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ABSTRACT 

Milnacipran HCl is a potential candidate to treat fibromyalgia associated with or 

without depression like comorbid conditions. The requirements of multiple dosing, 

absorption in first part of small intestine and fluctuating steady state plasma concentrations 

of drug have made it a suitable candidate for gastro-retentive sustained release drug 

delivery system. The utility of chitosan as mucoadhesive and polycaprolactone as 

hydrophobic polymer was aimed for creation of this matrix delivery system. Modified hot 

melt granulation with addition of second polymeric solution was opted for preparing 

optimized blends of acetaminophen. Modified wet granulation technique was utilized to 

prepare blends of milnacipran with different ratios of polymers. The optimized solutions 

for formulations containing blends of three polymers and drug with two solvents, i.e., 

dichloromethane and chloroform was optimized using design of experiment. A simple and 

sensitive colorimetric method for estimation of milnacipran was developed with ninhydrin 

to properly estimate drug from dissolution samples at 570 nm wavelength. The optimized 

blends were characterized for mucoadhesive time and strength using tensiometer, drug 

release analysis opting HCl buffer pH 1.2 for 12 h, kinetics of drug release and drug 

excipient compatibility analysis by utilizing FTIR and DSC. The optimized formulations 

M21-M24 were compared against reference formulation specifications for similarity index 

(f1 and f2). The optimized formulations were also scaled down containing 30 mg of drug 

according to weight of animals and were characterized for release parameters, i.e., the time 

to release certain percentage of drug (T10%-T90%). Different pharmacokinetic parameters 

were evaluated for M44 formulation using both non-compartment and two compartment 

model approaches. The best correlation (R2) values of 1 were observed with non-

compartment model so parameters calculated were used to establish in-vitro in-vivo 

II 
 



 

correlation after estimating fractions of milnacipran absorbed/unabsorbed and time to 

absorb specific concentration of milnacipran using Wagner-Nelson method. The developed 

analytical method proved sensitive and precise with LOD and LOQ values of 0.55 and 

1.667 µg/ml, respectively. Mucoadhesive strength was found as 201.06±16.8 dynes for 

different formulations with more than 12 h of adhesion time. Drug release studies showed 

release independent of concentration and was best described by Korsmeyer-Peppas model 

representing swelling controlled system. The n values of 0.5-0.7 showed dependency of 

release on both dissolution and diffusion mechanism. There were only physical interactions 

observed at various positions of IR spectrum with functional groups of polymers and drug 

were found intact. Thermal studies revealed that milnacipran has sharp melting point of 

179.85℃ which was lowered to round about 154.30℃ due to covalent and ionic 

interactions required to form true blend with polymers. M24 formulation proved best on 

similarity parameters, i.e., f1=6.09, and f2=72.46, representing true similarity. Cmax, Tmax, 

and AUC0-∞ calculated for M54 were markedly found different from oral solution (P˂0.05) 

proving sustained delivery of milnacipran from the formulation blends. Bioavailability of 

M54 formulation was three fold improved as compared to solution. Level A correlation was 

established by comparing the above parameters and found R2 were 0.992, 0.9831 and 

0.9998. The above results proved that milnacipran might be formulated as mucoadhesive 

DDS using three polymers opting design of experiment approach and evidenced best on 

IVIVC.  
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Chapter 1 INTRODUCTION 

1.1 Milnacipran HCl - the candidate drug 

Milnacipran (MCN) belongs to the therapeutic class of antidepressants and is used 

for treatment of fibromyalgia and in comorbid conditions of psychological disorders and 

neurological pains. It is a serotonin and norepinephrine reuptake inhibitor with activities 

comparable to duloxetine, desvenlafaxine, and venlafaxine. It is yet to be registered in 

Pakistan but available in other Asian countries, like India and China. 

1.1.1 Physical and chemical properties of MCN 

MCN is a crystalline powder of white to off-white appearance having sharp melting 

point of 179°C. It has a variable solubility in different solvents. It is sparingly soluble in 

diethyl ether but is freely soluble in ethanol, methanol, methylene chloride and chloroform. 

The major property of the salt form is its freely soluble nature in purified water (English et 

al., 2010). MCN has molecular formula as C15H22N2O.HCl, molecular weight of 282.8 

g/mol, and its IUPAC name is as (1R,2S)-2-(aminomethyl)-N,N-diethyl-1-

phenylcyclopropane-1-carboxamide hydrochloric acid. 

Figure 1.1: Chemical structure of milnacipran HCl. 
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1.1.2 Indications of MCN 

The major indication for milnacipran is management of fibromyalgia which was 

approved by the US Food and Drug Administration (FDA) in 2009. The prolonged use of 

milnacipran has been as an antidepressant being approved and retailed under the brand 

name of Ixel® in Europe (Austria) since September 1998. 

1.1.2.1 Fibromyalgia 

Fibromyalgia is a disorder of pain processing mechanism in central nervous system 

resulting in increased nociceptive sensitivity or pain perception (Stahl, 2009). It is 

characterized by persistent and well dispersed pain throughout the body. It is also 

associated with stiffness of muscle, tenderness of joints, marked fatigue, sleep disorders 

and depression/anxiety (Yunus, 2007). It is classified as central sensitivity syndrome 

because it causes functional impairment of daily life activities (Burgmer et al., 2009) which 

leads to significant incapacity to work that affects quality of living even greater than many 

other chronic painful conditions.  

Pain is generally widespread in fibromyalgia that extends to all body parts, e.g., left 

side, right side, above and below waist. The pain of axial skeletal bones and muscles, e.g. 

frontal chest, cervical spine, thoracic spine is severe (McPherson and Lofton, 2010). The 

pain is extended from shoulders to the lower back and legs. Newly developed diagnostic 

criteria for fibromyalgia describe diagnosis based only on the assessment of widespread 

pain along with emerging severity of cognitive dysfunction, sleep trouble and fatigue 

(Smith and Barkin, 2011). 
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Fibromyalgia co-exists commonly with psychic disorders, particularly major 

depressive disorder (MDD) in the same patients (Sharma et al., 2013). Chronic muscle pain 

syndromes is generally considered as stress-induced hyperalgesia and is associated with 

numerous common clinical features such as, a) cutaneous hyperalgesia; b) psychological 

stress of life linked ailment; and c) comparatively good sensitivity to antidepressant 

treatment (Arnold et al., 2000). The critical conditions of stress-induced hyperalgesia 

describe equally significant deep muscle as well as superficial cutaneous hyperalgesia.  

1.1.2.2 Depression  

Depression is a mood disorder that is marked by many symptoms such as feelings 

of sadness, restlessness, agitation, fatigue, difficulty in concentration, feeling lonely and 

thoughts of suicide. These are mainly caused by disturbances in dopamine, norepinephrine 

and 5-hydroxytryptamine (5-HT) /serotonin levels.  

Depression is of many types and exhibits clinical features. Mood disturbances of 

major extents are included in syndrome of major depression and manic depressive disorder. 

Commonly, depression with psychotic symptoms is recognized through the existence of 

delusions along with psychomotor disturbances, somatic signs and intermittent deliriums 

(Goodwin and Jamison, 2007). The major depression and anxiety coexist in many cases as 

comorbid diagnosis that have increased the severity of the conditions specially in children 

and adolescents as psychotic disorder (Costello et al., 2003). Depressive disorders with 

fibromyalgia in patients results in greater functional disability and prevalence of chronic 

pain and spasms therefore, need to be addressed with equally effective drugs for both 

treatments (Arnold, 2007). 
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1.1.3 Pharmacology of MCN 

Pharmacologically milnacipran is classified as a serotonin and norepinephrine 

reuptake inhibitor (SNRI) with absence of significant effects on postsynaptic histaminergic, 

muscarinic, adrenergic, cholinergic, dopaminergic, and serotonergic receptor sites along 

with no known effects on benzodiazepine/opiate binding sites (Briley et al., 1996). 

Milnacipran shows high binding affinity for both norepinephrine and serotonin transport 

sites with more preferential blockade of norepinephrine reuptake by an approximate 3:1 

ratio as compared to serotonin reuptake (Gillman, 2007). This blockage ratio practically 

means that a balanced (the same) action of drug on both neurotransmitters. MCN works by 

improving the symptoms of fibromyalgia and central pain inhibition actions but the exact 

mechanism of processing is still unknown. It is thought that the inhibition of serotonin 

reuptake at synaptic cleft improves conditions of depression and inhibiting norepinephrine 

reuptake can result in improving chronic pain. The cognitive function or psychomotor 

performance of brain is not affected in healthy, young volunteers/patients of fibromyalgia 

when administered at the dosage schedule of 100 mg OD or 50 mg BD for 7 days. Similarly, 

a single dose of 75 mg daily administered in elderly volunteers did not show any 

detrimental signs on normal psychomotor performance as well it did not harmed cognitive 

function of brain (Lopez-Ibor et al., 1996, Gendreau et al., 2005). 

1.1.4 Pharmacokinetics 

The oral administration of single dose of MCN results in peak plasma concentration 

in approximately 2 to 4 hours. A single dose of 50 mg results in average peak plasma 

concentration (Cmax) of 130±20 ng/ml with varied steady-state levels that can be reached 

after as low as 36 hours to maximum of 487 hours (Cada et al., 2009). The absorption of 
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milnacipran is not affected by presence of food and absolute oral bioavailability has been 

measured as 85-90%. The multiple exposures of drug over the therapeutic dosage range 

increase the dose effects proportionally. Only less than 13% of the absorbed drug is protein 

bound with average half-life of 6-8 hours of two enantiomers, active d-milnacipran having 

longer half-life (8-10h) and l-milnacipran has shorter half-life (4-6h). The drug is primarily 

eliminated by urine (55%) as unchanged drug, while 14-30% is excreted as active 

metabolite (glucuroconjugate) with the remainder as inactive metabolites. Patients with 

mild to moderate hepatic impairment showed no significant signs of changes in 

pharmacokinetic parameters of drug while, patients with severe hepatic impairment showed 

increase in half-life and area under the curve (AUC) by 55% and 31%, respectively (Puozzo 

et al., 1998a). The impaired renal function results in proportional changes of 

pharmacokinetics according to level of impairment and showed deceased renal clearance. 

The three fold increase in half-life was observed in patients with severely impaired renal 

function. The 16%, 52%, 199% increase in AUC and 38%, 41%, 122% increase in half-life 

was observed in patients with severe renal impairment with decreased creatinine clearance 

(CrCl) of three levels, mild 50-80 ml/min, moderate 30-49 ml/min, and severe 5-29 ml/min, 

respectively. Therefore, dose of the drug should be monitored in above conditions (Puozzo 

et al., 1998b). Cmax and AUC are increased by about 30% in elderly than younger patients 

because of age-related reductions in renal function while was found about 20% increase in 

women than men (Chwieduk and McCormack, 2010). The major pharmacokinetics 

parameters of the drug with average values in humans are given in Table 1.1. 

 

 

 

5 
 



 

Table 1.1: Major pharmacokinetic parameters with average values in humans 

Sr. No. Parameters Values 

1 Plasma protein binding ˂13% 

2 Peak plasma concentration (Cmax) Post dose, 2-4 hours  

3 Volume of distribution (Vd) 400 Liters 

4 Bioavailability 85-90% 

5 Elimination (Renal excretion) 50-60% unchanged drug 

6 Half-life (t1/2) 6-8h 

 

1.1.5 Dosage 

The adult dose of MCN is 100 mg per day administered in two divided doses. The 

dose should be titrated according to following schedule for individual patients. Starting 

with administration of a low initial dose of 12.5 mg OD on first day then a mild increase in 

dose of MCN is recommended as 12.5 mg BD (total 25 mg) for next two days as days 2 

and 3. The dose is further increased to 25 mg BD (50 mg per day) on next three days as 

days 4 to 7 then a constant dose of 50 mg BD (100 mg per day) is administered after 7th 

day of treatment. This can be further increased to 200 mg/day as 100 mg twice daily if the 

evidence of treatment is supporting (Kyle et al., 2010). 

1.1.6 Contraindications 

The use of MCN in patients with narrow angle (uncontrolled) glaucoma is 

contraindicated as it can cause mydriasis. The concomitant administration of monoamine 

oxidase inhibitors (MAOIs) or administration in close temporal proximity is also 

contraindicated. 
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1.1.7 Precautions and warnings  

The antidepressant class black box warning accompanies MCN relating to enhanced 

danger of suicidal ideation noticed in young adults and children those receive such 

antidepressants for psychiatric disorders and major depressive disorder. The extensive 

monitoring of patients is required for suicide risk and worsening of depressive symptoms. 

Concomitant use of serotonergic drugs should be avoided as these can cause serotonin 

syndrome. The patients with cardiac disease or hypertension require special care with MCN 

and these should be treated prior to starting therapy. The patients with appearance of liver 

dysfunction or jaundice and in patients with chronic liver disease or with a history of 

excessive alcohol consumption or those who develop symptomatic hyponatremia, MCN 

should be discontinued and with a history of seizure disorder it should be used with caution 

(Baker, 2010). 

The abrupt discontinuation of MCN therapy results in appearance of withdrawal 

symptoms. The conditions of mania and hypomania with depressive disorders could 

develop in patients during MCN therapy. The bleeding risks may be increased so should be 

cautioned when administered concomitantly with drugs affecting coagulation or aspirin. 

Genitourinary adverse reactions as urinary retention or dysuria may exaggerate in men 

having a history of obstructive uropathies (Baker, 2010).  

The cases with developed complications like extended hospitalization, support to 

respiration, and tube feeding occurs in neonates with use of SNRIs and selective serotonin 

reabsorption inhibitors (SSRIs) in the third trimester. So MCN must be indicated during 

pregnancy and lactation only when potential benefit justifies the potential risk to the fetus 

(FDA pregnancy category C). Increased incidence of skeletal variations and death in utero 
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have been found during animal studies. The traces of either MCN or metabolites were found 

in breast milk in animal studies but not known in human milk. Breast feeding with MCN 

therapy is not recommended due to risks of adverse reactions in infants (Mathur and James, 

2015).  

1.1.8 Adverse reactions of MCN 

The most frequent adverse reactions of MCN include nausea, vomiting, 

palpitations, dry mouth, hot flush, increased heart rate, hyperhidrosis, dizziness, insomnia, 

headache, hypertension, and constipation. Alanine aminotransferase and aspartate 

aminotransferase have also been found elevated. No change in weight in patients using 

MCN in fibromyalgia has been noted.  

1.1.9 Drug interactions 

The induction or inhibition of Cytochrome P450 and related system don’t affect 

MCN pharmacokinetics (Puozzo et al., 2005). MAOIs, drugs affecting heart rate or blood 

pressure, serotonergic drugs (e.g., triptans, linezolid, tramadol, lithium), and drugs of 

central nervous system show potential pharmacodynamic interactions. Arrhythmia and 

paroxysmal hypertension may develop when MCN is concomitantly used with epinephrine 

and norepinephrine. Tachycardia and postural hypotension is developed with intravenous 

(IV) digoxin and inhibition of clonidine’s antihypertensive effects has been reported in co-

administration of MCN. The patients switching from clomipramine to MCN have shown 

an increase in conditions like postural hypotension and euphoria (Savella®, 2009). 

8 
 



 

1.1.10 Recommended monitoring 

Heart rate and blood pressure monitoring is advised before starting and periodically 

throughout therapy in addition to monitoring of therapeutic response and general adverse 

events. 

1.2 Issues with milnacipran 

Milnacipran HCl is active against the animal and human models of major depressive 

disorders, fibromyalgia and chronic pains but requires multiple dosing to maintain the 

plasma concentration. The vast variation in the steady state level and incidence of gastric 

side effects due to multiple exposures to high concentration of MCN make it challenging. 

The excessive adjustment of doses due to requirements of therapeutic levels and subsequent 

elevating side effects of each dose has made it candidate of sustained/controlled release and 

specifically an ideal candidate for gastro-retentive DDS. As the drug is available in 

hydrochloride salt having solubility and absorption window specifically in the acidic 

medium of GIT, e.g., stomach, duodenum and small intestine so it is also required to be 

confined at the absorption site of drug preferably for the whole period of drug release. The 

non-availability of MCN in any clinical settings of Pakistan is also challenging. The 

following study was conducted to find a way towards its registration in Pakistan as a patient 

compliant, highly bioavailable and with minimum side effects containing drug delivery 

system. The dominance of psychological disorders and multiple sites chronic pains in our 

community needs to be addressed with innovative type of DDS so that community can be 

benefited. 
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1.3 Biopharmaceutical properties of MCN 

MCN requires the multiple doses for maintenance of therapeutic levels, it is also 

absorbed from the first part of the small intestine and shows fluctuations in the plasma level 

time profile. These features make MCN as a candidate of gastro-retentive drug delivery 

system. MCN belongs to Class I of the BCS due to higher permeability and high solubility 

(Dias et al., 2011) demonstrated in aqueous solvent of pH 1-8. This higher solubility makes 

the drug dissolve as it meets with gastric fluid and absorbs making its pharmacokinetics 

difficult to handle. 

1.4 Acetaminophen 

Acetaminophen (paracetamol, ACP) with chemical name of N-acetyl-para-

aminophenol is phenacetin’s therapeutic metabolite analgesic. Acetaminophen is an 

effective antipyretic having analgesic activity, however it is less effective as anti-

inflammatory agent. ACP is directed for osteoarthritis pain management, though it does not 

provide appropriate control in chronic pain like aspirin, hence not suitable for rheumatoid 

arthritis. It shows less gastrointestinal related adverse events. ACP is a nonprescription drug 

and most commonly used analgesic. The administration of excessively higher dose of 

acetaminophen causes liver damage and cases of acetaminophen poisonings are increasing 

day by day. However, its chronic use in normal does (˂2 g daily) does not cause any type 

of liver damage. 
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1.4.1 Physical and chemical properties of ACP 

Acetaminophen is available as white powder with crystalline structure. It is readily 

soluble in alcohol, sparingly in water and little bit in dichloromethane. It is a little 

photosensitive, hygroscopic and thermo-labile in nature. 

1.4.2 Pharmacological properties of ACP 

Acetaminophen has quiet similar effects like aspirin, i.e., antipyretic and analgesic. 

The common dose, 1000 mg per day inhibits 50 % of both COX-1 and COX-2. The 

antipyretic efficacy of acetaminophen is mainly due to inhibition of COX excessively in 

the brain (Boutaud et al., 2002). ACP poses both analgesic and anti-inflammatory 

properties and considered safe due to its better gastrointestinal safety profile when 

compared to other NSAIDs. Contrary to other works, ACP has been revealed to inhibit 

COX-2 more specifically by more than 80%, which is equally comparable to selective 

COX-2 inhibitors. Acetaminophen did not achieve more than 95 % COX-1 inhibition 

required for platelet functioning suppression in blood (Hinz et al., 2008). Another unproved 

COX-3 (COX-1 splice variant) inhibition has also been reported for acetaminophen. 

Toxicity of acetaminophen can be contributed even by little/slender metabolites (Raffa, 

2001). No significant changes on the cardiovascular as well as respiratory systems owing 

to platelets aggregation and coagulation functions have been noted upon administration of 

therapeutic doses of acetaminophen once or repeated in a day.  

1.4.3 Pharmacokinetics of ACP 

Oral acetaminophen has excellent bioavailability. Peak plasma concentrations 

occur within 60 minutes. Its half-life is around 2 h, a characteristic of short half-life drug. 

The distribution of acetaminophen is uniform almost in all body fluids. There is great 
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variation in its plasma protein binding but less than with other NSAIDs; in the case of acute 

intoxication about 20-50% of drug is protein bound. About 90-100% of drug is excreted in 

urine at first day of dosing (Bhattacharyya et al., 2013). 

1.4.4 Common adverse effects of ACP 

Few cases of allergy are reported with acetaminophen therapy. Skin rashes are rare 

type of reaction occurred with the drug. Patients hypersensitive to salicylates seldom show 

sensitivity to the drug. ACP acute toxicity results in fatal necrosis of liver. Hepatotoxicity 

have been reported with the ingestion of single large dose (10-15g) in adults with lethal 

dose of 20-25g. The increase in the vulnerability to liver damage is associated with 

induction of CYP (McGill et al., 2012). Kidney necrosis, acute renal failure or renal 

damage may also occur at these doses. 

1.4.5 Issues with acetaminophen 

Acetaminophen has short half-life of 1.5 to 4 hours. Effective therapeutic levels can 

be maintained only if patient takes at least six doses per day. Controlled/sustained release 

formulations can provide desired therapeutic levels of drug for a longer period of time 

minimizing frequent dosing, which increases the effectiveness of therapy and enhances 

patient compliance (Morella, 2012). 

ACP can result in toxicity and side effects depending on dose and can cause severe 

consequences of drug effects. Extended release formulations can result in lowered dose 

dependent toxicity and increase in patient’s compliance. As the therapeutic drug effects are 

usually maintained with low levels of drug concentrations which alternatively can limit the 

therapeutic efficiency of ACP, when compared to immediate release doses. The accidental 

breakage or self-crushing of sustained release can cause dose dumping and delay the onset 
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of patient’s drug effects because of toxicity (Devarakonda et al., 2015). These factors can 

be easily controlled by preparing homogeneous blends of drug with polymers that swells 

and cause release dependent on diffusion mechanism through developed porous network.  

1.5 Delivery systems 

Delivery systems are designed so that a drug should reach the systemic circulation 

in a concentration that remains within therapeutic windows (Shargel et al., 2005) with 

reduced number of administrations to achieve therapeutic drug concentrations. Oral dosage 

forms are the most preferred delivery systems due to their convenience in use (Lee and 

Good, 1987). Tablet is the most common and feasible oral delivery system for majority of 

drugs to be given through oral route. Ease of manufacture and flexibility of formulating in 

varied forms and types and possibility of achieving modified release and site specific oral 

delivery system are the major benefits of tablet dosage forms (Craig, 2008). Slow release 

oral delivery system provides advantages of once daily dosing, better therapeutic efficacy, 

control of plasma drug levels and reduced associated side effects (Mulye, 2006). For site 

specificity and targeting of a drug, mucoadhesive systems are usually employed which 

allow drug’s administration orally in tablet form (Carvalho et al., 2010).  

1.6 Oral targeted drug delivery system 

Drug delivery is two-step phenomenon, entrapment and release. A control drug 

delivery system describes that a given drug needs to be entrapped in a platform, device or 

any matrix, that later on be released in a controlled way. If a drug is intended to be released 

at a specific site or organ and taken orally, the whole system is called oral targeted drug 

delivery system. Targeted drug delivery concentrates drugs only in the desired site in body 

as compared to other regions, leading to an improved drug efficacy. However, targeting 
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drugs in this way is challenging (Manish and Vimukta, 2011). The reported advantage of 

the technique is drug dose reduction and avoidance of side effects (Manish and Vimukta, 

2011). 

1.7 Gastroretentive drug delivery system (GRDDS) 

The goal of decisive therapeutic effectiveness can only be reached by optimizing 

the bioavailability of drug substances preferably through oral route. There are multiple 

factors that commonly affect this goal of optimum bioavailability. The longer residence 

time of the drugs at the absorption site significantly affect bioavailability. The foremost 

purpose of formulation of drug delivery systems is to maintain the constant drug plasma 

concentration by enhancing bioavailability and thus, requires the drug to be released 

directly to the target site of action. It is of primary concern that delivery systems should 

enhance the bioavailability of the sustained/controlled release drug delivery systems at 

specific absorption site of the drug in GIT. GRDDS are now extensively used in research 

to extend gastric residence time of controlled release systems (Chavanpatil et al., 2006, 

Sharma et al., 2015, Streubel et al., 2006, Hussain et al., 2015).  

