermoreversible insitu gel, pH sensitive 

thermoreversible insitu gel and ion sensitive thermoreversible insitu gel. Preliminary trials 

for thermoreversible insitu gel were carried out. Formulation was optimized using 32 

factorial design. Different polymer concentration was taken as independent variables and 

viscosity and mucoadhesive strength was taken as dependent variables. Multiple regression 

analysis, contour plot and 3D response surface plot were used to study the main interaction 

effects of the variables on the responses. The optimized batch was selected using Design 

Expert employing overlay plot with desirability approach. The batch containing 1988.67 

mg of pluronic F127 and 305.33 mg of pluronic F68 was selected as optimized temperature 

sensitive thermoreversible in situ gel formulation, the batch containing 27.335 mg of 

carbopol 934P and 45.22 mg of chitosan was selected as optimized pH sensitive 

thermoreversible in situ gel formulation and the batch containing 40.53 mg of gellan gum 

and 19.74 mg of HPMC E4M was selected as optimized ion sensitive thermoreversible in 

situ gel formulation. The optimized formulation was subjected to inflection point, gelation 

temperature, pH, viscosity, % drug content, gel strength, mucoadhessive strength, nasal 

toxicity study, ex vivo drug diffusion study, stability study and in-vivo study. The stability 

study for optimized batch was conducted at refrigerated condition (2-8 °C) and room 

temperature and the optimized formulation was found stable at refrigerated condition (2-8 

°C). Pharmacodynamic study demonstrates that after intranasal administration of 

desmopressin thermoreversible insitu gel significantly decreased urine volume as 

compared to control and HCTZ.  
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Future prospects 

 
In the present work, dry nasal powder and thermoreversible in situ gel of desmopressin 

acetate were prepared by using different mucoadhesive polymer and optimization of 

formulation were carried out using 32 factorial design. Dry nasal powder was developed by 

spray drying method and was found to be effective in terms of particle size, % yield, % 

drug content, nasal toxicity study, satisfactory release characteristics, stability study and in 

vivo study. Thermoreversible in situ gel of desmopressin acetate were evaluated for 

different parameter like inflection point, gelation Temp., pH, viscosity, % drug content, gel 

strength, mucoadhessive strength, nasal toxicity study, satisfactory release characteristics, 

stability study and in vivo study.  
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CHAPTER 8 

Patent filing and Paper Publication  

 

8.1 Patent Filing 

Patent Office: Mumbai Intellectual Property and Trademark office 

Date of Filing: 26th August 2019 

Patent Application No.: 201921034823 

Title of Invention: “Mucoadhesive dry nasal powder and thermo reversible in situ gel 

comprising desmopressin acetate” 

Name of inventors: Bhoomita Gopalji Hadiya and Dr. Lakshamanbhai D. Patel 
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ABSTRACT 

The present work was aimed for the formulation development of stable 

dry nasal powder of desmopressin acetate using concentration of 

mucoadhesive polymer HPMC (Methocel E5) and feed rate on the 

basis of preliminary trials. The 3
2
 factorial design was employed using 

concentration of HPMC (Methocel E5) and feed rate as independent 

variables and particle size (PS) and % yield were selected as dependent 

variables. The optimized batch was selected using Design Expert 

software employing overlay plot with desirability approach. The dry 

nasal powder formulation was evaluated for particle size, % yield, 

mucoadhesive strength, % drug content, scanning electron microscopy, 

differential scanning calorimetry, ex vivo drug diffusion study, nasal 

toxicity study, stability study and in-vivo study. The composition of optimized formulation 

consisted of 15 mg of Desmopressin acetate, 41.32 mg of HPMC (Methocel E5) as 

mucoadhesive polymer, 1443.68 mg of Mannitol as cryoprotectant and 50 ml of distill water 

showing particle size (13.23 µm), % yield (65.01), mucoadhesive strength (2709.3 

dynes/cm
2
) and % drug content (61.3 %). Dry nasal powder with mucoadhesive polymer 

HPMC (Methocel E5) increase the nasal residence time and dry form of formulation 

improves the stability of desmopressin acetate. 
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INTRODUCTION 

Many drugs are not delivered effectively and efficiently by conventional drug delivery 

approach to brain or central nervous system (CNS) due to their complexity. Intranasal drug 

delivery is one of the focused delivery options for brain targeting, as the brain and nose 

compartments are connected to each other via the olfactory route and peripheral circulation. 