Highly water soluble drugs are easily absorbed from the first part of GIT. The drugs 

with shorter half-life and rapid absorption from gastric part of GIT show prompt 

elimination from the systemic circulation after oral administration. These drugs require 

frequent dosing to achieve appropriate therapeutic response and ultimately decrease the 

patient compliance. The formulations of sustained/controlled release delivery systems have 

been used to slowdown the release of drug in GIT and to maintain the plasma drug 

concentration effectively for the prolonged period of time. The controlled release GRDDS 

retain drug in the first part of GIT (stomach) for longer period, sustain the release of drug 

14 
 



 

and also localize the system at the absorption site so that released drug remain continuously 

at its absorption site (Qi et al., 2015).  

The superior bioavailability of GRDDS can result in maximum therapeutic efficacy 

along with likely reduction in dose of therapeutic agent and solubility enhancement of less 

soluble drug at higher pH environment of intestine. GRDDS can maintain constant 

therapeutic drug levels for extended duration of time that ultimately result in the reduction 

of unnecessary fluctuations in the plasma levels and enhanced therapeutic responses of 

drugs having narrow absorption window of gastric environment (Patil et al., 2016).  

1.7.1 Different methodologies adopted for GRDDS 

Numerous methodologies have been developed to increase the gastric residence 

time for drug delivery systems that can be classified into following broader categories, i.e., 

low density or floating drug delivery systems (Elsamaligy and Bodmeier, 2015), 

mucoadhesive drug delivery systems (Andersen et al., 2015), swelling or expansion 

controlled systems, high density systems, multiparticulate systems (superporous hydrogel) 

(Shahzad et al., 2015), low density ion exchange resins (Khan, 2012), raft forming systems 

(Prajapati et al., 2013), and magnetic systems (Madami et al., 2012). The drugs which 

degrade in the vicinity of large intestine due to microbial flora, drugs with meager 

absorption window in first portion of GIT and the drugs having localized effects in stomach 

and small intestine can be effectively administered through oral route employing these 

systems. 
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1.7.1.1 Floating drug delivery systems (low density systems) 

The system that can attain a greater volume upon hydration in the gastric fluid and 

swell to a lower density system is termed as floating drug delivery systems (FDDS). It 

provides the basis of retaining the delivery system in gastric fluid when immersed by 

making it to float due to lower density (Singh and Kim, 2000). Swelling of the polymers 

causes the matrix to develop a lesser density than the gastric fluid. It is reported that the 

combination of both swelling and floating ability of the matrix blend causes greater safety, 

better control of drug release and more acceptability of the formulation in the clinical 

settings (Krögel and Bodmeier, 1999).  

These systems are independent of gastric emptying rate so they can be confined to 

gastric environment for whole length of therapy causing maximum absorption of drug at 

slower rates. This extended gastric retention can provide a better control of plasma drug 

concentration with least fluctuations. The utility of hydrophilic polymers that swells in 

presence of gastric fluid to generate a gel layer at outer surface for diffusion of drug through 

this barrier layer for prolonged period of time gives the system characters of hydrophilic 

matrix. The swollen matrix result in prolonged gastric retention time which ultimately leads 

to improved bioavailability and improved therapy benefits in clinical situations (Hussain et 

al., 2015).  

Non-effervescent floating drug delivery systems (swelling systems) and 

effervescent floating drug delivery systems (gas generating systems) are the two 

methodologies adopted for FDDS. The gas generating systems can float for 4-6h on the 

gastric contents but are insufficient to generate a long therapeutic drug effects. These utilize 

the volatile ability of some oils (ether, cyclopentane) at body temperature (37oC) or the 

reaction of base salts (carbonates, i.e., sodium bicarbonate, calcium carbonate) with acidic 
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contents of the stomach (or citric acid, tartaric acid) to generate carbon dioxide gas, and 

attain low density so float at the surface of stomach contents (Ahuja et al., 1997). They 

remain buoyant on the surface of stomach till the gas remain releasing from the system for 

an extended duration of time causing the drug to be released from the system at 

sustained/controlled rate due to entrapment of gas in the swollen matrix (Krögel and 

Bodmeier, 1999). The efficiency of the systems relies on suspension/dispersion of system 

individually on the surface of gastric fluid instead of its agglomeration to form a mass that 

floats at the upper surface of the stomach.  

The non-effervescent systems can remain floated throughout the delivery period 

because they depend on swelling and erosion of the polymeric matrix that remains 

continuous till the exhaustion of system (Patil et al., 2016). The application of polymers 

with swelling by fluid uptake and developing gel like ability upon contact with GIT fluids 

are basis of these systems. The utility of swellable hydrocolloids of cellulose family, 

polysaccharides water up taking ability, and matrix blend forming polymers of acrylate, 

methacrylate, carbonates, and styrene to show excellent floatability is a key to develop non-

effervescent systems. The examples of such polymers are hydroxypropylcellulose (HPC), 

hydroxyethylcellulose (HEC), hydroxyl propyl methyl cellulose (HPMC), sodium 

carboxymethylcellulose (NaCMC), cellulose acetate phthalate (CAP) and some gum 

polymers forming gel and having ability to float on surface as agar, carrageenan or alginic 

acid (Singh and Kim, 2000).  

1.7.1.2 Bioadhesive/Mucoadhesive delivery systems 

Bioadhesive delivery is a system that adheres to the biological membranes of the 

body and if this membrane is mucous membrane then the system is termed as mucoadhesive 
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system. These systems are adherent to the mucous membrane of buccal cavity or stomach 

to provide the drug at a vicinity of absorption site for extended duration of time. These 

systems are designed for targeted drug delivery using mucoadhesive polymers having 

properties to sustain the release of drug from system as well as they can swell to gel like 

adherent masses for attachment, which enhance retention of the pharmaceutically active 

substances at defined sites (Woodley, 2001).  

The mucoadhesive system binds to the gastric mucosal epithelial cell surfaces that,- 

by increasing the intimacy and ultimate contact duration of system with mucous membrane 

serves as a possible way of prolonging the gastric retention time in the stomach (Ahuja et 

al., 1997). If the drugs having low bioavailability along with narrow absorption window 

are administered as a mucoadhesive drug delivery system then these stay at the site of 

absorption for extended time thus, targeting of the potential site can be achieved (Davis, 

2005). The mucoadhesive targeted delivery system is employed for drugs for their actions 

local to gastrointestinal tract (GIT) or for systemic actions. 

Mucus is largely composed of water (more than 95 %) and high molecular weight 

glycoprotein called mucin having negative surface charge. Mucin is generally covered by 

calcium ions and when it is exposed to gastric lumen the ions are removed causing repulsion 

in the mucin molecules that increases its size up to 400-folds and forms hydrogen and other 

bonds with water to form gel like material (Willits and Saltzman, 2001). The mucous 

membrane has comparatively large permeability characteristics that allow the prompt 

absorption of a drug substance from the system into the systemic circulation. This rapid 

transport of drug results in improved bioavailability of therapeutic substances by avoiding 

the contact of drug to certain body’s usual defensive mechanisms. Mucoadhesive polymers 
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having positive charge usually form complexes with negatively charged mucin thus display 

resilient level of mucoadhesion (Song et al., 2004). 

The mucoadhesion involve either physical interactions like Van der Waals forces, 

hydrogen and hydrophobic bonds or chemical interactions like ionic and covalent bonding 

between the mucus membrane and mucoadhesive polymers. Normally interactions start 

from the regular wetting of the polymers leading to the physicochemical interactions on 

later stage which result in the development of weakly cross-linked systems. Several 

hydrophilic polymers holding multiple hydrophilic functional groups have shown such 

properties of crosslinking. These include hydroxyl (OH), sulphate (SO4), carboxyl 

(COOH), and amide (CONH2) groups (Capra et al., 2007, Madsen et al., 1998). 

There are various utilities of these systems over the conventional release delivery 

systems that make them an important system to enhance residence at the absorption site 

that can ultimately enhance the bioavailability of such drugs that get degraded or not 

absorbed primarily beyond the first part of GIT. The benefits include primarily extended 

residence time of the delivery system at the primary site of absorption and application, 

allows intimate application of the formulation to the biological membrane for optimum 

absorption, and localizes the delivery system at a site where it is maximally stable and 

efficacious (Mazzarino et al., 2012). These systems employ targeting specific 

gastrointestinal tissues, low dosing frequency as drug residence time at target site is 

increased and reduced dose-related side effects. 

There may be some limitations of oral mucoadhesive drug delivery systems such as 

insufficient adhesion within the GIT due to large size of tablet and vigorous movement of 

the gastrointestinal tract. However, this limitation can be overcome by employing cationic 

chitosan as mucoadhesive polymer in the tablets and microparticles (Säkkinen et al., 2006). 
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1.8 Mucoadhesive polymers 

Mucoadhesive systems are formulated with a bioadhesive polymer of either natural 

or synthetic source that have the capability of adhering to the stomach by either of three 

mechanisms, i.e., hydration (swelling to gel) mediated interactions, receptor (H2, 

muscarinic, G-protein) mediated attachment, covalent or ionic (+ve and -ve ions) bonding 

mediated adhesion (Jiménez-castellanos et al., 1993). The examples of such polymers are 

cellulose derivatives such as HPMC, NaCMC, and HPC along with other polysaccharides 

as chitosan, proteinase substances as lectins and some synthetic agents as carbopol 

(polyacrylic acid), and polycarbophil etc. (Salamat-Miller et al., 2005).  

The mucoadhesive polymers, according to their mechanism of adhesion to mucus 

membrane are classified as; a) polymers showing aqueous stickiness, b) causing adhesion 

through specific bonds, and c) those with adhesion on specific receptor sites (Park and 

Robinson, 1984). In terms of overall charge on the polymers they may be anionic, cationic 

and non-ionic. However, polymers can be classified generally into the following categories. 

a) Hydrophilic polymers: These may be ionic or neutral in aqueous environment. Anionic 

polymers exhibit marked mucoadhesive property due to hydrogen bonding with mucin, 

e.g., carbomers (carbopol) and carboxymethyl cellulose (Andrews et al., 2009). 

Chitosan (cationic polyelectrolyte) is now a days extensively used mucoadhesive 

polymer and considered superior than other hydrophilic polymers (Bernkop-Schnürch 

and Freudl, 1999). 

b) Hydrogels: Hydrogels are three-dimensional crosslinked polymer chains that can hold 

water inside their porous structure. These can swell to form a gel like network by 

20 
 



 

holding excessive water generally owing to the existence of pronounced hydrophilic 

functional groups, i.e., OH, NH3 and COOH (Ganji and Vasheghani-Farahani, 2009).  

c) Thiolated polymers: These polymers have open thiol group existing within the polymer 

backbone which forms disulphide bonds with mucin, e.g., chitosan and poly-acrylic 

acid. Different thiolated polymers have been reported in the literature that include 

alginate linked to cysteine, poly-acrylic acid linked homocysteine, poly-acrylic acid 

linked cysteine, poly-methacrylic acid linked cysteine, sodium carboxymethylcellulose 

linked cysteine, chitosan linked iminothiolane, chitosan linked thioglycolic acid, and 

chitosan linked thioethylamidine (Andrews et al., 2009). 

d) Lectin based polymers: The toxic and immunogenic proteins (Lectins) have the 

capacity to reversibly bind with definite carbohydrate generally sugar deposits so 

provides precise cyto-adhesive ability and can be utilized for the formulation of 

mucoadhesive targeted delivery systems. The examples are lectins extracted from 

plants such as soybean, peanut, Lens culinarius, and Ulex europaeus L. (Smart, 2004, 

Hietanen and Salo, 1984). 

1.9 Candidate polymers 

In this work two polymers have been proposed for mucoadhesive system 

development, i.e., Chitosan (CH) and Poly (ε-caprolactone).  

1.9.1 Chitosan (CH) 

Chitosan [β-(1,4)-2-amino-2-deoxy-D-glucopyranose], appears as a brownish 

colored semi-crystalline solid powder is a copolymer of glucosamine and N-

acetylglucosamine. It is a cationic polysaccharide having molecular weight 5,000 - 

1,000,000 g.mol-1 and is insoluble at alkaline and neutral pH (Sreenivas and Pai, 2008). It 
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contains an amino group that is protonated in acidic conditions which makes it a water 

soluble polycation and responsible for the chemical modification along with salt formation 

when mixed with acids. Its habituated in zygote fungi mushrooms and also found in the 

abdominal wall of termite queen (Rinaudo, 2006). Chitosan is generally prepared by the 

alkaline deacetylation of chitin. Chitin exists in nature as the second most abundant, next 

to cellulose in the category of agro-polymers. The plasticized form of chitin with glycerol 

is generally a thermoplastic material like plasticized starch (Kast and Bernkop-Schnürch, 

2001). 

Chitosan has many applications including the development of controlled release 

dosage forms such as matrix blends of tablets, microspheres, and gels. Also it is used as a 

film forming agent in cosmetics, mucoadhesive agent along with permeation enhancer for 

drug delivery through different routes of administration such as buccal, oral, ocular and 

nasal as an antipathogenic, and as hypolipidic material in diets (Yurdasiper and Sevgi, 

2010). In industry it is widely elaborated as a mucoadhesive polymer due to its decent 

biocompatible, biodegradable nature and promising toxicological properties.  

1.9.2 Poly (ε-caprolactone) (PCL)  

PCL is prepared by chemically opening of the ring of ε-caprolactone structure in 

the presence of metal alkoxides such as tin octoate, and aluminum isopropoxide. PCL is 

flexible, and biodegradable aliphatic polyester, having melting point 65 °C, solubility in a 

varied number of solvents. PCL can easily be degraded enzymatically and can be 

hydrolyzed at very slow rate (Averous and Pollet, 2012). PCL has wider usability in 

biomedical (blood bags, catheters), and environmental (soft compostable packaging) 

applications (Abdolmohammadi et al., 2012) and in biomedicine (drug controlled release). 
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The drawbacks of PCL such as longer degradability profile in biological media and high 

price, can be overcome by blending it with some cheaper and abundant excessively 

biodegradable natural polymers such as chitosan, cellulose and starches (Saeed and Park, 

2010).  

PCL is polyester of hydrophobic nature, while CH is a polysaccharide of 

hydrophilic properties. The blends of these two opposite nature polymers could be used for 

controlling the release of drugs but show some weaknesses in mechanical and thermal 

properties. The compatibility and miscibility of these blends can be enhanced either by 

incorporating a third component, e.g., common solvent or by motivating a chemical 

reaction (Sarasam and Madihally, 2005, Abdolmohammadi et al., 2012). During 

formulation design, the polymers’ blends, amount of excipients and other process 

parameters could be adjusted for optimized outcome using computer-aided formulation 

approach. 

1.10 Formulation design 

Pharmaceutical formulation development is a complex system requiring active 

pharmaceutical excipients (API) and excipients developed into a formulation which must 

have desired quality attributes. The materials, methods (processing) and machines related 

factors affect the final quality attributes of a formulation. Designing the appropriate 

pharmaceutical formulations with desired features requires adjustment of above factors 

which is usually done with relevant experience in the field (Takayama et al., 2003). The 

advanced formulation approaches such as design of experiment (DoE) and artificial 

intelligence (ANN), provide the information on the relationship between factors and the 

final properties of a formulation (Karazi et al., 2009) which helps in the adjustment of all 
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factors simultaneously and thereby, optimization of the final properties of the formulation, 

contrary to the conventional approach which is based on adjusting one factor at a time 

(OFAT). The OFAT usually fails to produce an optimized formulation neither it reveals the 

factor interactions which may be synergistic or antagonistic. However, DoE or ANN 

approaches help to produce optimized formulations (Singh et al., 2005). 

DoE is based on gathering the variables, finding objectives, and designing models 

to fit experimental values so that they describe results in graphical manner using statistical 

process. It designs on regression models for optimization using combination of both method 

and machines simulation technique (Boning and Mozumder, 1994). Artificial neural 

networks (ANNs) is computer generated program based on biological learning that can 

generate values by evaluating different patterns in data and their relationships just similar 

to neurons in mammalian body (Plumb et al., 2002, Agatonovic-Kustrin and Beresford, 

2000).  

The formulation design of a mucoadhesive tablet, being a complex system requiring 

adjustment of several parameters such as excipients, mucoadhesive polymeric blend ratio 

and process related parameters (Singh et al., 2006) is a good candidate for the application 

of DoE. In-vitro and in-vivo characterization of the developed formulations are required for 

testing final properties of the formulation and these properties are matched with the 

predefined standard specifications. 

1.11 In-vitro characterization 

The prepared delivery system is characterized for the parameters as: Granules are 

physically evaluated for flowability using Hausner’s ratio, compressibility/Carr’s index and 

angle of repose. The flowability is required for uniform mixing of ingredients and also for 
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the proper filling of tablet machine die from the hopper (Sinka et al., 2004). Tablets are 

tested for weight variation, friability, hardness and thickness. Testing of mucoadhesion is 

the additional test for mucoadhesive systems (Takeuchi et al., 2005) 

In-vitro drug release is studied through USP dissolution test apparatus Type-II 

(paddle method) for %age dissolved and dissolution rate. The drug release data is fitted to 

different kinetic models including zero order model, first order model, Higuchi model, 

Hixson Crowell model for defining the release as dissolution or diffusional and also 

analyzed by Korsmeyer-Peppas model to study the mechanism of drug release from the 

matrices (Dash et al., 2010). Similarly other characterizations to access the compatibility 

of different ingredients in formulations are performed using Fourier transform infrared 

spectroscopy (FTIR), and differential scanning calorimetry (DSC) to test maximum 

interactions of API and excipients (Hussain et al., 2013). 

1.12 In-vivo (pharmacokinetic) evaluation 

The optimized formulation selected based on in-vitro parameters is carried on to the 

pharmacokinetic (PK) study. PK study is important to prove that the developed formulation 

has appropriate in-vivo features and it is able to meet the desired aim of the development. 

This study gives the information on bioavailability and drug clearance from the body. The 

parameters for PK study include maximum plasma concentration (Cmax), the time necessary 

to reach maximum plasma conc. (Tmax), area under the plasma level time curve (AUC), 

half-life (t1/2), absorption rate constant (Ka), elimination rate constant (Ke), total clearance 

(ClT), and volume of distribution (Vd) etc. (Shargel et al., 2015). 
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1.13 In-vitro in-vivo correlation (IVIVC) 

IVIVC analysis is used to assess and validate dissolution results by functioning as 

a representative of in-vivo results to ensure proper formulations and its analysis. IVIVC 

shows the positive or negative relationship among the in-vitro and biological properties of 

the drug. The biological properties are in-vivo ones such as any relevant pharmacokinetic 

parameter, while physicochemical properties of the drug are the in-vitro features and 

include the dissolution rate under specified conditions completed in a range of in-vitro 

dissolution and percentage drug release profiles. For a relationship of dissolution with 

absorption, it is observed that faster rate of absorption is achieved in the formulations 

having dissolution of the drug as the rate limiting step (Shargel et al., 2015). Upon selection 

of the proper dissolution method, the rate of dissolution correlates well with the rate of 

absorption in the body. Drugs with higher percentage of drug dissolution show higher level 

of drug serum concentration. 

Maximum drug plasma concentration (Cmax) is correlated to the in-vitro percentage 

drug dissolved and is evaluated on the basis of time to reach peak concentration (Tmax). As 

Tmax is dependent on absorption rate constant so faster absorption of drug certainly results 

in a shorter Tmax. Similarly Cmax is correlated to the percentage drug dissolved (Emami, 

2006). 

There are five levels of correlations according to FDA that include level A, B, C, 

multiple-level C, and D. The most relevant and widely used are first three levels (Cardot et 

al., 2007). Level A is a termed as linear/direct correlation and signifies a point to point 

association between in-vitro percentage drug release and the in-vivo parameters input rate 

including amount of drug absorbed and plasma drug concentration. The applied model 
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should practically predict the entire in-vivo time progression from the in-vitro statistics. 

Level B correlation is the application of statistical principles. This level compares the mean 

in-vitro percent dissolution time with either to the mean in-vivo percent dissolution time or 

to the mean residence time. The application of level C defines a single point association 

between a dissolution parameter (i.e., T25%, T50%, T80%, dissolution rate) and a 

pharmacokinetic parameter (i.e., AUC, Cmax, Tmax). 

1.14 Problem statement 

A desired therapeutic level of drug is essential to be preserved for extended time 

period in blood. Drugs having comparatively shorter half-lives require frequent 

administration of drug that escalates the probability of patient non-compliance, affecting 

the overall effectiveness of therapy and causing an inconvenience to patients. MCN is 

available as immediate release oral drug delivery system (dosage form). The immediate 

release delivery systems of the drug are linked with the adverse effects such as abdominal 

irritation (diarrhea, nausea and pain), tachycardia, palpitations, hypertension, extreme 

elevated mood or feelings of happiness that may shift to a depressed or sad mood, 

unsteadiness or falling, swelling of the mouth or throat (Cada et al., 2009). Also once daily 

dosage regimen therapeutic concentration may not be achieved as the drug has a moderately 

shorter half-life of 6-8 h. These problems are associated with poor compliance and early 

withdrawal from treatment so there is a requirement of MCN formulation that overcome 

these problems and produces therapeutic effect for approximately 24 h when it is 

administered orally (Hirsh et al., 2011). The majority of adverse reactions reported are due 

to the excessive absorption of drug from first part of GIT and similarly because it is 

available maximally to the gastric mucous membrane immediate after administration. 

These toxic events could be limitized if contact amount and time of drug to mucosal 
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membrane is markedly reduced by administering sustained/controlled delivery systems that 

swells and release drug at controlled manner through pores of matrix and avoid excessive 

immediate contact of released amount with mucosa. Moreover the problems associated 

with immediate release of MCN can be eliminated or reduced by development of sustained 

release formulations through mucoadhesive polymeric systems. These systems ensure the 

availability of dissolved drug to the absorption site for whole duration of therapy at much 

lesser concentration that can initiate a local or systemic toxic response. Since, MCN is 

freely soluble in water and intestinal fluids so it is either difficult or nearly impossible to 

get sustained release for 24 h when administered in the form of immediate release tablets 

(Kulkarni et al., 2012). A novel matrix type polymeric oral drug delivery system for 

sustained release of MCN can be developed for once daily dosage regimen, therefore in 

this study a polymer combination was evaluated to retard and control the drug release. 

1.15 Aim and objectives 

The aim of the study was to develop a gastroretentive swellable mucoadhesive and 

floating matrix oral delivery system for controlled/sustained release of primarily 

milnacipran HCl to avoid the problems associated with the only available immediate 

release dosage form of milnacipran HCl and to improve patient compliance. The objectives 

of this research study are given in following statements: 

1) To develop sustained/controlled release GRDDS of acetaminophen with the aim to 

find a template to be used later for development and optimization of milnacipran 

HCl (MCN). 

2) To develop sustained/controlled release GRDDS of milnacipran HCl based on the 

optimized ACP compositions 
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3) To screen the factors critical for desired properties of the developed dosage form 

4) To perform in-vitro characterization of the developed delivery system (dosage 

from) 

5) To develop colorimetric UV-Visible Spectrophotometer method for milnacipran 

6) To optimize the mucoadhesive delivery system for the drug using DoE 

7) To perform in-vivo characterization of the developed delivery system in the selected 

animals 

8) To assess the in-vitro-in-vivo correlation (IVIVC) of the prepared formulations 

1.16 Hypothesis 

H0: Milnacipran HCl can’t be formulated into mucoadhesive matrix system with 

improved in-vitro and in-vivo characteristics. 

H1: Mucoadhesive system can be formulated with improved in-vitro and in-vivo 

characteristics. It can increase the efficacy and safety profile of milnacipran HCl in-vivo by 

delivering it in controlled/sustained manner over a prolonged period of time as tested by 

pharmacokinetics of drugs. It can help in achieving effective plasma concentration for 

extended period of time by prolonging stay time at the absorption site. 
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Chapter 2 LITERATURE REVIEW 

2.1 Delivery systems developed for milnacipran HCl 

There are many available delivery systems for milnacipran HCl that are being 

formulated for the sustained/controlled delivery at the predetermined rate and time period. 

Some of those are being summarized in the proceeding section. 

2.1.1 Delayed release formulations of milnacipran HCl 

Various techniques were adopted to design the delayed release milnacipran tablets 

to generate the peak plasma time (Tmax) of 4-10 hours using different wet granulation 

methods employing aqueous solvent. The blends as a core were prepared using variety of 

polymers such as various grades of cellulose derivatives, i.e., HPMC K100M, K15M, 

E10M, and ethyl cellulose 10cps which were coated with Opadry (Colorcon). These 

formulations exhibited delayed release with Tmax of 7±1 h and a Cmax of 220±40 ng/ml 

generated the AUC that were found in close relation to the twice daily administration of 

immediate release formulations. These formulations also did not show any of common 

adverse relevant to MCN administration as described above (Hirsh et al., 2011). 

2.1.2 Pulsatile release formulations 

The formulation that releases the drug in pulses can be used to formulate an 

extended release for twenty four hours by reducing the exposure to mucosal surfaces that 

ultimately decreases the GIT side effects and can maintain therapeutic plasma level of 

milnacipran. The low levels of Cmax obtained by pulsatile release of MCN circumvents 

cholinergic stimulation in CNS that leads to diminished occurrence and intensity of 
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commonly associated adverse reactions of drug. The incorporation of separated pulse 

release of immediate release and delayed release can be an effective tool for mimicking the 

multiple dosing regimens by administering single dosage unit. The utility of Eudragit S 100 

as a delayed release agent produced desired therapeutic responses when formulated as 

delayed release polymer blend with drug (Hirsh et al., 2005).  

2.1.3 Novel ‘Tab in Tab’ systems 

The fabrication of milnacipran HCl in different portions of immediate release coat 

and extended release core in the form of tablet in tablet (TIT) system proved an efficient 

tool for modifying the release of drug through oral administration. The release retarding 

layer was formulated with a hydrophilic HPMC K200M and a hydrophobic glyceryl 

behenate (GB) polymer. Direct compression method was adopted to form cup like coat 

containing 33 mg of milnacipran and coat was enclosed in between two cup coats having 

77 mg of milnacipran HCl to generate tablets of 6 kg/cm2 hardness. The proper blend ratios 

of both polymers (25% HPMC and 8% GB) provided the excellent release retardation with 

more than 18 h of constant drug release behavior. These TITs can generate the ideal release 

pattern dependent on combined dissolution and diffusion mechanism could be excellent 

tools for controlling the release of water soluble milnacipran HCl (Parejiya et al., 2013b).  

2.1.4 Controlled release formulations 

There are various techniques developed to control the release of milnacipran HCl 

using coating with rate controlling polymers on the immediate release core blended with 

suitable pharmaceutical excipients that release 90% of milnacipran HCl from the core 

within a time range of 8 to 14 h. These release retarding polymeric membrane coatings had 

the capability to release highly water soluble drug at predetermined release rate within a 
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time period. The different variations of coating materials (1-20% w/w), consisted of 2-5 % 

of cellulose acetate phthalate (CAP), 1-5 % of polyethylene glycol (PEG) 400, HPMC 

2910, hydroxy propyl cellulose (HPC), and PEG 6000 were employed to generate the 

required release characteristics of the milnacipran HCl (Kulkarni et al., 2014). 

Similarly, controlled release preparations were formulated using hydrophobic 

release rate controlling polymers for retarding release of soluble acid salt of milnacipran 

by employing melt granulation process. The bilayer tablets were prepared by granulating 

molten release retarding polymer (PEG) and hydrogenated vegetable oil with milnacipran 

dispersion in it. Eudragit L100/S100 as release retarded employed in the second layer and 

coating both layers with varying compositions of hydrophobic polymers such as Eudragit 

RL/RS, ethyl cellulose, methacrylate, and hydrophilic HPMC to generate the required 

release rate at predetermined time period for 12 h. The pharmacokinetic evaluation of test 

formulations once daily administration resulted in similar plasma levels of drug compared 

to immediate release twice daily administered milnacipran (Kulkarni et al., 2015). 

2.1.5 Solid dispersion tablets 

The solid dispersion (SD) tablets were formulated using mixture of solutions of 

polymers and drug being evaporated for solvents to leave the solid particles and reduced to 

size and then compressed to tablets. The different waxes were also melted and drug was 

homogenously dispersed in molten phase. This mixture was solidified and reduced to solid 

dispersed particles which were compressed to tablets. These SD utilized ethyl cellulose, 

Eudragit RL/RS, HPMC K200M, GB, carnauba wax, stearic acid and bees wax for their 

preparation and exhibited the excellent release retardation abilities for the optimal release 
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of milnacipran HCl. The SD presented good short term stability as well as shown diffusion 

release characteristics with anomalous diffusion for drug (Parejiya et al., 2014a).  

2.1.6 Porosity controlled osmotic pump 

The mechanism of osmotic pressure has been widely used in the delivery of 

pharmaceutical ingredients at a controlled rate. It was applied to MCN to develop porosity 

controlled osmotic pump for achieving 5mg/h theoretical drug release following zero order 

for attaining maintained plasma drug concentration to desired level till 24 h. The core 

containing MCN was coated with proper blends of ethyl cellulose and HPC-L to develop 

porous osmotic pump. The system proved efficacious in releasing the controlled amount 

even it was tested with another drug i.e. Diltiazem HCl (Parejiya et al., 2012).  

2.1.7 Matrix tablets 

The mixture consisting homogenous dispersions of drug throughout the polymeric 

materials had been most widely used delivery devices in the pharmaceutical technology for 

delivering drug at controlled rate for specified period of time. Singhvi et al prepared multi 

granular controlled release (CR) as well as immediate release (IR) matrix tablets of MCN. 

They prepared IR tablets using HPMC K15M with di-calcium phosphate (DCP) as a diluent 

and CR matrix tablets were prepared using HPMC K15M and K100M in different 

proportions and characterized for different dissolution parameters to evaluate the controlled 

release efficiency of the formulated matrix. Hardness of tablet was found responsible for 

the different drug release behavior. The hydrophilic and hydrophobic multiple granular 

controlled release systems were developed by wet granulation and hot melt granulation of 

waxes (paraffin and stearic acid). These granules after adjusting the formulation parameter 

were compressed to matrix tablets. The in-vivo parameters from the in-vitro dissolution 
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data were predicted using convolution method with reported pharmacokinetic parameters 

of MCN. The predicted parameters were found similar to the reported data. The convolution 

method demonstrated that predicted plasma levels of MCN were significant and most 

suitable for practical performance with good degree of confidence. They described this 

technique as an alternative to the use of animals and humans for the bioavailability analysis 

(Singhvi et al., 2015, Singhvi et al., 2014b, Singhvi et al., 2014a).  

2.2 Aspects governing the GRDDS 

There are numerous aspects those need to be considered for the formulation of 

GRDDS which are deemed essential for prolonging the dosing intervals of shorter half-life 

drugs and thus ultimately increase patient compliance.  

2.2.1 Issues linked to the delivery systems 

There are multiple concerns that relate to the delivery systems and can be controlled 

to enhance the residence time in the stomach. The pyloric sphincter only allows the food 

contents to pass through when they reaches a particle size of 1-2 mm so the delivery system 

having size of greater than migrating size can be retained largely in stomach. The swelling 

of the delivery system can play an important role in this connection as the small sized 

systems can pass during digestive phase and larger size of delivery systems can be shifted 

to small intestine only by housekeeping waves. The shape of the delivery system is also 

contributing factor towards gastric retention as primarily cylindrical shape (tetrahedron) 

devices have greater potential for gastric retention as compared to some supplementary 

shapes. Additionally density of the delivery systems is also a contributing factor to GRDDS 

as low denser systems can float on the surface of gastric fluid while higher density devices 

will sediment and not affected by motility of stomach preventing these systems from 
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antrum that can swept these into small intestine. The most effective delivery system gets 

attached to the walls of the stomach and remain there for pronged period of time. The 

bioadhesive systems are proved to be the most effective gastroretentive systems with best 

benefits of gastric retention and sustained/controlled release (Pawar et al., 2012, Donnelly 

and Woolfson, 2015, Arya and Pathak, 2014) 

2.2.2 Issues related to contents of food in stomach 

The GIT motility in fasting conditions of the stomach develops strong motor 

activity repeatedly occurring every one and half hour to two hours. This strong motor 

activity moves the contents of stomach to small intestine and has the potential to migrate 

the GRDDS similarly if it is administered during this activity. The MMC is largely reduced 

during fed state that can result in prolonged gastric retention of systems (Brijs et al., 2014). 

The GRDDS is also largely depending on presence of type and frequency of food contents 

in stomach. The caloric and fatty contents, viscosity and volume along with incidence of 

feeding are major contributors. The gastric residence time (GRT) of GRDDS thus improved 

ultimately leads to increased absorption of drugs. The caloric contents of the food could be 

different for different foods that cause increase in osmolality and acidity resulting in 

decreased gastric emptying (Streubel et al., 2006). 

2.2.3 Issues relating to patient 

The gender of the patient is also considered as major contributor to gastric emptying 

rate. Males have a little faster rate of gastric emptying as compared to females and it has 

been demonstrated in a study that mean gastric retention time during movement in males 

was found considerably higher than females (Mojaverian et al., 1988). Besides gender as a 

factor it was evaluated that age of the male elderly patient also affect the mean GRT that 
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was significantly prolonged for the geriatric individuals than the young ones having same 

diet schedule. The mean GRT for individuals was not found statistically different when the 

postural state was upright, supine or ambulatory (Mojaverian et al., 1988). Considering the 

floating systems, the best posture is upright as GRDDS can float to the surface of gastric 

fluid for prolonged period of time and remain at a distance from pylorus. The non-floating 

systems except mucoadhesive systems have the tendency to pass early from stomach as 

they sink to bottom and can be affected by peristaltic movements that in supine state can 

result in more rapid rate of emptying of stomach.  

The administration of GRDDS concomitant to some specific drugs having impact 

on gastric retention/transit time can significantly alter the stay time of system in the 

stomach. The examples of such drugs are atropine, propantheline, codeine, cispride and 

metoclopramide etc. These can also be broadly classified as anticholinergic (increase 

GRT), Opiates and prokinetic (decrease GRT) substances (Streubel et al., 2006). 

2.2.4 Issues relating to disease state and gastric fluid 

Some disease conditions of local and systemic nature also influence the gastric 

retention time such as hypothyroidism, gastric ulcer, diabetes (increased gastric retention 

time), duodenal ulcers and hyperthyroidism (decreased gastric retention time) (Pandey et 

al., 2012). The volume of the gastric fluid also influences the gastric retention time. The 

GRT of the stomach is lesser as the volume of the fluid increases from normal (resting 25-

50 ml). Greater the amount of liquid administered at the time of administration of GRDDS 

can significantly reduce the gastric retention. The same is true for liquids administered at 

37 oC than administration at below or higher than 37oC (Makwana et al., 2012).   
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Chapter 3 MATERIALS, ANIMALS AND 

METHODS 

3.1 Materials  

Acetaminophen (99.1%) was a kind gift from CCL (Pvt.) Ltd. Lahore, Pakistan. 

Milnacipran HCl (Assayed 99.7%), polycaprolactone (molecular weight 40,000) in the 

form of granular flakes (pellets) and chitosan (93% w/w) powder having 76.19% degree of 

deacetylation (low and medium molecular weight) having densities between 0.3-0.67 g/ml 

were purchased from Sigma-Aldrich. Magnesium stearate NF, lactose of Parchem USA, 

acetonitrile, dichloromethane, chloroform, glacial acetic acid, hydrochloric acid (37%), 

monobasic potassium phosphate, potassium chloride, potassium dihydrogen phosphate, 

ammonium chloride, triethylamine, diethyl ether, orthophosphoric acid and sodium 

hydroxide of Merck, F.R Germany were purchased from the local market. EDTA tubes 

(K3EDTA, Atlas Labovac, Italiano) and Normal Saline (0.9%, Otsuka, Pakistan) were 

purchased from local market. All the chemicals and reagents purchased were of analytical 

grade. Purified water obtained by double distillation.  

3.1.1 Animals  

For in-vivo pharmacokinetics study hybrid strain stray, adult male dogs weighing 

12-18 kg were obtained from the dog center of the University of Veterinary and Animal 

Sciences (UVAS), Lahore. An ethical approval was obtained from the animal ethics 

committee of the Punjab University College of Pharmacy, University of the Punjab, Lahore 

vide letter no AEC/UCP/1036/4313, dated 12/12/2015. 
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3.2 Study design 

The current study was aimed at the development and characterization of 

mucoadhesive oral sustained release system for MCN according to the schematics specified 

in Figure 3.1 where two different types of granulation techniques were opted to prepare MCN 

tablets using CH and PCL as polymers. Being expensive, instead of MCN, the preliminary 

study of the optimization of formulation composition was accomplished by using ACP, an 

OTC drug having similar characteristics to MCN to avoid more exposure to MCN due to its 

special category. These were optimized using design of experiment approach to find 

formulations solutions that were applied to MCN. Four optimized MCN formulations along 

with scale up quantities (double weight) of ingredients were analyzed to select the optimized 

formulation for in-vivo studies. The MCN based mucoadhesive tablets were characterized in-

vitro for establishing parameters of release characteristics and quality attributes. 

The optimized MCN formulation was carried on for the in-vivo pharmacokinetics 

study and establishment of IVIVC. The in-vivo study employed a balanced, single dose, 

parallel design to compare the pharmacokinetics of the solution of MCN and developed 

formulation in two groups of dogs. One group was tested with oral solution of MCN while 

other group was tested with selected optimized MCN formulation (M54). Animal and 

Ethical committee of the Punjab University College of Pharmacy, University of the Punjab, 

Lahore approved the parameters of the experimentation erstwhile to study in-vivo 

pharmacokinetics. 
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Figure 3.1: Schematic representation for optimization of granulation technique 
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3.3 Methods 

3.3.1 Preparation of swellable matrix tablets  

The swellable matrix tablets were prepared by two modified granulation methods; 

hot melt and solvent based wet granulation. The detailed description of these methods are 

given in following section. 

3.3.1.1 Modified hot melt granulation of acetaminophen with addition of 

polymer solution in molten matrix 

The swellable matrix tablets of ACP were prepared by hot melt granulation 

technique with some modifications of the solvent-based second polymer solution addition 

in the molten matrix thereafter blending it with solid drug and diluents mixture to cause 

granulation. Being cheaper and OTC drug, acetaminophen was used to select the optimal 

composition of CH and PCL combination for later development of MCN. 

ACP, chitosan low molecular weight (CH LM), chitosan medium molecular weight 

(CH MM), and lactose were weighed separately on analytical balance (Shimadzu, ATY 

224, Japan), milled to uniform size and passed through a sieve No. 40. Fixed amount of the 

ACP (100 mg) was incorporated in each blend formulation. According to the Table 3.1, the 

blends were prepared using chitosan to polycaprolactone ratios of 80/20, 85/15, 90/10, and 

95/05, respectively, using both low and medium molecular weight chitosan separately. 

Each blend contained fixed amount of lactose (diluent) and magnesium stearate (lubricant) 

in quantities of 70 mg and 5 mg, respectively.  
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Table 3.1: Composition of swellable acetaminophen matrix tablets (preliminary 

study) prepared by hot melt granulation using drug to polymer ratio of 1:2. 
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F1 200 - - 375 

F2 - 200 - 375 

F3 160 - 40 375 

F4 170 - 30 375 

F5 180 - 20 375 

F6 190 - 10 375 

F7 - 160 40 375 

F8 - 170 30 375 

F9 - 180 20 375 

F10 - 190 10 375 

 

PCL (hydrophobic polymer) was weighed and placed in the container, heated 

slowly to 80oC with constant stirring at a speed of 50 rpm on a hot plate magnetic stirrer 

until melted, and then CH in solution form with 77% acetic acid was added while 

maintaining temperature of 80oC for about 20 min to ensure homogenous mixing. 

Acetaminophen along with lactose (diluent) was added to the molten matrix at 80oC and 

stirred at 50 rpm until it is homogenously mixed in the above phase. The molten solution 

matrix of both phases was allowed to cool and solidified at room temperature at constant 

stirring rate of 50 rpm. The solidified matrix was milled and reduced to granules of uniform 

shape by passing it through mesh size 20. The prepared granules were blended with the 

magnesium stearate and compressed under a fixed force to achieve 1 mm thick flat disks 
41 

 



 

of uniform size, thickness and hardness using a hydrolytic press (Hussain et al., 2011). CH 

(both grades) was also dry blended with acetaminophen and lactose and then compressed 

to tablets using magnesium stearate as a lubricant. A total of 10 formulations labelled as F1 

to F10 were prepared, using different blends of polymers in different ratios (Table 3.1). The 

prepared matrix tablets were stored in desiccators at room temperature for further testing. 

 

3.3.1.2 Modified hot melt granulation of MCN with addition of polymer 

solution in molten matrix 

Same methodology as given in the Section 3.3.1.1 was adapted for preparation of 

milnacipran HCl which raised some flaws in blend formation and did not allow granulation 

due to stickiness nature of the blend (MCN with CH). Thus, slight modification was done 

in the above procedure which is briefly stated under. 

3.3.1.3 Wet granulation of MCN with novel solvent based polymer 

solution blend with dry matrix  

A wet granulation technique was attempted using solvent (DCM or Chloroform) 

based second polymer (PCL) solution addition to the dry matrix of first polymer (CH) with 

drug and diluents and thereafter blending this mixture to cause granulation. The swellable 

mucoadhesive matrix tablets were blended and compressed directly as under. 

MCN, CH LM with ≤0.3 g/ml density, CH MM with ≤0.67 g/ml density, and lactose 

were weighed separately, milled to uniform size and passed through a sieve No. 40. These 

were blended in a V-shaped tumbler for 40 min until homogenized and placed in an oven 

at 40 ºC for drying. Fixed amount of the drug, MCN (100 mg) was incorporated in each 
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blend formulation. The blends were prepared using drug to polymer ratios 0.5/1, and 

chitosan to polycaprolactone ratios of 80/20, 85/15, 90/10, and 95/05, respectively, using 

both low and medium molecular weight chitosan separately (Table 3.2). Each blend 

contained fixed amount of lactose (diluent) and magnesium stearate (lubricant) in quantities 

of 70 mg and 5 mg, respectively.  

The granular flakes of PCL were weighed accurately and placed in the closed 

container with different solvents (dichloromethane (DCM), chloroform (CF)) separately, 

agitated slowly with constant shaking on a vortex mixer at a speed of 50 rpm until dissolved 

to form PCL solution, and then homogenized CH, MCN and lactose matrix was added to 

above solution with constant stirring on magnetic plate while maintaining temperature of 

25 ºC for about 30 min to ensure homogenous wet mixing of dry matrix with polymer 

solution. The homogenized paste of both phase solution matrix was allowed to stand 

overnight in a narrow mouth container for evaporation of solvents till solidified and milled 

next day at elevated temperature of 40 ºC with spatula. The solidified matrix was further 

milled and reduced to fine granular powder of uniform shape and size by passing it through 

sieve no. 40 and placed in an oven at 40 ºC for three days to ensure complete removal of 

solvent from the fine granular powder. The prepared fine granular powder was blended 

with the magnesium stearate and compressed under a fixed force to form tablets of almost 

uniform size, thickness and hardness using a single punch rotary machine. CH (both grades) 

was also dry blended with MCN and lactose and then compressed to tablets using 

magnesium stearate as a lubricant. 
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Table 3.2: Composition of swellable acetaminophen matrix tablets (preliminary 

study) prepared by wet granulation using drug to polymer ratio of 1:2.  

 

A total of 14 formulations out of 18 (M1 to M18) were prepared, using different 

blends of polymers in different ratios (Table 3.3). The method was initially run with 

acetaminophen to conform the formation of blend and proper characterization methods for 

18 formulations (Table 3.3) and application of design of experiment. The prepared matrix 

tablets were stored in desiccators at room temperature for further processing. 

 

Formulations 

Chitosan (mg) 
PCL 
(mg) Solvent 

Tablet weight. 
(mg) including 
drug 100 mg, 

lactose 270 mg and 
mag. Stearate 

5mg. 

LM MM 

A1 160 0 40 Chloroform 575 
A2 170 0 30 Chloroform 575 
A3 180 0 20 Chloroform 575 
A4 190 0 10 Chloroform 575 
A5 200 0 0 Direct Compression 575 
A6 0 200 0 Direct Compression 575 
A7 0 160 40 Chloroform 575 
A8 0 170 30 Chloroform 575 
A9 0 180 20 Chloroform 575 
A10 0 190 10 Chloroform 575 
A11 160 0 40 Dichloromethane 575 
A12 170 0 30 Dichloromethane 575 
A13 180 0 20 Dichloromethane 575 
A14 190 0 10 Dichloromethane 575 
A15 0 160 40 Dichloromethane 575 
A16 0 170 30 Dichloromethane 575 
A17 0 180 20 Dichloromethane 575 
A18 0 190 10 Dichloromethane 575 
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Table 3.3: Composition of swellable mucoadhesive matrix tablet of MCN (preliminary 

study) prepared by wet granulation using drug to polymer ratio of 1:2. 
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M1 200 - - - 575 

M2 - 200 - - 575 

M3 160 - 40 Dichloromethane 575 

M4** 170 - 30 Dichloromethane 575 

M5 180 - 20 Dichloromethane 575 

M6** 190 - 10 Dichloromethane 575 

M7 - 160 40 Dichloromethane 575 

M8** - 170 30 Dichloromethane 575 

M9 - 180 20 Dichloromethane 575 

M10 - 190 10 Dichloromethane 575 

M11 160 - 40 Chloroform 575 

M12 170 - 30 Chloroform 575 

M13 180 - 20 Chloroform  575 

M14** 190 - 10 Chloroform  575 

M15 - 160 40 Chloroform  575 

M16 - 170 30 Chloroform  575 

M17 - 180 20 Chloroform  575 

M18 - 190 10 Chloroform  575 

*total formulations, **not included in DoE 
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In the subsequent sections, complete analysis performed on all the formulations 

discussed in the study are arranged in two sections (preliminary and optimized) for better 

perception of the research work. 

3.3 In-vitro characterization of swellable matrix tablets (preliminary 

study) 

The swellable matrix tablets of the preliminary formulations of both acetaminophen 

and MCN were analyzed for three parameters, i.e. hardness, friability and drug release. 

Floating ability was determined for 10 formulations of acetaminophen prepared by hot melt 

granulation. These were also characterized for kinetic of drug release and compatibility 

analysis (FTIR). The preliminary formulations of MCN were analyzed for physical 

characterization, swelling index and in-vitro drug release.  

The prepared swellable matrix tablets were characterized for physical parameters 

including weight variation, friability, hardness, thickness, diameter and content uniformity. 

The selected formulations for physicochemical properties were M1 to M18, A1 to A18 of 

preliminary study. 

3.3.1 Hardness  

Hardness of the tablets (n=10) was determined by measuring the crushing strength 

of tablets using Monsanto hardness tester (Curio, Pakistan) by placing the tablet between 

the open jaws horizontally and were tightened till it was broken to parts/pieces.  
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3.3.2 Friability 

Friability of the matrix tablets was determined by using Roche friabilator (Curio, 

Pakistan) selecting 10 accurately weighed tablets from each formulation. The tablets were 

rotated in friability tester for 4 min at 25 rpm to complete total 100 revolutions. The 

percentage weight loss was determined as a percent friability of the formulations. 

3.3.3 Content uniformity 

For determination of content uniformity of drug, 10 matrix tablets from each 

formulation were accurately weighed and individually powdered using pestle and mortar. 

The obtained powder of the matrix tablets was dissolved in 100 ml of the HCl buffer pH 

1.2. The obtained solution was further diluted using one ml of the above solution and 

diluting to 100 ml with same buffer, pH 1.2, and analyzed with UV-Visible 

spectrophotometer at 220 nm for milnacipran HCl concentrations. The obtained absorbance 

was compared with the standard curve prepared using known concentration of drug.  

3.3.4 Content by weight 

The weight variation of the tablets was determined by taking weight of 20 tablets 

selected individually from different batches using an electronic balance (Shimadzu, Japan). 