One of the major disadvantages to deliver drug through nasal route is the mucocilliary 

clearance. To avoid it, there are many strategies and one of these is the use of the 

mucoadhesive polymer to increase the nasal residence time. 

 

Nasal drop is one of the most simple and convenient system for nasal delivery. Its 

disadvantage is the lack of the dose precision and therefore nasal drops may not be suitable 

for prescription products. Both solution and suspension formulations can be formulated into 

nasal sprays, but major disadvantage associated with solution and suspension dosage form is 

the leakage of formulation from the nasal cavity. The advantages to the nasal powder dosage 

form are the absence of preservative and superior stability of the formulation. 

 

Desmopressin is taken by oral or parental routes in the treatment of nocturnal enuresis or 

central diabetes insipidus. It has a low oral bioavailability. IV, IM, or SC administration is an 

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

problem related with nasal delivery of desmopressin is the 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. Hence, a desmopressin formulation which may increase 

residence time in the nasal cavity and increase absorption of the drug would be more 

beneficial. The use of mucoadhesive polymer can lengthen the residence time and enhance its 

bioavailability of drugs delivered to the nasal cavity. 

 

In spray drying, fluid mixture is sprayed into a hot dry air as a solvent, emulsion, suspension 

or dispersion. It is atomized into millions of droplets by a nozzle or a rotary wheel. The 

solvent is vaporized instantly by the hot air. The product is turned into a powder, granulate or 

agglomerate within seconds. Spray drying provides the advantage of weight and volume 

reduction and the powder is a suitable dosage for insufflation into nasal cavity.
[1,2] 
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To the best of our knowledge, no information is available in the literature on the 

improvement of Desmopressin bioavailability using mucoadhesive polymer HPMC 

(Methocel E5) by spray drying methodology. The present work described the formulation 

development of dry nasal powder of desmopressin using mucoadhesive polymer HPMC 

(Methocel E5). The 3
2
 factorial design was employed using concentration of HPMC 

(Methocel E5) and feed rate as independent variables and particle size and % yield were 

selected as dependent variables.  

 

Stability study for optimized dry nasal powder containing desmopressin was performed as per 

ICH guidelines by keeping at room temperature 30°C ± 2°C/65% RH ± 5% RH and 

accelerated condition 40°C ± 2°C/75% RH ± 5% RH for 4 months.
[3] 

The optimized 

formulation was subjected to particle size, % yield, mucoadhesive strength, % drug content, 

scanning electron microscopy, differential scanning calorimetry, ex vivo drug diffusion 

study, nasal toxicity study and in-vivo study. 

 

MATERIAL AND METHODS 

Materials 

Desmopressin acetate was gifted from Sun Pharmaceuticals, Halol for research. HPMC 

(Methocel E5) was gifted from Colorcon Asia Pvt. Ltd., Mannitol was gifted from S.D. Fine 

Chemicals. Water used in the preparation of formulations was distilled water, whereas ultra-

pure water, used in analyses, was obtained with a Milli-Q apparatus. All other chemicals and 

reagents used were of pharmaceutical grade or HPLC grade. 

 

METHODS 

Preparation of dry nasal powder
[4,5]

 

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. 

 

Preliminary Trials 

Preliminary trials were formulated without drug with varying quantity of HPMC 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 
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selected batches of respective polymer. Particle size and % yield were measured for the 

batches.  

 

3
2
 factorial design for optimization of formulation parameters of dry nasal powder of 

desmopressin acetate
[6,7]

 

The preliminary trials were carried out using different concentration of HPMC (Methocel E5) 

as mucoadhesive polymer at different feed rate and aspiration speed. On the basis of results 

of preliminary trials, concentration of HPMC (Methocel E5) (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 on the responses. The 

responses were measured for each trial and then either simple linear equation, or interactive 

equation or quadratic equation model was fitted by carrying out multiple regression analysis 

and F-statistics to identify statistically significant term. 

 

Microsoft EXCEL was used to identify non-significant terms. A coefficient is significant if ti 

> tcrit(v), where v denotes the degrees of freedom of residual variance. The refined model 

may be used for calculating the residuals or for drawing the contour plot. 

 

Contour Plot
[8]

 

Contour plot is a diagrammatic representation of values of the response and it is helpful in 

explaining visually the relationship between independent and dependent variables. The 

reduced model was used to plot two dimension contour plot using demo version of Design 

Expert 12 software. 