The weight data obtained was analyzed for calculation of percent variation among tablets 

and mean weight of the formulation. Additionally, the diameter and thickness of the 

developed tablets (n=10) were determined by using Vernier caliper (Seiko brand, China).  
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3.3.5 Water uptake and swelling studies 

In-vitro water-uptake studies for swellable tablets (M1 to M18) were performed in 

hydrochloric acid (HCl) buffer, pH 1.2 simulating gastric environment of humans for 16-

24 hours and increase in weight of the tablets was measured for the predetermined period 

of time. Each tablet with constant thickness and hardness was weighed and designated as 

W1. It was dipped in simulated gastric fluid being placed on a pre-weighed glass slide for 

a predetermined period of time. The tablets were removed from the fluid and wiped off 

from surrounding water by using absorbent paper. These were weighed individually to get 

the weight W2. Water uptake ability of the tablets was determined by using following 

equation as a weight (WU) increase of the tablets when remained immersed in simulated 

gastric fluid for 16-24 hours. 

% 𝑊𝑊𝑈𝑈 = �(𝑊𝑊2 −𝑊𝑊1)
𝑊𝑊1
� � × 100    Equation 3.1 

3.3.6 In-vitro buoyancy test 

Gastroretentive ability of the acetaminophen hot melt granulated tablets were 

analyzed using buoyancy test. The floating ability of the matrix formulations (F1-F10) were 

evaluated by using blade like propeller equipped with shaft having motor that can rotate 

the impeller inside a beaker at a speed of 50 rpm at 37 ºC ± 0.5 ºC. The matrix tablets (n=3) 

were placed in the beaker individually containing HCl buffer (pH 1.2) as a media and 

impeller was set on rotation at 50 revolutions per minutes at 37 ºC ± 0.5 ºC temperature. 

The lag time for the formulation (in triplicate) to float and total time to remain buoyant in 

the HCl buffer was determined over the period of 12 h (El-Gibaly, 2002). 
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3.3.7 Fourier transform infrared spectroscopy (FTIR) 

Drug excipient compatibility analysis was performed using FTIR. Fourier transform 

infrared spectroscopy was used to assess any possible interactions between polymers and 

drug in the solid state. The scanned spectra were collected on FTIR spectrophotometer 

(Thermo Nicolet 6700) at a resolution of 4 cm-1 in between wave number of 400 to 4000 

cm-1. The small amount of grinded sample was placed on the detector and was compressed 

to a 12 mm disc by a hydraulic press at 10 tons compression force for 30 seconds. 

3.3.8 Dissolution studies 

In-vitro dissolution studies for the preliminary matrix tablets were conducted to 

analyze the percentage of drug released after specified time intervals, using USP dissolution 

test apparatus-II (paddle type) Erweka, Germany. Dissolution was carried out according to 

USP 32, using 900 ml hydrochloric acid buffer, pH 1.2 with paddles rotation set at 50 rpm. 

The dissolution media was calibrated to the temperature of 37 ± 0.5 ºC prior to the test. 

With each sampling, 5 ml aliquots were withdrawn with a pipette at 0.5, 1, 1.5, 2, 3, 4, 6, 

8, 10 and 12 h intervals, and the same amount of fresh dissolution medium already 

maintained at 37 ºC was replaced after each withdrawal to maintain total volume constant. 

The samples were filtered through the 0.45μm membrane filter using Sartorius syringe 

filtration assembly (Sartorius AG, Germany). The filtered samples, diluted ten to twenty 

times with the dissolution media to achieve proper concentrations, were assayed for 

released acetaminophen at 280 nm and MCN at 220 nm using dual beam UV-Visible 

spectrophotometer (AG instruments UV-1602, Shimadzu, Japan) and compared against the 

standard curve prepared of known drug solutions analyzed at same wavelengths. 
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3.3.9 Standard solutions preparation 

Acetaminophen and MCN each were accurately weighed in quantity of 1g and 

transferred separately to a volumetric flasks of 50 ml capacity containing 10 ml of water or 

HCl buffer (pH 1.2) and mixed well till dissolved. The volume was made 50 ml with the 

solvent (water or HCl buffer) to yield primary stock solution (20mg/ml). The primary 

solution was further diluted to prepare 400µg/ml secondary solution. It was further diluted 

serially to a concentration range of 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 μg/ml for acetaminophen 

and 4, 8, 12, 16, 20, 24 μg/ml concentration ranges for MCN. 

3.3.10 Kinetics of drug release 

The release data were analyzed using DD Solver (a freeware Microsoft Excel add-

in) (Zhang et al., 2010). The in-vitro drug release pattern was analyzed by fitting data to 

various release kinetic models including Zero-order, First-order, Higuchi, Hixson Crowell, 

and Korsmeyer–Peppas model using the kinetic equations as follows: 

Zero Order:   Qt = K0t   Equation 3.2 

First Order:   Qt = ln Q0 −  K1t  Equation 3.3 

Higuchi:   Mt = KHt1 2�    Equation 3.4 

Hixson Crowell:  Q0

1
3�  −  Qt

1
3� = KHCt  Equation 3.5 

Korsmeyer-Peppas:  Mt
M∞
� = Ktn   Equation 3.6 

Where Q0 indicate amount of drug at zero time present in tablets, Qt represent 

amount of drug released at definite time, Mt and M∞ are indicative of amount of drug taken 
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at a specified time and at infinite time, respectively. The terms such as K0, K1, KH, KHC 

and K are the release kinetic constants derived from the measured linear curves of zero-

order, first-order, Higuchi, Hixson Crowell and Korsmeyer–Peppas model respectively. 

3.4 Optimization of MCN formulations 

The RSM approach implemented in DX® version 10, was adopted to find out critical 

factors for the properties of MCN so as they could be manipulated for getting the optimized 

formulations of MCN. 

3.4.1 Analysis of data using design of experiment 

The acetaminophen formulations according to the data given in Table 3.2 were 

analyzed to get optimized solutions. The historical data option in DX® version 10 enables 

entry of user-defined data as well. The above data were entered in the historical node in 

Design Expert® 10 to establish the cause-and-effect relationships. 

Based on the results obtained during the initial analysis with acetaminophen, a 

preliminary design 2-catagoric, 2 component mixture layout of design (Actual x Actual) 

was run to evaluate the data based on formulation’s methodology and quality attributes, 

used as a memory string for the analysis with design of experiment (DoE) to find 

composition for the optimized formulations. The data analysis predicted different 

compositions representing blends of three polymers. According to the optimized solutions 

first ten optimized compositions were adopted and manipulated. For verification of 

optimization results, four formulations, two each with dichloromethane and chloroform as 

novel solvents, containing a fixed quantity of CHMM, i.e., 185 mg, varied concentration 

of CH LM/MM and PCL between 5-10 mg were used to build total 200 mg of polymers in 
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blends with fixed MCN (100 mg) were prepared after optimizing the quality attributes as 

given in Table 3.4. 

Table 3.4: Optimized formulations of MCN based on preliminary factors using drug 

to polymer ratio as 1:2.  
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M21 10 185 05 Dichloromethane 555 

M22 05 185 10 Dichloromethane 555 

M23 10 185 05 Chloroform 555 

M24 05 185 10 Chloroform 555 

 

For MCN, I-optimal (customized) 2 categoric, 2 component mixture design, a 

flexible structure accommodating 2 categorical factors, viz type of chitosan and PCL and 2 

mixture components such as types of chitosan and types of solvents with constrained region 

for categoric factors where their total amount did not exceed 200 was employed. The DX® 

10 generated the template (Table 3.3), according to which 14 out of 18 formulations were 

prepared. However, the formulations without PCL (shown with PCL’s zero value, Table 

3.3) were prepared without the addition of solvent by direct compression and the data with 

14 formulations were analyzed. Based on the goodness of fit statistics, the modified 

quadratic with two-factor interaction model fitted the data well. 
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The MCN formulations (M1 to M18) produced predicted optimized composition of 

factors and first two compositions for optimized formulations of MCN were selected and 

prepared, exploiting 182mg of CHLM, 18mg of PCL (M19) and 185mg of CHMM, 15mg 

of PCL (M20) formulation employing chloroform as granulating solvent. The more 

comprehensive formulation solutions were obtained with acetaminophen as both type of 

chitosan were employed so were used in further optimization study. Based on 

acetaminophen analysis results, the optimized mucoadhesive tablets of MCN (M21 to M24) 

were prepared according to method stated in Section 3.2.2 using drug to polymer ratio 0.5/1 

and CH LM & MM to PCL ratios 5/92.5/2.5 and 2.5/92.5/5 with both solvents separately.  

3.4.2 Assessment of reproducibility by scaling up and down of MCN 

formulation 

Furthermore, the selected blends were adopted for reproducibility analysis of tablet. 

Formulations M41 to M44 (Table 3.5) were prepared with decreased diluent, doubled MCN 

(200 mg) and polymers (400 mg) quantities than optimized formulations M21-M24 for 

further evaluation of the optimization analysis. The formulations M51 to M54 (Table 3.6) 

with scaling down MCN (30 mg) quantities according to weight based dose of animal (dog) 

were prepared using same optimized blend of polymers (200 mg) and additional diluent 

added in place of drug. The data obtained from these formulations was analyzed and the 

optimized level of factors was carried on basis of the desired quality attributes. An 

optimized formulation M54 was selected which was taken up into pharmacokinetic study 

(in-vivo). 
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Table 3.5: Further optimization formulations of MCN based on preliminary factors 

for scale up analysis (MCN 200 mg). 
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M41 20 370 10 Dichloromethane 655 

M42 10 370 20 Dichloromethane 655 

M43 20 370 10 Chloroform 655 

M44 10 370 20 Chloroform 655 

 

3.5 Characterization of the optimized formulations 

The validation/optimized formulations of MCN (M21-24 and M41-44) were analyzed 

comprehensively for physical parameters, water uptake, mucoadhesion, contents 

compatibility, release kinetics, and in-vivo pharmacokinetic analysis. 

3.5.1 Hardness  

Hardness of the matrix tablets (M21-24 and M41-44) was characterized using the same 

method as given in Section 3.3.1. 
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Table 3.6: Optimized formulations of MCN based on preliminary factors for in-vivo 

analysis on dogs at scale down MCN (30 mg).  
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M51 10 185 05 Dichloromethane 555 

M52 05 185 10 Dichloromethane 555 

M53 10 185 05 Chloroform 555 

M54 05 185 10 Chloroform 555 

 

3.5.2 Friability 

Friability of the matrix tablets (M21-24 and M41-44) was characterized using the same 

method as given in Section 3.3.2. 

3.5.3 Content uniformity 

The content uniformity of the optimized formulations (M21 to M24 and M41-M44) 

was performed according to the method given in Section 3.3.3.  

3.5.4 Content by weight 

The weight variation, thickness and diameter of the optimized swellable matrix 

tablets (M21 to M24 and M41-M44) was determined as demonstrated in Section 3.3.4. 
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3.5.4 Mucoadhesive time 

The system to be declared as GRDDS should remain adhere to the mucosa for the 

full length of drug release. The mucoadhesion time was determined by adhesion of 

mucoadhesive tablets with freshly cut intestinal mucosa of rabbit (slaughtered in an 

experiment of pharmacology lab in IPS, UVAS, Lahore). The mucosa was stretched and 

spread on the flat glass slide and tied to the surface with a sting crossing the glass slide at 

three different positions. The mucoadhesive tablet was rinsed to wet with HCl buffer (pH 

1.2) for five minutes and then stuck to the surface of mucosa by applying a little force with 

fingertip for almost 30 seconds. The glass slide having mucosa attached to tablet was then 

placed in a beaker containing 500 ml of HCl buffer (pH 1.2) being maintained at 37 ºC ± 

0.5 ºC to determine the adhesion time for 12 h. The buffer was stirred at 50 rpm with a 

paddle type of impeller to simulate gastric conditions. The time tablet took to get detached 

from the intestinal mucosa was noted and mentioned as a mucoadhesive time for tablets. 

3.5.5 Mucoadhesion strength 

Sheep intestinal mucosa was removed from a freshly slaughtered sheep from a local 

slaughter house in Anarkali, Lahore. The intestinal mucosa was preserved in hydrochloric 

acid (HCl) buffer, pH 1.2 for further procedure. Fine point forceps and surgical scissors 

were used to cut and stretch the mucosa and also to remove the connective tissues and 

debris from the mucosa. The intestinal mucosa was then washed with ringer lactate solution 

and ultimately with HCl buffer pH, 1.2 and immediately used for the test. 

The in-vitro mucoadhesion strength was measured in terms of the force required to 

pull out a sheep intestinal mucosa (surface area 3 mm2) from the surface of mucoadhesive 

tablet with a tensiometer (LLOYD instruments, LF2276, Germany). The mucoadhesive 
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tablets (weighing 650±15 mg) were placed on the base support of the instrument previously 

immersed in HCl buffer (pH 1.2) for at least 15 min. Sheep intestinal mucosa was fixed 

uniformly to upper support plate of instrument with cyanoacrylate adhesive. The mucosa 

was then suspended from the tensiometer spring to lower towards the tablet until it just 

contacted the surface of the tablet. A 60-dyne force, measured by the torsion balance of the 

instrument as a negative force, was applied to the tablet for 120s, so that a complete bond 

formation can take place. Then, the intestinal mucosa was raised slowly until it was 

completely detached from the tablet. The tensiometer reading at this point represented the 

adhesive bond strength between mucosa and tablet and was expressed as a positive force 

in dyne. The same procedure was executed for three different tablets from each batch 

formulations and was calculated the average with standard deviations (Luppi et al., 2010).  

3.5.6 Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared spectroscopy was used to assess any possible interactions 

between polymers and drug in the solid state of the matrix tablets prepared for optimization 

study as described in Section 3.3.7  

3.5.7 Differential scanning calorimetry (DSC) 

DSC is used to determine the enthalpy of melting (fusion), the heat capacity, glass 

transition temperature, and the change in heat capacity for the glass transition for materials 

under test. Differential scanning calorimeter (Q2000 DSC TA instrument) was used for the 

analysis of mucoadhesive tablets. 5.5 mg samples of pure drug (MCN), chitosan low 

molecular weight, chitosan high molecular weight, polycaprolactone and matrix tablets 

were sealed in aluminum pan individually and DSC thermograms were recorded from 25 
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℃ to 250 ℃, a flow rate of Nitrogen gas at 10 ml per min and heating rate of 10 ℃/min 

was maintained during the experiment. An empty aluminum pan was used as a reference. 

3.6 In-vitro drug release analysis  

MCN was analyzed in the preliminary study for release characteristics of the 

developed formulations by UV-VIS spectrophotometer and was estimated at a very low 

wavelength of 220 nm. Such a shorter wavelength can cause potentially wrong estimation 

of contents due to less sensitivity of instrument at these wavelengths. The need of accuracy 

and more confidence on the expected results drove us to the development of derivatized 

method for MCN estimation in the bulk and matrix tablets prepared.  

3.6.1 Preparation of standard drug solutions 

For derivatization of MCN, the primary stock solution of 20mg/ml (Section 3.3.9) 

was further processed by dilution with water as a solvent to working standards of 400, 80, 

32, 24, 16, 12, and 8 µg/ml. The standard solutions of drugs were first diluted in water or 

HCl buffer (pH 1.2) and were made to volume with the same solvent to generate desired 

concentrations (Hussain et al., 2013). These concentration ranges were selected on the basis 

of linearity and reproducibility of results in inter as well as intraday experimentation. The 

acceptable linearity based on regression value was at least R2 ≥0.999. 

3.6.2 Dissolution studies 

MCN samples being derivatized using ninhydrin solution were analyzed at 570 nm 

wavelength according to method reported in Section 3.6.3 and Subsection 3.6.3.4.2. The 

obtained results in triplicate were averaged, standard deviations were calculated and best 
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fit values were selected within 5% of the mean value. The percentage drug release was 

calculated from the standard curve prepared as discussed above in the Section 3.6.1. 

3.6.3 Colorimetric method development for MCN 

An accurate and sensitive calorimetric method was aimed to access the MCN 

concentration from the swellable matrix tablets of the final optimized formulations to 

establish accurate release profile that can be compared with the in-vivo pharmacokinetic 

study results. For derivatization reaction, the stock and diluted MCN solutions (Section 

3.6.1) and solution of ninhydrin were prepared and then reacted. 

3.6.3.1 Ninhydrin solution 

The crystals of ninhydrin were accurately weighed as 500 mg, 250 mg and 200 mg, 

and were separately dissolved in 50 ml of ethanol when placed in 100 ml volumetric flasks. 

The volume was made 100 ml with ethanol to form working standard solutions (0.5%, 

0.25% and 0.2%). Similarly same quantity of ninhydrin was added to 6 ml of acetone and 

50 ml of water in a 100 ml volumetric flask and dissolved completely. The volume was 

made 100 ml with water. 

3.6.3.2 Reaction of ninhydrin with MCN 

For derivatization reaction, capped test tubes of 10 ml capacity and uncapped test 

tubes of 20 ml capacity already maintained to boiling water temperature were used. One 

ml of the standard MCN solutions covering the wider range of concentrations, i.e., 8-400 

µg/ml and 3 ml of ninhydrin solution with concentration of 0.2%-0.5% was transferred to 

each test tube making the total volume as 4 ml. The capped test tubes were heated in a 

glycol bath for 30 minutes at temperature of 120 ±10 ºC. The uncapped test tubes were 
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heated directly on a naked uniformly spread flame at a flame separation of 2.5 cm for two 

minutes to allow the reaction to proceed. 

3.6.3.3 Analysis of the derivatized solution 

The reaction resulted in the formation of Ruhemman’s Purple of dark purple color 

on naked flame and light purplish brown (reddish) color in the capped test tubes heated in 

glycol bath. One ml of each solution was transferred to volumetric flasks for dilution 

purpose and was diluted with distilled water to make the desired concentrations for 

analysis. The prepared solutions were analyzed for absorbance of concentration at 570 nm 

wavelength for quantification against the blank reagent. One spot of the reacted reagents 

was also spotted on aluminum coated TLC plates for florescent measurements at 

wavelength 255 nm and 366 nm.  

3.6.3.4 Application of method to MCN matrix tablets in in-vitro testing 

The developed method was applied to all the known and unknown samples of MCN 

tablets obtained by extraction from tablets or sampled after in-vitro dissolution. These 

methods are stated in detail as under. 

3.6.3.4.1 Application of method to known MCN samples 

The swellable matrix tablets containing 100 mg of MCN each were crushed and 

reduced to powder and sieved through sieve 60. The powder was transferred to a conical 

flask containing 50 ml of HCl buffer, pH 1.2. MCN was extracted from the matrix tablets 

by vortex shaking of flask for half an hour and filtered to remove the solid polymeric 

contents. The filtrate was transferred to 100 ml volumetric flask and made to volume with 

water. The resulted solution was further diluted to obtain the working sample solution of 
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80 µg/ml concentration. This solution was reacted with ninhydrin as described (Section 

3.6.3.2) to obtain the purple colored product on naked flame. The colored product was 

analyzed at 570 nm using UV-Vis spectrophotometer and was computed for concentration 

of MCN in matrix tablets by comparing with the regression equation of the standard curve 

obtained in derivatization method. 

3.6.3.4.2 Application of method to unknown MCN samples 

The proper volume aliquots of the dissolution media were withdrawn with a pipette 

and filtered at ten different time intervals calculated after placing the tablet in dissolution 

medium. The filtered samples were further diluted ten times with the dissolution media to 

achieve proper concentrations and were reacted with 2% w/v ninhydrin solution on naked 

flame for 120 s to obtain purple colored product. The mixture was allowed to cool to room 

temperature at was assayed for released MCN at 570 nm using spectrophotometer and was 

computed using calibration curve. 

3.6.3.5 Construction of calibration curve 

The optimized standard drug solution of MCN (400µg/ml) was derivatized with 

optimized ninhydrin concentration (0.2% w/v) to form purple blue colored product. The 2 

ml of obtained solution was transferred to 10 ml volumetric flask and made to volume using 

water as a solvent to yield 80 µg/ml primary standard. This solution was further processed 

by dilution with water as a solvent to working standards of 40, 32, 28, 24, 20, 16, 12, 8 and 

4 µg/ml. The primary standard were scanned in the wavelength range of 200 nm to 600 nm 

against distilled water as a blank to select the absorption maximum point, i.e., 570 nm. The 

working standards were individually scanned at absorption maximum to yield values of 

absorbance of light. Then the working standard concentrations were plotted against the 
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absorbance values obtained to construct a calibration curve. All the readings were taken in 

triplicate.  

3.6.3.6 Validation of the method 

The developed method for quantification of MCN were validated according to 

international guidelines (ICHHT Guidelines, 2005, USP, 2005). Multiple parameters of 

validation were considered like linearity, precision and accuracy. The obtained results of 

these parameters were computed quantitatively for limit of detection (LOD) and limit of 

quantification (LOQ). 

3.6.3.6.1 Linearity 

Linearity of the developed method was established by preparing 11 different 

dilutions of primary derivatized stock Ruhemman’s purple MCN solution (400 μg/ml) with 

distilled water to yield 4-80 μg/ml concentrations and analyzed for least square regression 

analysis. 

3.6.3.6.2 Accuracy 

The accuracy of method is the closeness of the obtained values to the actual values 

for the concentrations under investigation. The accuracy of developed method was 

evaluated on three different concentrations of Ruhemman’s purple solution, i.e., 4 μg/ml 

(lower), 20 μg/ml (intermediate) and 40 μg/ml (higher) concentrations (n=6). Percent 

relative error % error) and present recovery (% recovery) were determined to establish 

accuracy of the method. Standard addition method to the tablet contents being derivatized 

with ninhydrin was also adopted to determine accuracy of the developed method. The 

addition of analyzed different concentrations of standard stock solution (4, 20, 40 μg/ml) 
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to the drug sample solution (80μg/ml) and analysis of the total concentration obtained using 

the developed method (n=6). The percent recovery of the standard drug conc. added to 

tablet contents was calculated as: 

% Recovery =  �Ca−Cb
Cc

� × 100   Equation 3.7 

Where Ca expresses the total concentration being analyzed after standard addition 

to tablet drug concentrate, Cb is concentration of MCN in tablet and Cc is concentration of 

standard stock solution added to tablet drug solution.  

3.6.3.6.3 Precision 

The measurement of repeatability and reproducibility of results is indicated as 

precision. It was measured by selecting three concentrations of stock drug derivatized 

solution (4, 20, 80 µg/ml) analyzed on the basis of interday and intraday results variations. 

Each drug concentration prepared in triplicate was analyzed at six different times of the 

one day for intraday variations and consecutively for six days for interday variations (n=6). 

Precision was reported as percent error, standard deviation, percent relative standard 

deviation (% RSD) and percent recoveries. Same method was repeated for matrix tablets 

to find the applicability of the developed method. 

3.6.3.6.4 Sensitivity 

ICH guidelines define limit of detection (LOD) and limit of quantification (LOQ) 

as measures of sensitivity of the developed method. Three times of noise of signal is termed 

as LOD and ten times of the noise of the signal as LOQ. Sensitivity of the developed method 

was also estimated in terms of different parameters such as calibration curve, slope of curve 

with values of intercept, SE and SD of the intercept etc. 
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3.6.3.6.5 Robustness 

The robustness is measure of effects on analytical effectiveness of developed 

method being opted by small change in parameters of analysis. The selected parameters for 

derivatization were 0.2%w/v solution of ninhydrin at a volume of 3 ml was replaced with 

0.25%w/v solution and similarly 1 ml of the MCN 400µg/ml was replaced with 1ml of 

80µg/ml. The absorption maximum was also modified to lesser wavelength as 566 nm. The 

relative standard deviation and recovery was calculated at each time to determine the 

robustness of the method 

3.6.4 Assessment of dissolution 

In-vitro dissolution studies for the mucoadhesive GRDDS matrix tablets were 

conducted by USP dissolution test apparatus-II (paddle type) Erweka, Germany according 

to the method discussed under Section 3.3.8. 

3.6.5 Kinetics of drug release 

The release profiles generated by in-vitro dissolution was analyzed for different 

kinetic parameters using various equations as described in Section 3.3.10. A best model 

was selected based on the highest values of R2 and model selection criterion (MSC) and 

lowest Akaike information criterion (AIC) values given by DDSolver. Korsmeyer-Peppas 

model was analyzed for ‘𝑛𝑛’ values to assign the mechanism of drug release from the 

prepared matrices. The value of n ≤ 0.45 represents case I diffusional release (Fickian 

diffusion), the values of n between 0.45 and 0.89 corresponds to an anomalous (non-

Fickian) transport, value of n = 0.89 represents a zero order relaxation (case II transport) 
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release kinetics and value of n > 0.89 corresponds to a super case II transport for tablets 

having cylindrical symmetry (Ritger and Peppas, 1987).  

3.6.6 Model independent in-vitro release characterization 

Maximum percentage of drug release during the allotted time, the time to reach 50% 

dissolution (T50%) and 80% dissolution (T80%) of the drug were calculated from the release 

data using DDSolver. The drug release of the optimized formulations selected for the in-

vivo analysis and variables were computed and compared using these subsequent 

dissolution parameters: T25%, T50%, T80%. The similarities between reference specifications 

designed (RV, Table 3.7) and in-vitro dissolution profiles of the optimized test formulations 

using design of experiment (M21 to M24) were also measured by using pair wise 

independent-model approaches described as difference factor (f1) and similarity factor (f2) 

using DD Solver software (Zhang et al., 2010).  

f1 = �∑ |Rt− Tt|n
t=1
∑ Rtn
t=1

� x100    Equation 3.8 

f2 = 50 log ��1 + 1
n
∑ (Rt −  Tt)2n
t=1 �

−0.5
x100�  Equation 3.9 

Where n is the number of samples, t is time of sample, Rt and Tt are the mean percent 

dissolved at each time point for the reference and test dissolution profiles, respectively. 

3.7 Desirability criteria – the reference specifications (RV) 

Based upon the in-vitro analysis and release characteristics, a tablet formulation 

close to the desired release specification was selected. The release characteristics of the 

developed formulation was compared to find formulation factors that affect the quality 
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attributes of formulation for selection of critical factors necessary for designing experiment 

by using DoE.  

The other desired critical quality attributes were designed as follows; mucoadhesive 

time, 12 h, hardness between 4-8 kg, friability values ≤ 0.8%, release model, pseudo first 

order model and Korsmeyer Peppas release pattern. Furthermore, the developed 

formulation should provide the rate controlled delivery at rate as given in Table 3.7. The 

desired values for the critical quality attributes and of above parameters were used for 

optimization of MCN formulations. 

Table 3.7: Desired release specifications 

 

3.8 In-vivo (pharmacokinetic) study 

Pharmacokinetics of the selected test formulations was carried out by administering 

the optimized mucoadhesive swellable matrix tablet formulation (M54) to model animals 

(dogs) after approval from the animal ethics committee of University College of Pharmacy, 

University of the Punjab, Lahore as stated in Section 3.1.1.  

3.8.1 Selection of formulations for the study 

The MCN optimized blends of the formulations based on initial acetaminophen 2-

catagoric, 2-component mixture layout design results were formulated (M21 to M24) and 

characterized for quality attributes. The high MCN concentration (100 mg), i.e., in 

optimized formulations didn’t correspond to the weight of dogs which required the 

Time (Hr) 0.5 1 2 3 4 6 8 10 12 

Release % 15 22 30 38 45 55 70 85 102 
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preparation of formulation with scale down MCN quantity of 30 mg. The reduced weight 

MCN formulations according to animal weight were formulated and designated as M51 to 

M54. On the basis of superior in-vitro release characteristics of M54 formulation over other 

group formulations, it was opted for the final in-vivo pharmacokinetic study. 

3.8.2 Selection and housing of animals 

Six male hybrid strain (breed) dogs of weight between 12 to 18 kg were housed in 

the standard kennels equipped with a well-ventilated, humidity and temperature controlled 

environment of Pet Centre University of Veterinary and Animal Sciences (UVAS), Lahore 

and fed on the standard diet for successive two months. The individual dog was given a 

free access to water throughout the experiment with feeding schedule approved by the 

veterinary nutrition department of UVAS, Lahore. The feeding of full protein diet along 

with balanced administration of carbohydrates and bones was administered daily. At least 

12 hours prior to oral drug administration, the animals were fasted but had free access to 

water. The 100 ml normal saline 0.9% (NS) was administered to each dog one hour prior 

to the administration of mucoadhesive tablets to build up the volume of blood of the animals 

in order to maintain full health status. 

3.8.3 Dosing of M54 formulation and MCN oral solution 

The oral tablets of selected formulation (M54) having dose of 2±0.25 mg/kg in an 

un-blinded, parallel design were administered at 9 AM every day to individual dogs, 

without breaking the tablet (whole compact tablet), deep in the throat with plenty of water 

after administration. The oral solution of 30 mg/10 ml was administered with 90 ml of 

water in the same scheme as matrix tablets. 

67 
 



 

3.8.4 Blood sampling 

Blood samples (≤5 ml) were withdrawn from a heparinized catheter placed in either 

cephalic vein or lateral saphenous vein before administration (zero time) as a blank and 

subsequently at predefined time intervals (1, 2, 4, 8, 12, 18, 24, and 48 h) in 5ml K3EDTA 

(1.5%, w/v) containing tubes. Samples at zero time were withdrawn to serve as blank 

control for each animal. 

3.8.5 Processing of blood samples 

The collected blood samples were centrifuged at 2500 g for 10 min by refrigerated 

centrifugation (Hettich Zentrifugen, Japan) at 5 ºC ±3 ºC. The plasma layer was 

immediately separated from blood samples and transferred to Eppendorf tubes. These tubes 

were stored in freezer at -18 ºC till extraction of MCN from plasma and analyzed for drug 

concentration. 

3.8.6 Extraction process 

Frozen plasma samples of animals were thawed at room temperature. In a glass 

tube, 500µl plasma sample (10µg/ml water spiked sample) or animal sample was mixed 

with 150 µl of 1M sodium hydroxide or saturated ammonium chloride (NH4Cl, pH 9.6) on 

a horizontal shaker for 5 min. To this mixture 5 ml of diethyl ether was added and shaken 

on the horizontal shaker for 15 min and then centrifuged at 4 ºC ±0.5 ºC for 10 min at 

2500×g. The organic layer collected from the samples was transferred to the conical bottom 

tubes and was evaporated under nitrogen to dryness at a temperature of maximum 40 ºC. 

The dried residues were reconstituted with 1 ml of mobile phase, filtered through 0.45µm 
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nylon membrane filter using syringe filtration assembly and transferred to HPLC auto 

sampler vials for analysis (Puozzo et al., 2004). 

3.8.7 Analytical method 

A validated HPLC method was developed for proper estimation of MCN in plasma 

according to ICHHT guidelines, 2005 as described in Section 3.6.3.6. The following 

requirements were met for HPLC analysis of MCN. 

3.8.7.1 Standard solution preparation  

MCN stock solution was prepared at a concentration of 1mg/ml in double distilled 

water (100mg/100ml). Different working standards were prepared at concentration range 

of 100 ng/ml to 100 µg/ml of MCN from stock solutions by serial dilutions with double 

distilled water. The quantitative analysis of drug was performed using calibration/standard 

curve, constructed from prepared plasma drug standards by incorporating MCN working 

standards in blank plasma at concentrations ranging from 10-100 µg/ml. All the solutions 

were stored at 5 ºC ±3 ºC till further analysis. 

3.8.7.2 Mobile phase 

The mobile phase comprised 720 ml phosphate buffer, pH 3.65 and 280 ml of 

acetonitrile. The phosphate buffer solution was prepared by mixing accurately weighed 

1.7g of potassium dihydrogen phosphate in 1L of double distilled water to make 12.5mM 

solution. To this solution 0.20% of triethylamine (1ml) was added and mixed. 0.1 M 

orthophosphoric acid was used to adjust the pH of solution to 3.65. The mobile phase was 

filtered through 0.45µm nylon membrane filter using syringe filtration assembly and 

degassed by placing in an ultrasonic bath (Parejiya et al., 2014b). 
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3.8.7.3 Instrumentation 

For the HPLC analysis, Agilent Technologies 1260 infinity auto sampler gradient 

liquid chromatography equipped with degasser, a pump, UV-Vis/Fluorescent detector were 

employed for the characterization of in-vivo parameters of the selected formulation (M54) 

and plasma spiked samples. Agilent HC-C18 fully end capped, 4.6 x 250 mm, 5 µm 

(588905-902) column placed at controlled temperature in column oven was used. The 

column was primarily equilibrated for at least 2 h with prepared mobile phase at a flow rate 

of 0.5 ml/min. Separation was achieved by isocratic solvent elution at a flow rate of 1 

ml/min and column temperature was kept ambient during the analysis. Back pressure of the 

system was about 2000 psi. The separations of column were monitored at UV wavelength 

of 220 nm and the injection volume was kept at 20µL.  

3.8.8 In-vivo data analysis 

Different pharmacokinetic parameters were calculated using PKSolver (a MS Excel 

add in) from the plasma level time data for milnacipran HCl. The kinetic parameters of 

MCN solution and M54 tablet were calculated by using both non-compartmental and 

compartmental approaches including the time drug took to appear in blood (Tlag), 

maximum plasma drug concentration (Cmax), time to reach maximum concentration (Tmax), 

constant of absorption (Ka), elimination (Keli), total clearance (ClT), volume of distribution 

(Vd) and half-life (t1 2⁄ ) (Pal et al., 2009, Attia et al., 2007). The compartmental approach 

was employed to obtain the distribution parameters, i.e., rate of drug transfer from blood to 

tissues and back from tissues to blood (k12 and k21), and some additional parameters which 

include A, B, α, β, t1/2 αβ, K10 etc. AUC0−t, AUCt−∞, AUMC0−∞ (area under the plasma 
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concentration versus times curve (zero moment) and the first moment curve respectively) 

and the mean residence time (MRT) was calculated using non-compartmental approach. 

The pharmacokinetic parameters after oral administration of solution and the 

selected, optimized/scaled MCN formulations were compared. The relative bioavailability 

was computed using the equation. 

% relative bioavailability of formulation (F) =  AUC0−∞ M54 formulation
AUC0−∞ MCN oral solution

X 100  

Equation 3.10 

3.9 In-vitro in-vivo correlation (IVIVC) analysis 

The IVIVC can be performed by using convolution technique in which in-vitro 

dissolution data is used to derive blood levels of drugs using its some of the 

pharmacokinetic parameters (Shargel et al., 2005). It can also be performed by calculating 

fractions and time of absorption in-vivo as well as fractions and time of dissolution in-vitro. 

The in-vitro and in-vivo data was tested for best correlation level A, or B, or C.  

The in-vitro release parameters such as T25%, T50%, and T80% were available from 

the kinetic analysis of release data by DDSolver. However for a broader comparison, the 

additional time to release 10% (T10%), 75% (T75%), 90% (T90%) were also compared from 

percentage release data using the forecast function in MS Excel®. The data and profiles of 

plasma level time curve were calculated. Additional parameters such as, the fraction of 

drug absorbed and unabsorbed are also required for establishing IVIVC. The percentage 

absorption and un-absorption was calculated using Wagner-Nelson method which uses the 

equation as:  

F =  [(Ct +  ke AUC0−t) / ke AUC0−∞]  × 100  Equation 3.11 
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Where F is the fraction of drug absorbed, Ct is the drug plasma concentration at 

time t, ke is the overall elimination rate constant, AUC0–t  is area under curve between time 

zero and t and AUC0–∞ is area under curve between time zero and infinity (Khan et al., 

2010). The above parameters were taken from the non-compartmental pharmacokinetics. 

The faction of milnacipran absorbed and unabsorbed was calculated using the Wagner-

Nelson method implemented in Pk-Fit Ver 2.01, a software to calculate pharmacokinetic 

parameters. For this calculation, the reported value of absolute bioavailability (F) was taken 

as 0.85. The estimated values of Kelim was used for calculations. The Pk-Fit generated the 

data for percent drug absorbed and unabsorbed along with time to absorb 10% (T10%), 50% 

(T50%), and 90% (T90%). To correspond the times required to release certain percentages of 

drug, i.e., T10%, T25%, T50%, T75%, T80%, and T90%, the time to absorb 25% (T25%), 75% (T75%), 

and 80% (T80%) were also computed using forecast function in MS Excel®.  

Correlation was determined by plotting time taken for 10% to 90% drug dissolution 

to that of 10% to 90% drug absorbed (T10% to T90%), In-vitro dissolution rate constant (K) 

verses area under curve (AUC) was also evaluated. 

To establish IVIVC, point to point comparison and correlation between the 

respective in-vitro and in-vivo parameters were undertaken as following: 

a) Point to point comparison of in-vitro percent release of MCN and blood concentration 

against different time intervals. 

b) Point to point comparison of percent of MCN released and percent drug absorbed 

against different time points. 

c) Point to point comparison of percent MCN unreleased and percent unabsorbed drug 

against different time intervals. 
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d) Point to point comparison of time required to release certain percent of MCN to time 

required to absorb certain percent of drug 

To establish IVIVC, correlation between the following in-vitro parameters with the 

in-vivo parameters were also performed: 

a) Percent MCN released versus plasma MCN concentration 

b) Percent MCN released versus AUC0-∞. 

c) Percent MCN released versus percent drug absorbed 

d) Percent MCN unreleased versus percent unabsorbed. 

3.10 Statistical data analysis 

SPSS ver. 21 was used for the statistical analysis of the different parameters used 

in the study. The non-parametric based analysis of 2 sample independent test using Mann-

Whitney test (2-tailed) was applied for determining the significance of differences between 

different pharmacokinetic parameters computed by compartmental and non-compartmental 

analysis were evaluated at a significance level of 0.05 (Kumar et al., 2009). 
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Chapter 4 RESULTS AND DISCUSSION 

GRDDS systems offer many advantages such as localization of drug at the site of 

maximum absorption that result in greater bioavailability even at reduced dose. It was 

established by proving the system as mucoadhesive in stomach lining. MCN shows aqueous 

solubility so is required to be controlled for achieving longer therapeutic effects. The better 

polymeric control can be achieved if they are properly formulated at predetermined 

parameters. The system was optimized using DoE and from the data for acetaminophen. 

The matrix blends of model drug and combination of polymers were tested with different 

procedures to estimate their characteristics for developing a successful delivery of drug in 

the first part of GIT. Both grades of chitosan either low or medium molecular weight 

showed greater tendency, as compared to PCL towards the floating, mucoadhesion and 

swelling of the tablet that ultimately led to early and complete dispersion of formulation 

system in the dissolution media while PCL being hydrophobic showed greater tendency 

towards retardation of release of model drugs (ACP, MCN) and dispersion in the 

dissolution medium.  

Characterization of delivery system (in-vitro drug release and in-vivo 

bioavailability) should also be studied for prime interpretation of the system so a simple 

colorimetric method was developed to test the in-vitro drug release from the GRDDS. In-

vivo bioavailability using optimized formulation based on in-vitro analysis was tested with 

a validated HPLC method. IVIVC was established to determine the correlation between 

characterizations of delivery system. 
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The swellable matrix GRDDS developed were non drug specific matrices and hence 

offer greater platform for application to a wider range of drugs, e.g., acetaminophen, 

serotonin, SNRIs (milnacipran HCl, vanlafaxine HCl, etc.) and metformin HCl. 

4.1 Characterization of ACP tablets prepared by hot melt granulation 

The acetaminophen tablets were prepared by modified hot melt granulation 

technique according to Section 3.3.1.1. The results of these formulations were aimed to be 

applied for the formulation of MCN tablets but was discontinued due to non-adaptability 

to MCN. The blends were characterized for different in-vitro parameters to establish 

compatibility and floating matrix formulation as given here. 

4.1.1 Floating capability 

The results of floating ability of the ACP matrix tablets have been summarized in 

Table 4.12. Buoyancy studies in the HCl buffer media (pH 1.2) indicated that increased 

concentration of chitosan (LM and MM) reduced the lag time to float, and tablet remained 

bounced for lesser time before completely dispersed in the dissolution media. The CHLM 

showed greater tendency to swell, float and disperse as compared to the CHMM. On the 

other hand, increasing the concentration of hydrophobic PCL in the matrix reduced the 

floating tendency and took more time to bounce in the media. The total time to remain 

floated was also markedly effected by the presence of PCL. The CHLM started floating 

within 5 min (F1) and remained floated as long as the tablet was disintegrated in one hour. 

The CH MM grade (F2) took some additional time to float as compared to CH LM grade 

and remained floating for as long as 4 hours till dispersion. The formulations F3 and F6 

remained floating for 8 and 6 h, respectively until disintegrated due to the presence of 

exceeding contents of CH LM in these formulations. All other formulations remained 
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buoyant throughout the buoyancy test period (i.e., for 12 h) which was attributed to the 

presence of MM chitosan with appropriate contents of hydrophobic PCL in these 

formulations (Hejazi and Amiji, 2003). El-Gibaly found the similar results when floating 

microspheres were prepared by chitosan as they remained float throughout the study period 

to produce controlled release dosage forms (El-Gibaly, 2002). 

Table 4.1: Floating lag time and total buoyant time for the acetaminophen 

formulations 

Formulation 

code 

Floating Lag time 

± SD (minutes) 

Total buoyancy 

time (h) 

F1 3.2 ±0.3 1.0 

F2 5.4 ± 0.5 4.0 

F3 10.8 ± 1.1 8.0 

F4 21.3 ± 1.4 ˃12 

F5 27.2 ± 0.8 ˃12 

F6 7.1 ± 0.25 6.0 

F7 22.7 ±1.7 ˃12 

F8 24.9 ±1.0 ˃12 

F9 26.6 ±1.6 ˃12 

F10 25.3 ±1.2 ˃12 

 

4.1.2 FTIR Spectroscopy 

The FTIR spectra of pure drug (acetaminophen), CH LM, CH MM, PCL and 

different blend matrices (formulations) of these chemicals were obtained to evaluate and 

identify the possible intermolecular interactions between the polymers and drug blends 

(Figure 4.1).  
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The observed spectra of pure acetaminophen (Table 4.2) showed characteristic O-

H stretching band at 3324.43 cm-1, N-H stretching band at 3161.55 cm-1, C=O (amide) 

stretching bands at 1653.18 cm-1 while amide II stretching band at 3161.55 cm-1, C-N-H 

group at 1226.55 & 1253.45 cm-1 and para-di-substituted aromatic rings at 836.64 cm-1 

which confirmed the structure of acetaminophen (Terzyk, 2001). 

The IR spectra of the floating swellable matrix blends (F3 and F10) containing CH, 

PCL and acetaminophen showed the characteristic peaks of both polymers and drug in their 

representing regions. The characteristic regions at 700-720 cm-1, at 800-1450 cm-1, and at 

1724 cm-1 confirmed the presence of both the polymers (chitosan and polycaprolactone) 

with major functional groups remained intact during melt granulation (Sahoo et al., 2010). 

The amide II stretching at 3163 cm-1 and OH stretching at 3325 cm-1 along with C-N-H 

stretching at 1226 cm-1 and presence of para-di-substituted aromatic ring at 837 cm-1 

confirmed the existence of acetaminophen in the molten matrix blends. The difference in 

absorbance intensities at varying wave numbers were also found indicating the physical 

interactions of the blend. It was concluded from the above finding that it was very much 

possible to formulate a water soluble drug with these two polymers using melt granulation 

technique without any significance change in the chemical and physical properties of the 

formulating polymers. 
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Figure 4.1: FTIR spectra of drug, polymers and formulations. (a) Acetaminophen (b) 

Chitosan (c) Polycaprolactone (d) F3 (e) F10. 
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Table 4.2: Characteristics of different transmittance/absorbance bands of ACP using 

FTIR. 

Chemicals 
Observed Peaks 
cm-1 

Vibrations (Inference) 

Acetaminophen 
(Terzyk, 2001) 

3324 O-H stretching 
3161 N-H stretching 
1653 C=O (amide) string 
1563 Amide II band 
1253 C-N-H group 
836 Para-disubstituted aromatic ring 

 

4.1.3 Dissolution analysis 

The amount of drug release from the prepared ten floating acetaminophen matrix 

tablet formulations (F1 to F10) with different polymer blends was determined by in-vitro 

dissolution analysis. The release profile was generated in HCl buffer (pH 1.2) 

corresponding to gastric environment for the period of 12 h and plotted as percentage of 

drug release verses time in h (Figures 4.2 and 4.3). The percentage of drug release after 

maximum dissolution time (h), T50% and T80% was determined and given in Table 4.3. 

The swelling ability of chitosan in water caused its protonation in intense gastric 

environment leading to early dispersion of tablet and maximum ACP released from blends 

(Narayanan et al., 2018). Formulation F1 containing blends of drug with CH LM showed 

faster release and did not last greater than 1 h in the intense acidic conditions that is believed 

to be due the acid soluble nature of low denser grade that relaxed the polymeric network 

and caused tablets to release maximum concentration of drug from formulation. The blends 

with CHMM (F2) showed more resilience to the acidic conditions and took 8 h to release 

the drug from blends. The formulations F3 to F6 prepared with both polymers (CHLM & 

PCL) demonstrated that increasing the quantity of PCL (hydrophobic polyester) there is 
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considerable decrease in the degree of relaxation of the polymeric networks, allowing 

formulations to stay longer in dissolution medium. The hydrophobicity of PCL resulted in 

decreased penetration of solvent in the blends and caused lesser swelling that eventually 

led to retardation of drug release (Mathiowitz et al., 2004). 

The formulation F7 to F10 containing blends of two polymers (CHMM & PCL), 

showed greater control of drug release and in the entire formulations drug was not 

completely released till 12 h of release study. The higher molecular weight and more 

complexity in the chemical structure of chitosan medium and presence of lipophilic PCL 

in blends retarded the release of ACP from the matrix tablets.  

It was perceived from the results that increasing the amount of PCL (hydrophobic 

contents) in the tablets reduced the diffusibility of solvent in the matrix and alternatively 

lowering the amount of chitosan altered the swellability of the matrix that eventually 

resulted in the significant retardation of drug release from the blends. The semi crystalline 

nature of PCL didn’t allowed penetration of dissolution media because it can only 

penetrates in amorphous regions of the matrix causing retardation of drug release (Coombes 

et al., 2004).  
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Figure 4.2: Percentage of drug released according to time from five formulations F1 

to F5 with stadard deviation (n=6). 

 

Figure 4.3: Percentage of drug released according to time from five formulations F6 

to F10 with stadard deviation (n=6). 
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Table 4.3: Maximum percentage of drug release after 12 hours, time to release 50 

percent of drug (T50%) and time to release 80 percent of drug (T80%). (Mean ± SD, 

n=3). 