 

Response Surface Plot 

Response surface plot is helpful in understanding the main and the interaction effects of 

variables in the formulation development. The effect of level of independent variable on the 

response parameter can be understood from the respective response surface plot. 

 

Optimization of dry nasal powder plot 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.
[8]

 The optimization of dry nasal powder formulation was performed using 

Design Expert software employing overlay plot with desirability approach. 
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Measurement of evaluation parameters of dry nasal powder Formulations 

Particle size 

Light scattering determination was performed with a Malvern Master Sizer from Malvern 

Instruments. The dry powder dispersion was filled in the cell and the size was measured. The 

average particle size was measured after performing the experiment in triplicate. 

 

% Yield 

% Yield was calculated using the following formula 

Practical yield 

% Yield = ---------------------------------------- x 100 

Theoretical yield 

 

Mucoadhesion test  

This test was carried out by using modified physical balance. Sheep nasal mucosa was 

excised and kept in PBS pH 7.0. Nasal mucosa was cut into required size and paste on both 

balance plate then apply the formulation and kept it for 10 min. Then add weight on the other 

side of balance to detach the plate. 

  

% Drug content 

% drug content was determined by dissolving weighed quantity of dry powder in distilled 

water, then estimation was carried out using HPLC method peak due to desmopressin acetate 

was identified and area was calculated.  

 

Scanning electron microscopy (SEM) 

The morphology and size of the dry nasal powder were examined by SEM. Dry nasal powder 

was placed on the sample holder. Samples were directly examined under a JEOL JSM-

5610LV Scanning electron microscope.  

 

Differential scanning calorimetry (DSC)  

The dry nasal powder containing the drug, pure drug and polymer were characterized by DSC 

(Shimadzu, Japan) in the range of 25–300
o
C at a heating rate of 10

o
C per minute with 

average sample weights of 2-3 mg. The transition temperature of polymer as well as the 

presence of any interaction between the drug and excipient was characterized. 

 

Ex-vivo drug diffusion study 

The ex-vivo diffusion study was performed with freshly isolated sheep nasal mucosa using 

Franz diffusion cells.
[9]

 The excised nasal membrane was mounted on Franz diffusion cells 
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with phosphate buffer pH 7.0, (0.067 M) filled in receptor compartments. The Dry nasal 

powder was carried out, dissolves in 1.5 ml phosphate buffer and was transferred in the 

diffusion membrane and maintaining sink condition. At specified intervals of time, 1 ml of 

the aliquots were withdrawn, filtered and analyzed for drug content by HPLC method.
[9]

  

 

Nasal toxicity study 

Freshly excised sheep nasal mucosa was collected from the slaughter house in PBS pH7.0. 

Three sheep nasal mucosa pieces with uniform thickness were mounted on franz diffusion 

cells. One mucosa was treated with 0.5 ml of PBS pH 7.0; the other mucosa with 0.5 ml of 

isopropyl alcohol; third mucosa was treated with dry nasal powder batch HPO for 1 hr. After 

1 hr the mucosa rinsed with PBS pH 7.0 and carried to the pathological laboratory in 10% 

formalin for the preparation pathological slides. The sheep nasal mucosa treated with PBS pH 

7.0 and isopropyl alcohol were taken as positive and negative control respectively. The 

prepared pathological slides were studied under Olympus microscope for any sign of toxicity 

and the images were stored in the form of photographs.
[10]

 

 

In-vivo study for antidiuretic activity 

In-vivo study was performed on adult Wistar albino male rats. A protocol for animal studies 

was approved by Institutional Animal Ethics Committee (IAEC) and Committee for the 

Purpose of Control and Supervision of Experiments on Animals (CPCSEA). The Antidiuretic 

activity of desmopressin acetate was observed after nasal administration of dry nasal powder. 

Three groups, with six animals in each group were used in the study. Diuresis was induced by 

hydrochlorothiazide at a dose of 10 mg/kg given orally.
[11]

 

 

Group I – Control: Animals of control group were given no treatment. 

Group II - Hydrochlorothiazide Solution (HCTZ): Animals of second group were given 

Hydrochlorothiazide Solution orally. 

Group III - Nasal administration of dry nasal powder of DA batch HPO: Third group of 

animals, were administered dry powder containing desmopressin acetate equivalent to 10 

µg/kg BW. 