Formulation 

code 

% drug 

released 

(Max. 12 h) 

T50% 

(min) 

T80% 

(min) 

F1 101.05±3.5 27.083 43.332 

F2 98.82±2.9 226.122 361.795 

F3 80.94±4.3 412.163 659.461 

F4 68.79±2.1 481.426 770.282 

F5 104.07±1.9 100.141 160.226 

F6 102.99±4.1 152.786 244.457 

F7 82.49±2.8 368.810 590.096 

F8 68.42±2.2 461.368 738.189 

F9 81.36±4.6 381.389 610.222 

F10 87.12±3.8 376.847 602.955 

 

4.1.4 Kinetics of ACP release 

For interpretation of release profiles and understanding mechanism of drug release, 

formulations were subjected to different kinetic equations. The best model was selected on 

the basis of regression coefficient R2 values. Majority of the formulation followed Higuchi 

model demonstrating diffusion controlled release from the blends. Some of the formulation 

(F2, F6, F9, and F10) followed first order kinetics describing dissolution controlled release 

from these blends. Korsmeyer-Peppas model was additionally applied to conform the 

release pattern to combined dissolution and diffusion controlled release. All the 

formulations followed Korsmeyer-Peppas model with best R2 values. The computed n 

values (˃0.5 and ˂0.9) for the formulation revealed that formulation followed anomalous 
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drug release mechanism (Table 4.4). The release of drug was found highly influenced by 

initial rate of swelling and later gradual and rapid erosion of the matrix concluding that a 

proper matrix blend of polycaprolactone and chitosan follows non-Fickian diffusion type 

of drug release mechanism (Siepmann and Peppas, 2000). The systems were proved as 

swelling controlled matrix systems which normally developed pores in the matrix during 

the dissolution studies. The diffusion of drug from the matrix was found purely dependent 

on availability of these pores in the matrix. The application of Higuchi model demonstrated 

the mechanism of release from the matrices to be diffusive controlled and falls to near zero 

order drug release from the blends. Chitosan was considered as the major factor for swelling 

and hydration of the matrix that caused relaxation of the polymeric networks to generate 

diffusion from matrices (Ramanathan and Block, 2001). 

Table 4.4: Release kinetics of ACP formulations showing correlation coefficient R2, 

slop K and n values of formulations by applying different kinetic equations. 

Fo
rm

ul
at

io
n 

co
de

 

Hixson Crowell 

Q01/3-Qt1/3=KHCt 

Zero order 

Qt=K0t 

First order 

Qt=InQ0-K1t 

Higuchi 

Mt/M∞=KHt1/2 

Korsmeyer-

Peppas 

Mt/M∞=Ktn 

KHC R2 K0 R2 K1 R2 KH R2 R2 n 

F1 0.013 0.9987 1.846 0.914 0.050 0.9919 13.25 0.9986 - - 

F2 0.001 0.9744 0.221 0.919 0.004 0.9659 3.884 0.9465 0.9905 0.695 

F3 0.001 0.9398 0.121 0.874 0.002 0.9519 2.668 0.9664 0.9854 0.620 

F4 0.000 0.9522 0.104 0.890 0.002 0.9687 2.281 0.9719 0.9952 0.633 

F5 0.003 0.9857 0.499 0.904 0.011 0.9625 6.415 0.9603 0.9874 0.664 

F6 0.002 0.9896 0.327 0.918 0.006 0.9707 4.968 0.9467 0.9914 0.698 

F7 0.001 0.9417 0.136 0.790 0.003 0.9735 3.023 0.9843 0.9888 0.552 

F8 0.000 0.9684 0.108 0.901 0.002 0.9836 2.377 0.9704 0.9981 0.647 

F9 0.001 0.9749 0.131 0.872 0.002 0.9913 2.891 0.9785 0.9974 0.616 

F10 0.001 0.9839 0.133 0.921 0.002 0.9873 2.897 0.9602 0.9969 0.675 
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4.2 Formulation optimization  

The MCN was optimized through a pilot work on a cheaper drug, acetaminophen 

which resembles MCN. Therefore the data for this pilot study on ACP has been given first. 

4.2.1 Optimization of acetaminophen - findings of preliminary pilot study 

Modified wet granulation method was used to prepare the ACP formulations 

containing different blends of CHLM, CHMM and PCL opting two solvents, i.e., DCM 

and chloroform. The prepared tablets were found compact and stable when analyzed for 

friability, hardness and drug release. The preliminary formulation data of acetaminophen 

tablets were evaluated through memory string of DoE using an initial 2 categoric, 2 

component mixture layout of design (Actual x Actual) based on formulating techniques 

and desired quality aspects. The compositions for optimized acetaminophen formulations 

were adopted for optimizing MCN formulations. The data of the factors and properties for 

acetaminophen formulations were analyzed with Design Expert® 10 to establish cause and 

effect relationship that could then be reversed to find conditions required to produce desired 

output under the ‘what-if-approach’. The levels of factors included were chitosan type (low 

and medium molecular weight), amount of chitosan (160-200 mg), amount of PCL (0-40 

mg), and solvents (DCM, chloroform). While the properties evaluated were hardness, 

friability and drug release at different time intervals in the optimization analysis.  

4.1.1.1 Hardness and friability  

The analysis of happenstance design in Design Expert® for acetaminophen 

indicated that the amounts of both grades of chitosan and types of solvents significantly 

affected the hardness of tablets (p < 0.05). Chitosan low and chitosan high revealed 
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significant interactions (marked as p < 0.05) with the type of solvents (AD, p< 0.05) and 

polycaprolactone (BC, p< 0.05), respectively for the strength of tablets (Table 4.5 and 4.6).  

Table 4.5: Physical characterization of acetaminophen matrix tablets 

Formulations Hardness Kg/cm2 % Friability (n=10) 

A1 7.6±0.8 0.34 

A2 8.1±0.9 0.23 

A3 3.4±0.5 1.49 

A4 3.9±0.7 1.07 

A5 3.2±0.4 0.91 

A6 4.5±0.6 0.73 

A7 4.7±0.4 0.76 

A8 4.1±0.8 0.79 

A9 5.3±0.5 0.72 

A10 6.5±0.7 0.52 

A11 4.5±0.2 1.1 

A12 4.5±0.8 0.68 

A13 3.7±0.7 0.78 

A14 3.9±0.3 0.59 

A15 4.8±0.5 0.58 

A16 5.6±0.4 0.61 

A17 6.4±0.3 0.39 

A18 6.9±0.5 0.36 
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Table 4.6: Analysis of variance (Classical sum of squares-Type II) for physicochemical 

characteristics of acetaminophen tablets 

Property Factors/Interactions F Value P Value 

(Prob. ˃ F) 

Remarks 

Hardness 

Model 212.57 < 0.0001 Significant 

A-Chito_Low 221.62 < 0.0001 Significant 

B-Chito_Med 275.50 < 0.0001 Significant 

C-PCL 0.00  Non-significant 

D-Solvent 55.19 < 0.0001 Significant 

AC 4.07 0.0745 Non-significant 

AD 21.88 0.0003 Significant 

BC 6.03 0.0364 Significant 

Friability 

Model 25.27 < 0.0001 Significant 

A-Chito_Low 33.97 0.0001 Significant 

B-Chito_Med 56.48 < 0.0001 Significant 

C-PCL 0.00  Non-significant 

D-Solvent 12.39 0.0015 Significant 

AC 2.60 0.1352 Non-significant 

BC 3.58 0.0850 Non-significant 

 

The predicted hardness indicated that PCL having no effect individually but found 

in interactions and chloroform represented as optimum solvent. For hardness, the levels of 

four factors studied required to attain the desirability of around 8 kg/cm2 (set as fixed 

standard for hardness), the quantity of chitosan low should be around 5 mg, chitosan 

medium should be 185 mg and PCL be around 10 mg in chloroform solvent (Figure 4.4). 

The effect of both type of chitosan has been supplemented by the response surface plot 

given in Figure 4.5.  
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Figure 4.4: Influence of CHLM, CHMM, PCL and solvent on hardness of tablets. 
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Figure 4.5: Combined effect of (A) PCL, (B) CHMM, (C) CHLM on hardness of 

tablets using solvent chloroform. 

As shown in Table 4.6 and Figure 4.6, the friability of the acetaminophen tablets 

was largely dependent on amount of chitosan of either grades in the formulation (p = 

0.0001). The use of solvents enhanced the tablets strength, hence decreased the friability (p 

< 0.0015). The effect of PCL addition to the chitosan in formulations slightly modified the 

friability of tablets with chitosan medium being superior in improving friability. 

The Figure 4.6 shows that to achieve the desirability of minimum friability, the 

chitosan low should be minimum and the PCL should be around 10 mg. At the same amount 
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of PCL, the chitosan medium should be required to be around 200 mg. The type of solvents 

and the amount of PCL, chitosan low or medium are not affecting the friability, only the 

solvent and chitosan medium is shown (Figure 4.6). 

 

Figure 4.6: Combined effect of CHMM, CHLM, PCL on friability of tablets using 

solvent chloroform. 
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4.1.1.2 Release of acetaminophen  

The initial burst release of acetaminophen from the tablets at 0.5 h and 1 h was 

greatly influenced by both grades of chitosan with low grade being higher, may be due to 

the formation of pore and rapid erosion of tablets. The addition of PCL with chitosan 

(CHLM) expressively enhanced the release rate from the matrix. The addition of both 

solvents and alone polycaprolactone in tablets were also excellent to demonstrate the 

acetaminophen release pattern. Figure 4.7 demonstrate the significant achievement of the 

initial release values and Table 4.7 represent the overall release analysis as set for 

desirability parameters. 

The release rate at 1.5 and 2 h were not influenced by type of chitosan as indicated 

by p values greater than 0.05. At 2 h, the solvent and its interaction with chitosan low were 

found significant. Chitosan retarded the release after initial dose of drug was being released 

from the extremities of the matrix. The addition of polycaprolactone with both solvents in 

the formulation increased the hydrophobicity of formulation and significantly retarded the 

entry of water so retarded acetaminophen release. The significance of results according to 

the percent desirability of release concentration i.e. 26% and 30% at the above mentioned 

time points is given in Table 4.7 and Figure 4.8. 

For the release at 3 h, the presence of solvent and the interaction with chitosan low 

was found significant. The swelling of chitosan was enormous at 3 h and 4 h that caused 

diffusion of the drug from the longer path length through boundary layer. This retarded the 

release of drug from the matrices that was additionally added by the presence of 

hydrophobic PCL. The solvents were some bit supporting the release of drug from tablets 
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that caused formulations containing chitosan low to release whole drug and early dispersion 

of the tablet. The validity of these results are summarized in Table 4.7 and Figure 4.9. 

Table 4.7: Analysis of variance for acetaminophen release at different time intervals. 

Property Factors/Interactions F Value 
P Value 

(Prob. ˃ F) 
Remarks 

Release at  

0.5 h 

Model 12.31 0.0002 Significant 

A-Chito_Low 20.25 0.0006 Significant 

B-Chito_Med 18.15 0.0009 Significant 

C-PCL 0.00  Non-significant 

AC 9.19 0.0096 Significant 

BC 6.52 0.0241 Significant 

Release at  

1.0 h 

Model 12.65 0.0003 Significant 

A-Chito_Low 36.98 0.0001 Significant 

C-PCL 7.50 0.0209 Significant 

D-Solvent 4.93 0.0323 Significant 

AC 6.06 0.0335 Significant 

AD 6.05 0.0190 Significant 

Release at  

1.5 h 

Model 13.18 0.0002 Significant 

A-Chito_Low 4.22 0.0646 Non-Significant 

B-Chito_Med 1.68 0.2213 Non-Significant 

D-Solvent 7.36 0.0093 Significant 

AD 9.30 0.0043 Significant 

Release at  

2.0 h 

Model 7.75 0.0030 Significant 

A-Chito_Low 1.49 0.2528 Non-Significant 

B-Chito_Med 0.35 0.5669 Non-Significant 

C-PCL 0.00  Non-Significant 

D-Solvent 5.52 0.0273 Significant 

AC 0.33 0.5784 Non-Significant 

AD 6.21 0.0202 Significant 

BC 0.40 0.5427 Non-Significant 
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Table 4.7: Continued 

Release at  

3.0 h 

Model 6.33 0.0061 Significant 

A-Chito_Low 1.16 0.3091 Non-Significant 

B-Chito_Med 0.28 0.6123 Non-Significant 

C-PCL 0.00  Non-Significant 

D-Solvent 4.08 0.0547 Significant 

AC 0.19 0.6750 Significant 

AD 4.49 0.0445 Significant 

BC 0.26 0.6231 Non-Significant 

Release at  

4.0 h 

Model 6.26 0.0045 Significant 

A-Chito_Low 1.47 0.2511 Non-Significant 

B-Chito_Med 0.36 0.5615 Non-Significant 

D-Solvent 2.17 0.1606 Non-Significant 

AD 3.55 0.0646 Significant 

Release at  

6.0 h 

Model 5.23 0.0089 Significant 

A-Chito_Low 2.97 0.1126 Non-Significant 

B-Chito_Med 1.35 0.2699 Non-Significant 

D-Solvent 1.35 0.2998 Non-Significant 

AD 3.03 0.0898 Significant 

Release at  

8.0 h 

Model 6.13 0.0113 Significant 

A-Chito_Low 3.30 0.0894 Non-Significant 

B-Chito_Med 1.84 0.1948 Non-Significant 

Release at  

10 h 

Model 8.77 0.0092 Significant 

A-Chito_Low 8.77 0.0092 Significant 

Release at  

12 h 

Model 6.70 0.0198 Significant 

A-Chito_Low 6.70 0.0198 Significant 

 

92 
 



 

 

Figure 4.7: Combined effect of both grades of chitosan and PCL using chloroform as 

a solvent on release at 0.5 h and 1.0 h. 
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Figure 4.8: Release at 1.5 h and 2.0 h of acetaminophen tablets showing combined 

effect of both grades of chitosan and PCL using chloroform as a solvent. 

 

Figure 4.9: Release at 3 h and 4 h of tablets containing both grades of chitosan and 

PCL using chloroform as a solvent.  
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Chitosan low molecular weight showed greater impact on the release of drug from 

the tablets at the 6 h. The intercepted release of drug was favored by combination of 

solvents with chitosan. PCL and CHMM indeed retarded release to such an extent that 

optimum release value was difficult to achieve. The level of effect of different factors 

effecting formulations are summarized in Table 4.7. 

The burst release at the 8, 10 and 12 h were only favored by low grades of chitosan. 

The addition of solvents with polycaprolactone in the tablets resulted in retardation of 

release from matrix tablets. Chitosan medium grade also cut down the release of 

acetaminophen to such a low level that the desired release was not achieved in majority of 

formulations lacking the low molecular weight grade. None of the formulations containing 

chitosan medium and polycaprolactone combination along with solvents reached at the 

optimum desired release levels at 8, 10 12 h due to greater dependence of release on 

diffusion than dissolution. The obtained results of analysis of variance are summarized in 

Table 4.7 and Figures 4.10 and 4.11. 

 

Figure 4.10: Combined effect of both grades of chitosan and PCL using chloroform 

as a solvent on acetaminophen release at 6 h, 8 h and 12 h from tablets. 
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Figure 4.11: Effect of chitosan low on the release of ACP at 10 h and 12 h using 

chloroform as solvent. 

4.1.1.3 Optimized composition of acetaminophen 

It was concluded from the above that only the formulations that contained optimum 

quantities of both low and medium grade chitosan with PCL achieved the desired quality 

attributes of the tablet when mixed with using optimum solvent. The Table 4.8 describes 

the ten possible optimized conditions  of these categoric factors indicating the concentration 

of CHLM round about 5 mg, CHMM nearly 185 mg and PCL 10 mg to produce the desired 

characteristics and can be manipulated to achieve optimized formulation with desired 

properties. These quantities were employed as the template for optimization of MCN 

formulations. 
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Table 4.8: Showing solutions for three combination of categoric factors with ten solutions of maximum desirability values. 
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1 3.76 184.47 11.12 Chloroform 6.61 0.312 10.00 17.85 26.79 24.00 31.592 42.159 55.000 70.156 71.935 81.649 0.834 

2 4.06 184.39 10.70 Chloroform 6.63 0.314 10.00 17.98 27.01 24.00 31.561 42.333 55.202 70.302 71.974 81.676 0.833 

3 3.82 184.38 11.42 Chloroform 6.60 0.312 10.28 17.84 26.79 24.03 31.660 42.169 55.000 70.147 71.942 81.654 0.833 

4 4.32 184.31 10.33 Chloroform 6.65 0.315 10.00 18.11 27.21 24.00 31.532 42.485 55.378 70.428 72.008 81.699 0.833 

5 4.43 184.28 10.18 Chloroform 6.65 0.316 10.00 18.16 27.29 24.00 31.520 42.548 55.449 70.479 72.021 81.708 0.833 

6 4.53 184.25 10.04 Chloroform 6.66 0.316 10.00 18.20 27.37 24.00 31.510 42.605 55.516 70.527 72.034 81.717 0.833 

7 3.81 184.40 11.61 Chloroform 6.61 0.312 10.52 17.82 26.80 23.99 31.658 42.172 55.006 70.153 71.941 81.654 0.833 

8 5.07 184.08 9.28 Chloroform 6.69 0.319 10.00 18.46 27.77 23.99 31.453 42.917 55.872 70.780 72.105 81.766 0.833 

9 3.40 185.11 10.69 Chloroform 6.64 0.313 10.00 17.77 26.75 23.61 31.205 42.081 55.002 70.226 71.887 81.617 0.833 

10 4.28 183.58 11.69 Chloroform 6.57 0.312 10.00 17.96 26.85 24.53 32.114 42.272 55.006 70.067 72.002 81.695 0.833 

Desired * * * * 4-8 ˂0.8 15 22 26 30 38 45 55 70 85 102 1.0 
*any in the range studied 
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4.2.2 Design of optimized MCN formulations 

The finding of the optimized level of factors (compositions) for acetaminophen 

given in the Section 4.1.1.3 were the basis around which the factors were manipulated for 

optimization of MCN formulations. 

A design, I-optimal (customized) 2 categoric, 2 component mixture optimal design 

(Actual x Actual) was used to generate different combinations (template) of 2 mixture 

components i.e. chitosan (shown as A) and PCL (labelled as B), and 2 categoric factors 

such as types of chitosan (C) and types of solvents (D) and given in Table 4.9.  

Table 4.9: Composition of MCN matrix formulations using drug to polymer ratio of 

1:2, blended with fixed lactose and mag. stearate for total 375 mg weight. 

Formulations 

Chitosan  
PCL (mg) 

(B) 
Solvents 

(D) 
Density / 

molecular 
weight (C) 

Amount 
(mg) (A) 

1 Medium 160 40 Dichloromethane 
2 Low 200 0 Direct Compression* 
3 Medium 180 20 Chloroform 
4 Medium 170 30 Chloroform 
5 Medium 200 0 Direct Compression* 
6 Medium 160 40 Chloroform 
7 Low 170 30 Chloroform 
8 Low 180 20 Dichloromethane 
9 Low 180 20 Chloroform 
10 Low 160 40 Dichloromethane 
11 Medium 190 10 Chloroform 
12 Medium 180 20 Dichloromethane 
13 Low 160 40 Chloroform 
14 Medium 180 20 Dichloromethane 

*Without solvent addition, dry blending, direct compression 
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A template for total of 14 formulations, generated by DX® 10 were used to develop 

formulations and analyzed on the basis of physical characteristics and release studies. The 

amount of CHLM, CHMM and PCL was fixed at 200 mg and MCN as 100 mg for drug to 

polymer blend ratios of 1:2. The wet granulation technique using solvent based addition of 

PCL solution was opted for granulation using separately 10 ml of two solvents, i.e., 

chloroform and dichloromethane. The amount of both types of chitosan was varied between 

160-200 mg and PCL from 0-40 mg. The blends containing only both the chitosan, without 

PCL and solvents, were compressed directly because due to no solvent used these could 

not be wet granulated.  

The results of acetaminophen study concluded with optimum blend amounts and 

ratios with optimized solvent. This study was planned to support the results and justify any 

variations that can appear with change in the model drug (MCN). Similarly it was also 

planned to manipulate the polymeric blend quantities to increase the tablet size primarily 

by doubling polymer amounts (200 to 400 mg) and secondarily by variating diluent 

amounts (50 to 320 mg). Analysis of data of real experimentation revealed the following 

results in pursuit to find the solution for optimized MCN formulations. 

4.2.2.1 Hardness and friability 

For hardness of MCN tablet formulations, the interaction of factors A (the amount 

of CH) and C (the type of chitosan grades) reached to significance level (p < 0.05) as shown 

in Table 4.10 and Figure 4.12. There was significant influence of chitosan and its type on 

the hardness of MCN tablets. The desirable hardness values were achieved when a greater 

amount of CHMM was used. The combinations of PCL with solvents, i.e., dichloromethane 

99 
 



 

and chloroform, in the formulation of chitosan also largely prejudiced the ability of tablet 

to compact and demonstrate uniformity.  

The ANOVA (Table 4.10) indicated that the chitosan type and amount (A) blended 

with PCL showed their significant influence on friability of the tablets (decreased value of 

friability). The proper combination of PCL with either solvent was also concluded to be 

significant in decreasing friable nature of tablets. The friability was found optimal when 

formulation was blended with all three factors at optimum concentrations (Figure 4.10). 

Table 4.10: Analysis of variance of hardness and friability of MCN tablet formulations 

Property Factors/Interactions F Value 
P Value 

(Prob. ˃ F) 
Remarks 

Hardness 

Model 16.09 0.000945 Significant 
[1] Linear Mixture 19.81 0.002137  

AC 24.74 0.001087  

BD 4.68 0.062363  

Friability 

Model 37.90 < 0.0001 Significant 
1Linear Mixture 52.86 0.0002  

BC 64.35 < 0.0001  

BD 32.97 0.0007  

BCD 14.61 0.0065  

 

It was inferred from the Figure 4.12 that hardness was higher when CHMM and 

chloroform solvent was employed due to greater binding ability of chitosan in solvent (Rao 

et al., 2001). The harness of the matrix tablets was found to increase when chitosan density 

was increased as the swelling capacity of chitosan tend to increase in solvent that afford 

greater inter-particular attraction force and formation of more dense, less porous swelled 

matrix (Kepsutlu et al., 1999). As the amount of PCL was lowered in the formulation along 
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with CHLM’s higher quantity, the hardness also increased with optimum value was 

achieved using quantities of CHLM 182.03 mg, PCL 17.98 mg and chloroform as a solvent. 

Similarly friability of the tablets (Figure 4.13) was found to decrease as density of chitosan 

was increased in formulation. Higher amounts of PCL increased the friability of tablets due 

to fluffy nature attained after dispersion in solvent. Higher the amount of CHLM used in 

the formulations with solvent chloroform also resulted in achieving optimum friability 

values.  

 

Figure 4.12: Effect of CHLM, CHMM, PCL and solvents on predicted hardness 
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Figure 4.13: Effect of CHLM, CHMM, PCL and solvents on friability prediction 

values  

4.2.2.2. Release of milnacipran HCl 

The analysis of first 0.5 h release values revealed that burst release of MCN from 

matrix tablets was observed due to primarily presence of chitosan low and secondarily due 

to fluffiness produced by PCL and the blends were unable to define desired parameters. 

The initial adjustment of the matrix in dissolution solvent resulted in the erosion of external 

layer during swelling and excessive release of drug from outer layers. Nigalaye and 
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coworkers demonstrated that whenever chitosan is used in lesser than 50% it resulted in 

fast release of drug and at concentrations of 10% it acts as disintegrant due to greater 

dispersion in dissolving medium (Nigalaye et al., 1990). Due to this property of chitosan it 

released the bulk MCN in the first half an hour. At 1 h chitosan medium showed resistance 

to release due to initiation of swelling and pore formation in the matrix as described in drug 

release analysis. The combination of solvent with chitosan was also prominent in achieving 

desired release characteristics for formulations (Table 4.11 and Figure 4.14).  

Table 4.11: Analysis of variance results for MCN release from tablets at 0.5 h and 1 

h. 

Property Factors/Interactions F Value 
P Value 

(Prob. ˃ F) 
Remarks 

MCN 

released at 

0.5 h 

Model 2.50 0.1338 Non-Significant 
1Linear Mixture 0.25 0.6273  

AB 0.26 0.6260  

AB(A-B) 2.77 0.1345  

MCN 

released at 

1.0 h 

Model 12.40 0.0022 Significant 

C-Chito Type 22.12 0.0015  

D-Solvent 11.27 0.0100  

CD 13.17 0.0067  
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Figure 4.14: Effect of chitosan type, solvents and PCL on release at 1 h using two 

solvents. 

The release rate at 1.5 h was highly influenced by all the factors of the formulation. 