 

Urine samples were collected every 2 h over a period of 24 h in metabolic cage, measured 

urine volume and effect of intra nasal dose of dry powder containing desmopressin acetate on 

serum sodium and potassium concentration. 
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Stability study of optimized batch of dry nasal powder 

The stability of the formulation was assessed under different storage conditions as per ICH 

guidelines, namely, 30°C ± 2°C/65% RH ± 5% RH and 40°C ± 2°C/75% RH ± 5% RH for 4 

months. At the interval of 15 days, samples were withdrawn from the vials and subjected for 

the analysis of size and % drug retained.
[3]

 

 

RESULT AND DISCUSSION 

Preliminary Trials 

Table 1: Preliminary trials for dry nasal powder of desmopressin acetate.  

Batch 

Name 

HPMC 

(Methocel 

E5) (mg) 

Mannitol 

(mg) 
Drug 

(mg) 

Distill 

water 

(ml) 

Feed 

Rate 

(ml/min) 

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 varying amount of HPMC. Batches HA to HD were 

prepared using aspiration speed like 600 rpm, 1200 rpm, 1500 rpm and 1800 rpm and on the 

basis of effect of aspiration speed on particle size and % yield 1500 rpm was optimized as 

aspiration speed. Then batches HE to HG were prepared using different feed rate like 3, 6 and 

9 ml/min and on the basis of effect of feed rate on particle size and % yield, 6 ml/min was 

optimized as feed rate. Then, batches HH to HL were prepared using different HPMC 

(Methocel E5) concentration like 15 mg, 22.5 mg, 30 mg, 37.5 mg and 45 mg on the basis of 

effect of HPMC (Methocel E5) concentration on particle size and % yield 45 mg HPMC 

(Methocel E5) amount was optimized. After optimization of all three parameter like HPMC 

(Methocel E5) concentration, feed rate and aspiration speed, in batch HL drug was 

incorporated and analyzed for particle size and % yield. On the basis of result of preliminary 

trials batch HL was found satisfactory.  

 

 

 



www.wjpr.net                              Vol 8, Issue 10, 2019. 1518 

Hadiya et al.                                                          World Journal of Pharmaceutical Research 

Optimization of dry nasal powder of Desmopressin acetate using factorial design 

The 3
2 

factorial design was employed using concentration of HPMC (Methocel E5) and feed 

rate as independent variable X1 and X2. The particle size (PS) (Y1) and % yield (Y2) were 

selected as dependent variables. The coded and actual value of independent variable was 

shown in Table 3 and the runs and responses were presented in Table 2. Mannitol was used as 

cryoprotectant. 

 

Table 2: Factors and levels of independent variables in 3
2
 factorial design for 

formulation of dry nasal powder of desmopressin acetate. 

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 3: Experimental runs and measured responses of 3
2
 factorial design for dry nasal 

powder of desmopressin acetate.  

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 

 

Multiple regression analysis was carried out for the responses using MS Excel. The reduced 

model was obtained by using significant terms (p > 0.05 was considered non-significant and 

such termed were neglected) for all the responses. The contour and response surface plot 

were constructed using Design Expert version 12 (Demo version). 

 

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
 + 2.838 X2

2
… (Equation 1)  

The reduced model equation 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 as Equation 3 
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YFY = 64.492 - 0.971X1 + 9.076X2 + 4.837X1X2 - 9.268X1
2
 - 5.973X2

2
……… (Equation 3)

 
 

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

YRY = 60.51 - 0.971667X1 + 9.07667X2 - 9.26833X1
2
 + 4.8375X1X2 ……… (Equation 4) 

 

Table 4: ANOVA of full model and reduced model. 

Response Y1 Model DF SS MS F R R
2 Ad. R

2 

Regression 
FM 5 75.159 15.032 38.349 0.9922 0.9845 0.9589 

RM 3 74.792 24.930 80.787 0.9898 0.9797 0.9679 

Error 
FM 3 1.1761 0.3920 

 RM 5 1.5429 0.3085 

Response Y2 Model DF SS MS F R R
2 Ad. R

2 

Regression 
FM 5 836.751 167.35 17.437 0.9832 0.9667 0.9112 

RM 4 765.387 191.34 7.6476 0.9403 0.9421 0.9321 

Error 
FM 3 28.791 9.5973 

 RM 4 100.153 25.038 

 

Contour Plots and Response Surface Plots 

Two dimensional contour plots were constructed for all dependent variables i.e. particle size 

(PS) and % yield for desmopressin acetate dry nasal powder and shown in Figure 1, 2. 

Response surface plots are very helpful in learning about both the main and interaction 

effects of the independent variables.
[8]

 

 

Particle size (PS) 

Figure 1 showed contour plot for particle size (PS) at prefixed values. The contour plot was 

found to be linear, thus the relationship between independent variables for PS could be linear.  
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Figure 1: Contour plot and 3D surface plot for the effect on particle size. 
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The response surface plot showed decrease in particle Size (PS) with increase in the 

concentration of HPMC (Methocel E5): Feed rate. 
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Figure 2: Contour plot and 3D surface plot for the effect on % yield. 

 

The response surface plot showed increase in % yield with increase in the concentration of 

HPMC (Methocel E5): Feed rate. 

 

Optimization of dry nasal powder 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 dry nasal powder. The recommended 

concentrations of the independent variables were calculated by the Design Expert software 

using overlay plot with desirability approach (Figure 3). The results gave one optimized 

solution with theoretical target profile characteristics which were shown in Table 5. 
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Figure 3: Overlay plot for optimization of dry nasal powder formulation. 

 

Table 5: Solution proposed by Design Expert. 

Sol. Run Conc. Of HPMC (Methocel E5) Feed rate Particle size % Yield 

1 0.078 0.656 11.37 67.99 

 

Figure 3 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of all variables i.e. particle size and % yield for desmopressin dry nasal 

powder were selected. The point indicating toggle flag showed the coded value of X1= -

0.240051 and X2= 0.0785481 for optimized formulation. The actual value of X1 and X2 was 

shown in Table 6. 

  

Table 6: Optimized formulation of desmopressin acetate dry nasal powder-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±0.123 

% Yield (Y2) 64.778 65.0123±0.356 

 

The optimized batches were prepared n=3 and responses were measured. There was no 

significant difference between predicted and observed actual responses. Thus the derived 

model was validated using the prepared optimized check point batches. 
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Evaluation parameters of dry nasal powder Formulations -Batch HPO 

Particle size 

 

Figure 4: Particle size of batch-HPO. 

% Yield: % Yield of batch HPO was found to be 65.0123 ± 0.356 %. 

 

Mucoadhesive strength (MS): The MS of batch HPO was found to be 2709.3 dynes/cm
2
. 

% Drug content: % Drug content of batch HPO was found to be 61.3±1.091%. 

 

Scanning electron microscopy (SEM) 

The Scanning electron micrographs in Figure 5 revealed that pure desmopressin acetate 

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

spherical shape. 

 

  
I                                                                             II 

Figure 5: I) SEM Image of Desmopressin acetate, II) SEM image of batch-HPO. 
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Differential Scanning Calorimetry (DSC)     

The DSC thermogram of Desmopressin acetate shows presence of characteristic endothermic 

peak at 82.82º C indicating melting point of Desmopressin acetate. The Mannitol shows a 

sharp endothermic peak at 168.31º C indicating its melting point. The DSC thermogram of 

HPMC shows broad peak around 60.13º C indicating glass transition temperature of polymer. 

The dry nasal powder showed the presence of sharp endothermic peak around 165.80º C 

which is of Mannitol. 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. The obtained DSC thermograms are reported in Figure 6 

(a)-(d). 
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Figure 6a: DSC thermogram of Desmopressin acetate. 
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Figure 6b: DSC thermogram of Mannitol. 
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Figure 6c: DSC thermogram of HPMC (Methocel E5). 
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Figure 6d: DSC thermogram of batch-HPO. 

 

Ex-vivo drug diffusion study
[9]

 

Comparative diffusion study was carried out of plain drug and dry nasal powder of 

desmopressin acetate using diffusion cell for a period of 360 min.  

 

Table 7: % Drug Diffusion at different time point. 

Time (min) 
Ex vivo drug release study (% drug diffused) (Mean±SEM) 

Plain drug Batch-HPO 

0 0.00 0.00 

15 2.1±1.927 2.9±0.190 

30 6.6±0.321 7.3±2.718 

45 13.9±2.856 17.6±1.391 

60 20.8±0.672 26.4±1.021 

90 24.1±1.624 39.0±1.308 

120 32.7±0.662 47.9±0.928 

180 38.6±1.892 54.1±3.109 

240 45.2±2.561 68.7±1.206 

300 51.8±1.824 76.5±1.046 

360 59.2±2.912 84.9±1.265 
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Figure 7: Comparative ex vivo drug diffusion of plain drug and dry nasal powder of 

desmopressin acetate batch HPO. 