Formulations containing either types of chitosan, PCL and blended together in either of 

solvent showed greater control on release of drug (Table 4.12). The release was observed 

to be increased as the CHLM was increasing and PCL was decreased in matrix blends. The 

blends of CHLM using solvent DCM showed maximum (˃100%) drug release while with 

CHMM both solvents showed the good control over release. Similarly, at 2 h predominant 

control of release was shown when both the types of chitosan and solvents were employed 
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for formulation. The swelling (Section 4.4) was predominant to cause maximum surface 

area exposed with porous matrix that was eroding at constant rate at this stage causing the 

drug to diffuse. The binding ability of the chitosan was enhanced in solvent that resulted in 

more significant interaction of factors for achieving the desired release of drug 

(Phaechamud and Ritthidej, 2007). The results are summarized in Table 4.12. 

Table 4.12: Analysis of variance results for MCN release from tablets at 1.5 h and 2.0 

h. 

Property Factors/Interactions F Value 
P Value 

(Prob. ˃ F) 
Remarks 

MCN 

released at 

1.5 h 

Model 32.32 0.0023 Significant 
1Linear Mixture 1.76 0.2558 Non-Significant 

AC 59.80 0.0015 Significant 

AD 16.34 0.0156 Significant 

BC 8.58 0.0429 Significant 

BD 22.19 0.0092 Significant 

ACD 23.65 0.0083 Significant 

BCD 2.77 0.1345 Non-Significant 

MCN 

released at 

2.0 h 

Model 31.11 < 0.0001 Significant 

C-Chito Type 48.70 0.0001 Significant 

D-Solvent 34.79 0.0004 Significant 

CD 33.95 0.0004 Significant 

 

The dominant swelling of the blend might cause the increase in the pore formation 

and diffusion path length for MCN from core at 3 h and 4 h of release that resulted in 

retarded diffusion through boundary layer. This instigated chitosan (medium) to attain the 

desired release values when blended with optimum solvent (chloroform) as evident from 

Figure 4.15 and Table 4.13. PCL also increased the hydrophobicity of the blend but didn’t 

markedly influenced the release characteristics of the matrix tablets at this stage. The 
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formulation containing CHLM with solvent released maximum concentration of MCN 

from the blends and caused deviation of desired release pattern.  

 

Figure 4.15: Effect of chitosan and PCL on release at 2 h, 3 h, and 4 h respectively 

using chloroform as solvent. 
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Table 4.13: Analysis of variance results for MCN release from tablets at 3 h and 4 h 

Property Factors/Interactions F Value 
P Value 

(Prob. ˃ F) 
Remarks 

MCN 

released at 

3.0 h 

Model 21.28 0.0004 Significant 

C-Chito Type 35.75 0.0003 Significant 

D-Solvent 23.11 0.0013 Significant 

CD 20.91 0.0018 Significant 

MCN 

released at 

4.0 h 

Model 9.31 0.0055 Significant 

C-Chito Type 16.22 0.0038 Significant 

D-Solvent 9.73 0.0142 Significant 

CD 8.84 0.0178 Significant 

 

Chitosan (both types) showed enhanced drug release from the matrix at 6 h and 

caused the tablets to burst at the outer surfaces. The solvents also enhanced the drug release 

from blends. Only PCL showed retardation of release from blend that when combined to 

chitosan type using a solvent retarded the erosion as well as dissolution of the swollen 

matrix (Bilensoy et al., 2009). The similar type of behavior was shown at 8 h release 

indicating that the ratios in the matrix formulation are generally retarding greater than the 

expected level that resulted in non-significant analysis results. The detailed results are given 

in Table 4.14 and Figure 4.16. 

The increasing concentration of polycaprolactone in the matrix formulations caused 

increase in hydrophobic characteristics of blend, reducing erosion and diffusion from the 

interior of matrix. The efficient mixture using solvents also allowed the hydrophobicity of 

blends to predominate in formulations. CHLM and CHMM’s swelling was constant at 10 

and 12 h, but the increased path length for diffusion of MCN resulted by efficient PCL, 
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solvent hydrophobic blends retarded the release to such an extent that it deviated from the 

desired release specifications (Karuppuswamy et al., 2015). Only contributing factors were 

both types of chitosan that made some quantity of drug to be released from the blends. The 

results are summarized in Table 4.14 and Figure 4.17.  

  

Figure 4.16: Effect of chitosan and PCL on release at 6 h and 8 h respectively using 

solvent chloroform  
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Table 4.14: Analysis of variance results for MCN release from tablets at 6, 8, 10 & 12 

h. 

Property Factors/Interactions F Value 
P Value 

(Prob. ˃ F) 
Remarks 

MCN released 

at 6.0 h 

Model 4.35 0.0635 Non-Significant 

C-Chito Type 4.35 0.0635 Non-Significant 

MCN released 

at 8.0 h 

Model 3.52 0.0899 Non-Significant 

C-Chito Type 3.52 0.0899 Non-Significant 

MCN released 

at 10.0 h 
Model 0.49 0.5007 Non-Significant 

1Linear Mixture 0.49 0.5007 Non-Significant 

MCN released 

at 12.0 h 
Model 1.34 0.2740 Non-Significant 

1Linear Mixture 1.34 0.2740 Non-Significant 

 

 

Figure 4.17: Effect of chitosan low and PCL on release at 10h and 12h respectively 

using solvent chloroform. 

Solvent based solution of chitosan (both grades) potentially worked as diffusion 

enhancer from matrix for hydrophilic drugs such as MCN. This behavior was found due to 
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excessive swelling that resulted in widening of intermolecular pores of chitosan (Gratieri 

et al., 2011). Therefore, chitosan can be used as a drug release enhancer in the blend 

formulation. Table 4.15 shows the four optimized combinations of different factors such as 

amount and type of chitosan and PCL using both solvents. Formulation blend containing 

chitosan low 182.02 mg and PCL 17.98 mg prepared with chloroform (Sr. 1, Table 4.15) 

yielded best desirability attributes, i.e., hardness (4-8 kg), friability (˂0.8), percentage 

release (max. 102% at 12h). The second best quality attributes were observed with 

formulation blend containing chitosan medium 185.19 mg and PCL 14.81 mg prepared 

with chloroform (Sr. 2, Table 4.15). Based on these results given in Table 4.15 two 

validation formulations (M19 and M20) were prepared and tested for the results and are given 

as below. 

The hardness of the M19 formulation was found 5.1 kg/cm2, a little higher than the 

optimized formulations in Table 4.15 suggesting that it might be due to greater binding 

ability of chloroform solvent utilized. Alternatively, the friability was estimated to be 0.41 

%, lesser than the predicted results also due to efficient binding of tablets. M20 formulation 

showed even greater strength when tested for hardness (8.1 kg/cm2) due to the presence of 

medium molecular weight chitosan in the formulation that afford greater compaction and 

homogeneity as compared to lower density grade chitosan. It was found almost non-friable 

with results of friability lesser than 0.1% might be due to lesser PCL amount in the blend 

because PCL generate fluffy nature during solvent evaporation.  
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Figure 4.18: Percentage drug released according to time from MCN matrix 

formulations M19 and M20. 

Figure 4.18 shows the percentage of drug released from the optimized blends 

prepared according to the Table 4.15. It was inferred from the release data that the prepared 

formulations for validation of results template generated by DX®10 (Table 4.15) were 

sufficiently retarding the release of MCN well beyond the window of 12 h and each point 

of release was sufficiently correlated with the proposed solutions.  

When compared the findings of MCN to the results of optimized formulation 

attained for acetaminophen, it was evident that the optimized acetaminophen formulation 

was resulted from blending CHLM, CHMM and PCL with optimized PCL values round 

about 10 mg. In MCN optimization either chitosan on its own was capable to produce 

optimized formulations. The existence of both chitosan types can afford greater swelling 

and better diffusion of drug through the porous matrix that described better desirability 

attributes than the blends with single chitosan (MCN optimized blends). The higher value 

of PCL attained with MCN blends were thought to be due to the presence of only single 
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swelling agent (chitosan) in the optimized blends that required greater entanglement with 

hydrophobic PCL to generate the desired release characteristics. The non-significant 

models observed in the MCN analysis also supported the greater acceptability of ACP 

results. It was also observed that whenever the amount of PCL was increasing in the blends, 

the granules became more fluffy and difficult to compress and resulted into tablets with 

higher friability and less hardness.  

The optimized formulations of MCN were prepared by using optimized blends 

produced in ACP optimization. Four formulations based on ACP optimized results were 

prepared, two each with both solvents manipulating CHLM and PCL between 5-10 mg and 

keeping CHMM constant at 185 mg, using modified wet granulation method (Section 

3.3.1.3) and designated as M21 to M24. 
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Table 4.15: Optimized composition formulations by applying design expert to MCN data 
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1* 182.03 17.97 

Lo
w

 

C
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3.76 0.66 13.54 19.32 37.32 31.67 42.46 49.81 78.97 82.81 80.28 89.30 0.679 

2* 185.18 14.82 

M
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iu
m

 

C
hl
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6.17 0.47 14.25 16.91 21.83 24.57 33.25 40.44 52.27 62.14 81.41 90.68 0.598 

3 181.55 18.45 

M
ed

iu
m

 

D
C

M
 5.50 0.58 13.40 16.30 19.26 25.01 34.79 41.74 52.27 62.14 80.11 89.09 0.590 

4 164.35 35.65 

Lo
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C
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4.16 1.01 11.20 19.32 19.90 31.67 42.46 49.81 78.97 82.81 73.95 81.57 0.580 

*The compositions selected for preparation of validation MCN formulations
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4.3 Physical characterization of the swellable matrix tablets 

The MCN tablets of the preliminary as well as optimization study were 

characterized for various physical parameters. The characterization of the swellable MCN 

tablets for physical parameters were completed and found satisfactory (Table 4.16). 

4.3.1 Appearance of tablets 

The physical appearance of the tablets was smooth, shiny and light brown in color. 

The tablets were found hygroscopic and on adsorption of water their appearance turned to 

dark brown color. Instead of absorbing moisture its appearance remained smooth and shiny. 

4.3.2 Hardness 

Hardness of the preliminary study tablets (M1-M18) revealed that tablets prepared 

with chitosan alone (CH MM) depicted maximum hardness (8.4 kg/cm2). The hardness 

decreased with exceeding quantities of PCL attributed to the fluffy nature attained after 

evaporation of solvent from polycaprolactone solution (Lee et al., 2014). The least hardness 

values were found with highest quantity of PCL in formulations and the value increased as 

the ratio of this polymer declined in formulations. The optimum value of hardness was 

attained only when the concentration of PCL was less than 20% in formulation, as was 

found best when prepared with exceeding quantities of CH MM. The validated optimized 

formulations (M21-M24 & M41-M44) have shown hardness within the stated limits (between 

5.8-6.9 kg/cm2) and higher when formulated with chloroform as a solvent.  
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4.3.3 Friability 

As discussed in the Section 4.3.2, hardness increased with chitosan and decreased 

with PCL. Similar conclusions were drawn when matrix tablets were characterized for 

friability. The results obtained for friability of preliminary study tablets depicted that fluffy 

nature of PCL made the formulations more friable (1.83%) and more compact texture of 

CH MM and CH LM demonstrated desired friability (˂0.8%). Lowest friability values 

(0.28%) were obtained with formulation M2 containing CH MM alone. The optimized 

formulations (M21-M24) showed best values of friability (0.18-0.25%) owing to best quality 

attributes of the prepared formulations.  

4.3.4 Tablet diameter and thickness 

The diameter and thickness of the developed tablets (M1-M18, M21-M24 & M41-M44) 

was found satisfactory with least standard deviation values and better uniformity in the 

results.  

4.3.5 Content uniformity 

The content uniformity of drug in prepared formulations showed finest results of 

drug contents (100%±2%) in each tablet. The preliminary (M1-M18) as well as optimized 

formulations (M21-M24 & M41-M44) showed the values between 98.09%-101.42% for MCN 

based formulations. This higher degree of drug content uniformity indicated that the 

swellable matrix prepared by novel solvent based polymer solution mixture with dry matrix 

of drug and polymers is an acceptable and reproducible method for producing a high quality 

matrix for water soluble drugs. 
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4.3.6 Contents by weight 

The low degree of weight variation among the tablets of same formulation as well 

as between different formulations (1.8%-3.8%) was noted. The weights of formulation well 

within the specified limits of BP 2013 (weight more than 250 mg allowed limit is ˂5%) 

indicated the blend with uniform flow and compaction properties that can be produced at 

larger scale appropriately. 

Table 4.16: Physical characterization of the preliminary (M1-M18) and optimized 

formulations (M21-M24 & M41-M44) with standard deviations (n=10). 

Fo
rm

ul
at

io
n 

co
de

 Hardness 

Kg/cm2±SD 

Diameter 

(cm) 

Thickness 

(cm)±SD 

%age 

Friability 

(n=10) 

Weight 

Variation 

A.W.±% 

Content 

uniformity 

%±SD 

M1 7.8±0.6 1.243±0.003 0.54±0.007 0.4 569±3.2 99.82±3.3 

M2 8.4±0.5 1.236±0.009 0.52±0.009 0.28 573±1.5 100.67±2.1 

M3 3.0±0.2 1.239±0.006 0.50±0.014 1.85 568±2.1 99.77±2.6 

M4 3.3±0.1 1.241±0.005 0.49±0.023 1.26 560±1.8 98.99±3.1 

M5 3.5±0.2 1.238±0.007 0.51±0.016 0.98 571±2.4 101.13±2.8 

M6 4.0±0.1 1.228±0.012 0.53±0.008 0.83 562±2.8 99.23±1.8 

M7 4.1±0.2 1.234±0.009 0.51±0.011 0.88 571±1.7 98.96±3.7 

M8 4.5±0.2 1.231±0.010 0.53±0.004 0.75 580±3.1 98.09±3.1 

M9 5.1±0.3 1.240±0.005 0.49±0.039 0.61 558±2.6 98.87±3.6 

M10 6.1±0.4 1.241±0.004 0.51±0.008 0.48 571±1.9 98.43±2.7 

M11 4.0±0.4 1.239±0.004 0.54±0.002 1.2 578±2.2 99.73±3.5 

M12 4.8±0.3 1.242±0.002 0.53±0.007 0.76 562±3.7 101.42±2.8 
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Table 4.16: Continued 

Fo
rm

ul
at

io
n 

co
de

 Hardness 

Kg/cm2±SD 

Diameter 

(cm) 

Thickness 

(cm)±SD 

%age 

Friability 

(n=10) 

Weight 

Variation 

A.W.±% 

Content 

uniformity 

%±SD 

M13 3.5±0.2 1.238±0.008 0.51±0.011 0.69 571±2.2 100.19±4.2 

M14 3.7±0.1 1.234±0.011 0.54±0.001 0.61 568±3.1 99.07±4.1 

M15 4.3±0.3 1.238±0.006 0.49±0.015 0.67 559±3.8 98.91±4.1 

M16 5.2±0.1 1.241±0.003 0.51±0.021 0.52 574±1.5 101.36±1.5 

M17 6.0±0.4 1.232±0.014 0.5±0.024 0.45 561±2.9 99.47±2.3 

M18 6.9±0.5 1.239±0.003 0.53±0.012 0.37 570±1.3 100.41±3.2 

M21 6.4±0.3 1.242±0.002 0.49±0.011 0.21 549±1.5 99.38±1.2 

M22 6.7±0.4 1.238±0.006 0.48±0.016 0.18 557±1.7 98.76±2.9 

M23 6.5±0.5 1.239±0.004 0.49±0.013 0.24 561±2.1 101.32±3.4 

M24 6.9±0.6 1.241±0.001 0.48±0.019 0.19 547±2.5 99.58±2.6 

M41 5.8±0.2 1.242±0.001 0.57±0.017 0.25 653±1.3 98.58±3.9 

M42 5.9±0.4 1.240±0.003 0.58±0.019 0.24 647±1.9 99.61±2.6 

M43 6.3±0.5 1.243±0.001 0.58±0.015 0.22 641±2.6 100.35±2.1 

M44 6.6±0.6 1.241±0.004 0.59±0.009 0.20 652±2.0 101.12±2.1 

 

4.4 In-vitro water uptake/swelling properties 

The swelling properties of the polymers used as vehicles for drug delivery can exert 

a strong influence on the in-vitro drug release pattern of the matrix therefore, the water 

uptake or swelling behavior of the CH-PCL matrix tablets in simulated gastric fluid (pH 

1.2) at 37 ºC were measured and shown in Figure 4.19. The degree of swelling of polymeric 

chains is purely reliant on the nature of polymer employed with degree of cross-linking and 
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compatibility in solvent used for granulation. Chitosan due to its ionic linkages initiate 

protonation in acidic conditions so, swelling primarily depend on ionic interaction, ion 

exchange and mass transfer limitations of the matrix blend (Korsmeyer and Peppas, 1981).  

The results indicated that swelling index of CHLM based matrix was higher than 

the CHMM based matrix formulations that further decreased with the blends of CH-PCL. 

The swelling index of CH-PCL containing swellable matrix formulation was gradually 

decreased with the increase in contents of PCL in formulations (M3, M8). The matrix 

prepared with higher quantities of CH (both grades) (M1, M2 & M18) have shown rapid and 

greater water uptake as compared to formulations with higher PCL.  

The optimized formulations (M41-M44) containing higher amount of chitosan in all 

formulations have attained swelling equilibrium within short time period (6 h) while the 

matrix of CH-PCL in the preliminary formulations resulted in initial rapid increase in 

weight due to water uptake that resulted in swelling but equilibrated at relatively later stage 

of beyond 12 h. It was estimated that high PCL contents resisted the penetration of gastric 

fluid in the matrix resulting in late equilibrium. The higher rates of water uptake and 

swelling of the chitosan based matrix could be ascribed to prominent hydrophilic properties 

of CH that caused quick detachment of hydrogen bond and maximum relaxation (Frank 

and Lauterbur, 1993). The hydrophobic nature of the PCL have prevented water from 

entering into matrix and resulted in lesser water uptake, slower swelling response and less 

weight gain ultimately. The retardation of drug release from the matrix was greatly due to 

this optimum combination of CH-PCL matrix blends that ultimately governed the swelling 

index and water uptake behavior. The decrease of swelling degree after 12h was indicative 

of dissolution tendency of the CH that overcomes the swelling degree of the matrix (Wang 

et al., 2011). 
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Figure 4.19: Percent swelling behavior of different swellable GRDDS matrix tablets 

(HCl buffer, pH 1.2) 

 

4.5 Mucoadhesive time 

The time a mucoadhesive system takes to get attached to the mucous membrane is 

lag time of adhesion and the length it remained intact with membrane is mucoadhesion 

time. In the case of MCN swellable matrix tablets, these were hydrated for 5 min in the 

HCl buffer media and were attached to the mucous membrane of animal (rabbit) intestine 

with a little force so that it can form a covalent or hydrogen bond with the membrane for 

30 seconds. The gel like appearances of the polymeric blends also contributed to the strong 

adhesion of the system with mucous membrane. An ideal mucoadhesive drug delivery 

system should not cause any mucosal irritation and should be flexible enough upon 

hydration so that it can adhere perfectly with stomach mucous and ultimately remain much 
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comfortable and well accepted for patients. The adhesion of chitosan with the membrane 

remained for longer period of time almost for the entire period the tablet remained intact 

and didn’t disintegrate or dissolve in the buffer media (Table 4.17). Chitosan rapidly got 

hydrated in the buffer to form gel like texture that become spongy and remained attached 

to the mucous for longer duration. Mucoadhesive time was higher for the tablets prepared 

with chloroform than dichloromethane as a solvent. M24 remained for almost 12 h in the 

buffer media and attached to the surface demonstrating excellent adhesion of polymers with 

mucous membrane. 

Table 4.17: In-vitro mucoadhesive capacity (expressed as detachment force, mean± 

SD, n = 3) and in-vivo residence time in stomach (mean ± SD, n = 3) of swellable matrix 

tablets. 

Formulations 
In-vitro detachment 

force (dyne) 

In-vitro mucoadhesive 

time (min) 

M21 180.7±4.7 595 ±32 

M22 195.4±6.5 632±41 

M23 201.8±4.5 611±45 

M24 211.3±4.2 718±57 

M51 183.1±5.3 624±29 

M52 203.4±6.1 671±38 

M53 198.7±4.8 652±31 

M54 234.1±5.8 725±44 
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4.6 Mucoadhesive strength 

The residence time of the swellable matrix delivery systems at the required target 

site can be increased by developing mucoadhesive (gastro-retentive) delivery systems by 

proper adhesion of system to mucin layer of biological membranes. This behavior results 

in the sustained drug release at target site. These mucoadhesive systems have the potential 

to insufficient mucoadhesion due to the reason that mucoadhesive polymers can reach the 

target mucosal membrane in a pre-hydrated state that usually obstruct the full prospect of 

the developed system in the GI tract. This can result in the decreased mucoadhesion 

strength of the system due to presence of strained mucoadhesive bonds. The mucoadhesion 

can alternatively be increased if the polymers are delivered to the target adhesion site in 

some un-hydrated form or when blended in such a way that these system remain intact in 

the GIT for longer period with new polymer surfaces being exposed every time whenever 

a layer is eroded from the system. The mucoadhesion strength of these systems have been 

measured to evaluate these developed systems properties (Kremser et al., 2008).  

The results of mucoadhesive strength (Table 4.17) indicated that the excess quantity 

of chitosan in the tablets have resulted in the better mucoadhesion properties. All four 

formulations of optimized study showed excellent mucoadhesion with adhesion of M23 and 

M24 better than the M21 and M22. Similar behavior was observed with formulations M51 to 

M54. After hydration of the tablets and fastening to the mucus membrane of sheep tablet 

produced a gel like network that was able to interact with mucus membrane by physical 

entanglement along with the secondary hydrogen bonding and Van der Waals interactions. 

The swelling of the polymers due to the water uptake ability had increased the kinesis of 

the chitosan that facilitated the interaction of polymer to the mucus membrane. The greater 
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hydration of CH MM provided more effective chain flexibility for better physical 

entanglement with mucus membrane (Luppi et al., 2010). 

The reason for mucoadhesion lies in the fact that amino groups of intact chitosans 

were dissociated to positive charge that interacts with mucin chains and at the pH 1.2 exist 

as negatively charged sialic acid (pKa 2.6) and sulphate residues of mucin glycoprotein. 

The greater amount of medium molecular weight chitosan in the formulations was evident 

of this higher mucoadhesive strength due to the higher positive charge of dissociated amino 

groups (Abruzzo et al., 2012). 

4.7 FTIR spectroscopy 

The FTIR spectra of milnacipran HCl, CHLM, CHMM, PCL and different 

formulations was generated to evaluate and identify the possible physical interactions 

among the polymers and drug blends.  

The experiential spectra of pure chitosan LM and MM (Table 4.18A) showed 

characteristic bands of carbonyl, amide I (C=O-NHCH) at 1652 cm-1 and amine group, 

amide II (NH) at 1540 cm-1. The alkyl stretching bands were observed at 2869 cm-1 and the 

bands representing saccharide structure of chitosan as ether linkages (C-O-C) showed their 

peaks at 1050 and 1240 cm-1. The broader bands near 2850 - 3000 cm-1 were represented 

with high intensity peak at 2980 cm-1 and a low intensity peak at 2852 cm-1 showed 

asymmetric and symmetric CH2 respectively. The broader bands at and near 3675 cm-1 

were represented with NH2 and hydroxyl (OH) groups stretching vibrations (Pawlak and 

Mucha, 2003, Boonsongrit et al., 2008).  

The displayed spectrum of pure polycaprolactone (Table 4.18B) exhibited 

characteristic bands of symmetric and asymmetric alkyl (CH2) groups at 2869 and 2945 
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cm-1 respectively. The band at 1724 cm-1 were found due to carbonyl (C=O) stretching. The 

closer bands at wavelengths 1162 and 1240 cm-1 were due to the presence of symmetric 

and asymmetric COC stretching vibrations respectively. The C-C stretching bands 

(crystalline) were found at 1294 cm-1 and C-C stretching bands (amorphous) were found at 

1162 cm-1 confirming the structure of polycaprolactone (Elzubair et al., 2006). 