 

Nasal toxicity study 

The mucosa treated with PBS pH 7.0 showed intact epithelial layer without any damage 

while mucosa treated with isopropyl alcohol (mucociliary toxic agent) showed complete 

destruction of epithelial layer and even deeper tissues. The nasal mucosa treated with test 

preparation batch HPO showed reversible contraction of epithelial layer after 1 hr washing 

and no damage to the other parts of mucosa were observed.
[10]

 

 

   

I                                              II                                            III 

Figure 8: I) PBS pH 7.0, II) IPA, III) Dry nasal powder batch HPO. 

 

In-vivo study for antidiuretic activity 

Effect of dry nasal powder of desmopressin acetate on urine volume, serum sodium and 

potassium concentration shown in Table 8.
[11]
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Table 8: 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 batch HPO + HCTZ 
1.3 ± 0.87 140.2 ± 0.43 3.8 ± 0.17 

 

Results demonstrated that after intranasal administration of desmopressin acetate dry nasal 

powder urine volume was significantly decreased as compared to control and HCTZ.  

 

Stability study 

The stability of the formulation was assessed under different storage conditions as per ICH 

guidelines and the results obtained are as shown in Table 9.
[3]

 

 

Table 9: Effect of storage condition on dry nasal powder of desmopressin acetate. 

Sampling 

time 

(days) 

Dry nasal powder of desmopressin acetate-% Drug retain (% Assay) (n=3) 

Room condition (30 ± 2 °C with 60 ± 

5 % RH) Batch HPO 
Accelerated temp.(40°C ± 2°C/75% 

RH ± 5% RH) Batch HPO 

0 99.60 ± 0.027 99.60 ± 0.027 

15 99.59 ± 0.021 97.39 ± 0.029 

30 99.52 ± 0.087 93.54 ± 0.016 

45 99.49 ± 0.035 89.27 ± 0.014 

60 99.46 ± 0.026 82.33 ± 0.026 

75 99.30 ± 0.075 76.03 ± 0.011 

90 99.21 ± 0.011 71.47 ± 0.056 

105 99.03 ± 0.065 69.38 ± 0.059 

120 98.97 ± 0.048 63.39 ± 0.024 

 

 

Figure 9: Stability profile of batch HPO: % Assay vs. Time (Days). 
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Table 10: Effect of storage condition on Particle size. 

Sampling 

time 

(days) 

Dry nasal powder of desmopressin acetate - Particle size* (µm) (n=3) 

Room condition (30 ± 2 °C with 60 ± 5 

% RH) Batch HPO 
Accelerated temp.(40°C ± 2°C/75% 

RH ± 5% RH) Batch HPO 

0 13.23±2.091 13.23±2.091 

15 13.65±1.321 14.75±2.338 

30 13.78±1.452 17.16±1.287 

45 13.89±2.874 19.90±1.382 

60 13.98±1.937 27.10±1.617 

75 14.32±1.673 36.49±0.489 

90 14.54±2.618 49.20±1.728 

105 14.72±2.169 53.78±2.826 

120 14.83±2.371 58.19±2.190 

 

 

Figure 10: Stability profile of batch HPO: Particle size vs. Time (Days). 

 

There was no significant decrease in % of drug when stored at room temperature. There was 

slight increase in the particle size after 4 month storage at room temperature. The dry powder 

were stable at 30°C ± 2°C/65% RH ± 5% RH for period of 4 months so there is no need of 

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

 

CONCLUSION 

The advantages of the nasal powder dosage form are the absence of preservative and superior 

stability of the formulation. The present study was aimed to explore dry nasal powder using 

mucoadhesive polymer for formulation development using 3
2
 factorial design for 

bioavailability and stability improvement of desmopressin acetate. The 3
2
 factorial design 

was employed using concentration of HPMC (Methocel E5) and feed rate as independent 

variables and particle size (PS) and % yield were selected as dependent variables. Multiple 

regression analysis, contour plot and response surface plot were used to study the main and 

interaction effects of the variables on the responses. The optimized batch was selected using 
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Design Expert employing overlay plot with desirability approach. The optimized 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 formulation was found stable at room temperature.  
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