The spectral analysis of MCN by FTIR (Table 4.18C) indicated stretching 

vibrations of primary (N-H2) at two points of expression as 3220 cm–1, and 3148 cm–1 and 

methyl (CH3), C-H stretching vibrations at 2923 cm–1, 2892 cm–1, and 2809 cm–1. The 

carbonyl amide (RNCO) sharp stretching bands were observed at wavelength of 1606 cm–

1 and bending at 1590 cm–1. The secondary amine (C-N) and C-H bending vibrations were 

displayed at broader region of 1470-1430 cm–1. The aromatic ring presence was indicated 

as monosubstituted benzene and showed stretching and bending vibrations at 691 cm–1 and 

732 cm–1 conforming the presence of MCN in spectrum run (Gopal et al., 2013). 

The mucoadhesive matrix tablets of MCN (M21, M22, M23 and M24) with polymers 

(chitosan LM, chitosan MM and PCL) were scanned for IR spectrum to conform the 

existence of physical blends and absence of any chemical interactions between drug and 

polymers. The spectrum displayed the hydroxyl (OH) of chitosan at 3510 cm–1 and wider 

bands of primary amine (NH) of both MCN and CH in the region of 3250-3400 cm–1. The 

sharper peaks in the region of 2800-2950 cm-1 showed stretching bands of asymmetric and 

symmetric alkyl (CH2) groups. The presence of amide carbonyl linkage (O=C-N) of MCN 

was confirmed by stretching peak at 1652 cm-1 and secondary amine (N-C) group was 

attributed to the stretching peaks at 1560 cm-1. The peak at 1712 cm-1 was assigned to C=O 

group existence in the N(COR)2 amide ester linkage might be formed by reaction of OH of 

PCL with NH of CH during solvent blending of matrix (Wu, 2005). The existence of ether 
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linkages of saccharide structure of chitosan (C-O-C) were indicated by peaks at 1050-1240 

cm-1. Benzene ring (aromatic) presence was confirmed by stretching and bending vibrations 

between wave numbers of 690 cm–1 to 750 cm–1 (Abdolmohammadi et al., 2012). It was 

concluded from the above finding that it was possible to formulate a water soluble drug 

with these two polymers using modified solvent based granulation and melt granulation 

technique without any significance change in the chemical and physical properties of the 

formulating polymers. 

Table 4.18: Characteristics of different transmittance/absorbance bands of polymers 

and drugs using FTIR. 

Sr. 
No. 

Chemicals Observed Peaks 
cm-1 

Vibrations (Inference) 

A. 
Chitosan 
(Pawlak and 
Mucha, 2003) 

3675 OH group and NH group-stretching vibration. 
2980, 2852 Asymmetric/symmetric CH2 stretching vibration 
1730: Carbonyl group vibration 
1652 Bands of carbonyl, amide I (C=O-NHCH) 
1540 Amine group, amide II (NH) 
1600 NH2 in amino group 
1240 Ether linkages (C-O-C) 
1050 (C–O–C) in glycoside linkage 

B. 
Polycaprolactone 
(Elzein et al., 
2004) 

2945 Asymmetric CH2 stretching 
2869 Symmetric CH2 stretching 
1724 Carbonyl (C=O) stretching 
1294 C–C stretching bands (crystalline phase) 
1240 Asymmetric C-O-C stretching 
1162 Symmetric C-O-C stretching 
1162 C–C stretching bands (amorphous phase) 

C. 
Milnacipran HCl 
(Gopal et al., 
2013) 

3220, 3148 Primary amine (N-H2) stretching 
2923, 2892, 2809 Symmetric and asymmetric C-H stretching 
1606, 1590 Carbonyl amide (RNCO) stretching and bending 
1470 Secondary amine (N-C) bending 
1430 C-H bending vibrations 
691, 732 Monosubstituted benzene stretching and bending 
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4.8 DSC thermograms 

The optimized formulations were evaluated for the purity of the chemical 

substances used in the study as well as for drug to excipient compatibility and intractability 

analysis of the swellable matrix blends using heating based degradation analysis. DSC was 

used to determine the enthalpy of melting (fusion) for purity of chemical substance, the 

heat capacity to understand the energy transformation, glass transition temperature for 

amorphous characteristics, and the change in heat capacity for the transition of states of 

materials under test. 

The pure untreated MCN and polymers (CHLM, CHMM, and PCL) along with 

swellable mucoadhesive tablets (M22-M24, and M51-M54) were heated at rate of 10℃/min 

in the heating pan of the DSC under nitrogen environment individually between 

temperature range of 25-250℃ to obtain the thermograms (Figures 4.20-4.30). The DSC 

thermogram of pure untreated MCN showed a sharp endothermic peak at 179.85℃ having 

heat of fusion as 97.96 J/g (Figure 4.20) corresponding to its melting point and also 

demonstrated the purity of drug substance (Bauer et al., 1990). The thermogram of CH LM 

showed a broader endothermic peak starting at 102℃ and extending to 156℃ with 

optimum endotherm at 125℃ indicating the melting point of low molecular weight grade 

of chitosan (ΔH 208.45 J/g) as shown in Figure 4.21. CHMM also exhibited the similar 

behavior with broader peak but a little lower melting peak than LM grade attributed to more 

stable transition of phase at 122℃ with average enthalpy change of ΔH 252.09 J/g (Figure 

4.22). The transition temperature (Tg) of CH LM was found a bit higher than the CH MM 

at 51℃ and 44℃ respectively indicating the pure amorphous nature of these polymers. The 

thermogram of polycaprolactone showed an endothermic peak at 60.44℃, representing its 

melting point (Figure 4.23), and the heat of fusion (ΔH 65.5 J/g) describe its pure crystalline 
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form. The crystalline temperature (Tc) was observed at 46.5℃ with a little bend of the curve 

demonstrating crystalline nature of this polymer. 

The analysis of thermogram obtained for the formulation M22, it was obvious from 

the shorter endothermic peak at 58℃, the presence of PCL in lower quantities as it is almost 

the melting point of PCL. The interaction of PCL with the chitosans resulted in a little 

decrease in the melting point of the PCL with massive fall in the enthalpy of melting. Also 

the crystallinity was tending to be decreased with higher quantities of CH in the matrix. 

This behavior may be attributed to the weaker interactions like hydrogen bonding among 

the hydroxyl as well as amino groups of chitosan and the carbonyl groups existing in the 

structure of polyester (Senda et al., 2002). These interactions are representative of 

amorphous nature of both polymers so the solvent solution resulted in decrease in degree 

of crystallization of PCL.  

The endothermic peaks at two distinct points, i.e., at 96.5℃ and 128.57℃ might be 

due to the both chitosan which after blending with each other, drug and polycaprolactone 

may have formed ionic bonds between NH3+ group of CH with esters of PCL and carbonyl 

groups existing in MCN resulting in appearance of peak at 96.5℃ (Liu et al., 2004). The 

peak at 128.57℃ indicated the combinational peak of both CH LM and CH MM just near 

to their original melting points with much reduced enthalpy representing the physical 

interactions of both polymers along with existence of lower melting peak at 96.5℃ with 

enthalpy of 12.26 J/g (Figure 4.24).  

The MCN melts at much lower temperature than its original melting point 

indicating the strength of hydrogen bonding between different functional groups of 

polymers with the MCN. The peak at 152.30℃ with the enthalpy change of 38.71 J/g is 

much lesser than the original melting temperature along with heat of fusion might be 
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representing the covalent and ionic interactions showing a true blend of MCN with these 

polymers in the matrix that can effectively control the release of drug from the system 

(Parejiya et al., 2012). The melting endotherm obtained at 208.07℃ is the melting point of 

lactose being used as diluent in the study. The existence of all the formulation factors in 

the matrix blend showed the good compatibility among the different ingredients as well as 

the technique adopted for the development of these systems. 

The thermograms of different formulations such as M23 and M24 showed the similar 

trends in the scans as indicated in the Figures 4.25 and 4.26. The different melting peaks 

observed such as, at 59℃ supports the presence of PCL, at 96.55℃ indicated the hydrogen 

bonding of amino group in CH with carbonyl groups of MCN and PCL, at 130.43℃ is the 

combined melting peak of both grades of chitosan, at 154.30℃ indicated the existence of 

MCN in the formulations and melting endotherm at 209.57℃ conforms the existence of 

lactose in the swellable matrix tablets. 

The thermograms of different optimized formulations (Figures 4.27-4.30) selected 

for in-vivo study also indicated the well-established compatibility among the different 

formulation ingredients. The shortest bending endotherm at 57.6℃ (M51), 49.8℃ (M52), 

56.7℃ (M53), and 58.2℃ (M54) represent the PCL endotherm being shifted to lower 

temperature indicative of amorphous form of crystalline polyester due to interactions and 

bonding with chitosans. The elongated stretched endotherms obtained at 90.1℃ (M51), 

90.02℃ (M52), 91.7℃ (M53), and 90.2℃ (M54) might be representative of ionic bonds 

formed with amino group of CH LM with esters, carbonyl groups of PCL and MCN. The 

endotherms at 119.96℃ (M51), 126.2℃ (M52), 122.4℃ (M53), and 129.24℃ (M54) might 

be due to CHMM and CHLM interaction and combination with dominance of medium 

molecular weight component. The compatibility of drug (MCN) in the matrix was 
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confirmed by the presence of sharper endothermic peak at 153.44℃ (M51), 153.14℃ (M52), 

153.48℃ (M53), and 154.30℃ (M54) with little enthalpy changes representing amorphous 

nature of the drug. The endothermic peaks near 200℃ in all the thermograms of 

formulations represented the presence of lactose in the matrix having amorphous 

characteristics indicative of small enthalpy change of 14.13J/g. 
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Figure 4.20: Thermogram of MCN indicating melting endotherm at 179.85 °C. 
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Figure 4.21: Thermogram of chitosan low molecular weight (CHLM) indicating 

melting endotherm at 125.01 °C. 
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Figure 4.22: Thermogram of chitosan medium molecular weight (CHMM) indicating 

melting endotherm at 122.61 °C. 
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Figure 4.23: Thermogram of polycaprolactone (PCL) indicating melting endotherm 

at 60.44 °C. 
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Figure 4.24: Thermogram of formulation M22 designated as F22 indicating melting 

endotherms at different temperatures. 
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Figure 4.25: Thermogram of formulation M23 designated as F23 indicating melting 

endotherms at different temperatures. 

50.00 100.00 150.00 200.00 250.00
Temp [C]

-20.00

-10.00

0.00
mW
DSC Thermal Analysis Result

F24.tad DSC

 

Figure 4.26: Thermogram of formulation M24 designated as F24 indicating melting 

endotherms at different temperatures. 
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Figure 4.27: Thermogram of formulation M51 designated as F-51 indicating melting 

endotherms at different temperatures. 
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Figure 4.28: Thermogram of formulation M52 designated as F-52 indicating melting 

endotherms at different temperatures. 
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Figure 4.29: Thermogram of formulation M53 designated as F-53 indicating melting 

endotherms at different temperatures. 
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Figure 4.30: Thermogram of formulation M54 designated as F-54 indicating melting 

endotherms at different temperatures. 
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4.9 Colorimetric method development of MCN by UV-Visible 

spectrophotometer and optimization 

Even the conventional method of spectroscopic analysis showed good linearity and 

precision in determining MCN concentrations of in-vitro dissolution samples but showed 

different results when estimated at different times in the same day and on successive days. 

For better confidence and more valid projections of the released MCN the estimation 

wavelength was increased to visible range so that a stable inter and intraday evaluation can 

be made. An accurate colorimetric method was developed for determination of MCN using 

UV-Visible spectrophotometer.  

4.9.1 Method development 

Ninhydrin (triketohydrindene hydrate) is principal calorimetric reagent used for the 

quantification by derivatization techniques of many primary amine carrying compounds 

(Friedman, 2004). Ninhydrin reacted with milnacipran’s primary amine present in its 

structure via oxidative deamination of this amino group to produce a purple blue colored 

compound known as Ruhemann’s purple (RP) that showed absorption maximum at 570 nm 

in UV-Vis Spectrophotometer. The displacement of an OH group of hydrated ninhydrin by 

primary amino group (nonprotonated) of MCN appeared as a rate-determining step in this 

ninhydrin reaction. This on further protonation of carbon and subsequent hydrolysis with 

ninhydrin formed the purple color RP (Friedman, 2004). The proposed chemical reaction 

of milnacipran HCl with ninhydrin can be represented as portrayed in Figure 4.31. 
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Figure 4.31: Proposed chemical reaction of milnacipran HCl with ninhydrin to form 

Ruhemman’s Purple 

4.9.2 Optimization of derivatization conditions 

The variables chosen for the ninhydrin and MCN reaction conditions were studied 

for accomplishing the optimized conditions to give absorbance maximum at 570 nm. 

Variables include ninhydrin concentration, drug (MCN) concentration, heating on naked 

flame and in glycine bath which are separately studied as under.  
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- H2O 

 

+ Ninhydrin 

Ruhemman’s Purple 

Ninhydrin 

 

+ 

+ 

135 
 



 

4.9.2.1 Maximum detection wavelength (𝛌𝛌𝛌𝛌𝛌𝛌𝛌𝛌) 

Ruhemann Purple’s (derivatized milnacipran) standard solutions were prepared in 

two different solvents, i.e., water and HCl buffer (pH 1.2) in three concentrations (40, 20, 

and 4 µg/ml). These were analyzed over a spectral range of 200-600 nm using UV-Vis 

spectrophotometer that exhibited maximum absorbance at 570 nm to be used for further 

determination of RP in all samples in this study.  

4.9.2.2 Ninhydrin concentration 

Three different ninhydrin concentrations (0.2%, 0.25% and 0.5% w/v) were 

selected to study ninhydrin influence on reaction with 1ml of 80 µg/ml MCN solution. It 

was found that optimum reaction (λmax) proceeded with 3 ml of 0.2% ninhydrin solution. 

Ninhydrin solutions of 0.2%, 0.25% and 0.5% showed absorbance as 0.335, 0.322 and 

0.254 respectively. More concentrated solutions showed lesser absorbance or weaker 

purple colored preparation indicative of complete reaction at stated concentration and 

remaining ninhydrin caused the dilution of the preparation resulting in decreased 

absorbance.  

4.9.2.3 Milnacipran HCl concentration 

MCN standard solutions (8, 32, 82, 160 and 140 µg/ml) were prepared and reacted 

with 3 ml of optimized 0.2% w/v ninhydrin solution to evaluate the impact of MCN 

concentration on the reaction. It was observed that with the increasing concentration of 

MCN in the reaction mixture, the intensity of purple color and its absorption spectrum in 

UV-Vis spectrophotometer increased gradually and proportionally demonstrating 400 

µg/ml as the optimum concentration. The computability of all the concentrations of MCN 
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in above reaction with optimized 0.2% w/v ninhydrin indicated efficient utility of the 

reaction even at diluted concentrations. The results of spectral absorption at 570 nm are 

represented in Figure 4.32. 

 

Figure 4.32: Relationship between absorption maximum 570 nm and MCN 

concentration (n=6). 

4.9.2.4 Heating source and temperature 

Heating source was optimized by reacting both optimized solutions, i.e., 1ml of 400 

µg/ml MCN solution and 3ml of 0.2% w/v ninhydrin solution on two heating sources 

separately, i.e., glycerin bath and naked flame. The findings described that the reaction in 

the glycerin bath at 120 ±10 ℃ created reddish purple spots in the reaction mixture and 

exhibited fluctuations in the spectral absorbance at 570 nm signifying an in-complete 

reaction. This reaction mixture turned yellow on storage for one hour and resulted in 

disappearance of absorbance at 570 nm indicating the weakness of reaction being reversed 

to reactants in the presence of water at room temperature. This behavior could be attributed 
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to the fact that primary amine of MCN react very slowly with ninhydrin, resulting in low 

color intensity during single reaction time that resulted in incomplete reaction on glycerin 

bath. So the measurement of color intensity at numerous time intervals can be evaluated to 

signify if the reaction maximum is achieved (Friedman, 2004, Zu, 2009). The reaction at 

naked flame showed complete reaction in 2 min of exposure of reaction mixture to boiling 

state resulting in the complete and uniform purple color indicating formation of RP.  

4.9.2.5 Elapsed time on intensity of reaction 

The effect of time elapsed after reaction on naked flame to the stability of RP 

formed was determined by storing it at room temperature for the period of 2 h. The selected 

three concentrations of MCN (32, 80 and 400 µg/ml) was reacted with 0.2% w/v solution 

of ninhydrin for studying the effect of elapsed time on the intensity of color and subsequent 

absorbance at 570 nm wavelength. The 400 µg/ml solution produced intense dark purplish 

blue color and shown absorbance value of 1.183 at zero time of cooling after reaction. 

Similarly, 80 µg/ml showed purplish blue color with 0.274 absorbance and 32 µg/ml 

produced light purple color with 0.101 absorbance at 570 nm. The reaction mixtures of 

these three concentrations were re-evaluated after 1h and 2h of the reaction when stored at 

room temperature and shown stability of the reaction with a mild increase in intensity of 

color as well as the absorbance value at 570 nm. The outcomes indicated that, MCN 

(containing primary amino group) reaction with ninhydrin solution in acetone/water media 

at temperature of 95±10 ºC for 50 to 120 s remained stable for testing for longer analytical 

duration required for proper analysis of samples (Csapó et al., 2008). The results are 

summarized in Figure 4.33. 
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Figure 4.33: Stability of absorbance of MCN reaction mixture stored at room 

temperature. 

4.9.3 Validation of the developed method 

The usefulness of analytical techniques that are easy to analyze and don’t require 

expensive, highly efficient and time consuming instruments are always encouraged in 

pharmaceutical analysis. The spectrophotometric method for determination of drugs for 

analysis purpose is considered most important in this respect. Thus, to evaluate the 

developed simple and sensitive UV-Vis spectrophotometric method, linearity, accuracy, 

precision, sensitivity and robustness were assessed and are reported a follows: 

4.9.3.1 Linearity 

The linear calibration curve was obtained over the range of 4-80 µg/ml 

concentrations prepared from the primary derivatized 400 µg/ml concentration with 

correlation coefficient (R2) obtained was greater than 0.999 with best fit linear regression 

equation obtained was y = 0.0033x + 0.0018, R² = 0.9998 (Figure 4.34). The results showed 

an excellent correlation between the absorbance values obtained against the concentrations 
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implied. The standard deviation values of absorbance of the different concentrations were 

considerably minor and RSD values were below 3.5%. The absorbance range was 0.0154-

0.254 for 4-80 µg/ml and linearity remained same when computed for higher 

concentrations like 1.125 for 400 µg/ml. 

 

Figure 4.34: Calibration curve for RP obtained by derivatization of MCN. 

 

4.9.3.2 Accuracy 

The standard error and percentage recovery of analyzed three derivatized MCN 

concentrations were determined to find the accuracy of the method. The values of standard 

deviation, relative standard deviation, percent recovery and percent error are summarized 

in Table 4.19. To establish accuracy of developed method, standard addition to 80 µg/ml 

tablet concentration at three varying concentration (4 µg/ml, 20 µg/ml and 40 µg/ml) was 

evaluated for recovery studies and obtained results were 101.89, 99.92, and 101.86 % 

respectively. The least %RSD and percentage error results were computed that were within 

the acceptable limits (Cazes, 2004). 
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Table 4.19: Recovery studies of swellable MCN matrix tablets (n=3). 

Tablet Sample 

solution 

(µg/ml) Cb 

Standard 

solutions 

(µg/ml) Cc 

Total Conc. 

(µg/ml) Ca 

Recovery (%) 

± SD 
% RSD % Error 

80 4 84 101.894±0.001 9.116 1.894 

80 20 100 99.924±0.0025 5.280 0.0757 

80 40 120 101.856±0.0038 4.056 1.856 

 

4.9.3.3 Precision 

The reproducibility and repeatability of the developed method was determined by 

analyzing the derivatized concentration of MCN at six different time interval on the same 

day in triplicate as well as on six different days with fresh derivatization on every day in 

triplicate. The results of interday and intraday precision are demonstrated in terms of 

percent RSD along with percent recovery, standard deviation and percent error (Table 

4.20). The results of precision analysis indicated that method is much sensitive for lower 

as well as higher concentrations of derivatized MCN. The recovery of more than 100% for 

every sample with error percentage not exceeding 2.31% in both intraday and interday 

analysis depicted the method as very sensitive to MCN. The method demonstrate a good 

reproducibility and repeatability so MCN can be tested using the method efficiently (Cazes, 

2004).  
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Table 4.20: Precision analysis of milnacipran HCl derivatized (RP) (n=6).  

Analysis 
Standard solutions 

(µg/ml) 

Concentration 

 ± S.D (µg/ml) 

Recovery 

(%) 
% RSD 

% 

Error 

Intraday 

4 4.088±0.0005 102.19 5.34 2.19 

20 20.14±0.0019 100.70 4.83 0.70 

40 40.49±0.0031 101.23 3.96 1.22 

Interday 

4 4.092±0.0004 102.31 4.99 2.31 

20 20.30±0.0005 101.48 1.38 1.48 

40 40.76±0.0009 101.90 1.33 1.89 

 

4.9.3.4 Sensitivity 

The sensitivity of the developed method was determined by limit of detection 

(LOD) that was found to be 0.929 µg/ml and limit of quantification (LOQ) was determined 

as 2.82 µg/ml. These observed values demonstrate that the developed method is appropriate 

to detect as well as quantify the least quantity of milnacipran in matrix tablets with good 

sensitivity. The sensitivity of the method proved to be in conjunction or even superior to 

the UV detection methods and HPLC determinations developed for MCN (Singhvi et al., 

2013, Singhvi et al., 2014b). 

4.9.3.5 Robustness 

The analysis of deliberate change in the derivatization parameters designated that 

there was a slight alteration in the analytical outcomes with similar purple color and 

absorbance values. The recovery (% age) and standard deviation were computed at each 

time and were found as 100.12% and 0.00821, respectively. The percentage RSD was found 

to be 2.36%. The results specified that the analytical performance was expected to be 

effected by minor changes in analytical procedure conditions but no unfavorable results 
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was reported presenting excellent sensitivity and robustness of the proposed method. The 

findings of optimization and validity of the proposed study is summarized in the Table 4.21 

in terms of optical and regression characteristics. 

Table 4.21: Optical and regression characteristics of proposed MCN method 

Parameters Values 

λmax, nm 570 

Beer’s law limit, μg/ml 4 - 400 

Molar absorptivity, L/mol.cm 3.0547 x 103 

Regression equation y = 0.0031x + 0.0024 

Slope ± S.D 0.0031 ± 0.00019 

Intercept ± S.D 0.0028 ± 0.00051 

Correlation coefficient (R2) 0.9999 

Limit of Detection (LOD), μg/ml 0.550 

Limit of Quantitation (LOQ), μg/ml 1.667 

Intraday precision (% RSD) 4.713 

Interday precision (% RSD) 2.569 

 

4.9.4 Analysis of known samples of MCN swellable matrix tablets 

Two formulations of MCN (M21 & M24) were analyzed for the contents of MCN by 

the developed method (n=3). Good results with least percentage RSD and percentage error 

proved the analytical method as efficient. The comprehensive results of the analysis of 

MCN swellable matrix tablets are given in Table 4.22. 
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Table 4.22: Assay of MCN in swellable matrix tablets after derivatization (n=3) 

Sr. No. 
Extracted MCN 

concentration (µg) 

Found Conc. ± 

S.D (µg/ml) 

Recovery 

(%) 
% RSD % Error 

1 80 79.99 ± 0.0051 99.98 2.030 0.013 

2 80 79.47 ± 0.0062 99.33 2.488 0.664 

 

4.9.5 Analysis of unknown samples of MCN swellable matrix tablets 

The diluted dissolution samples of the MCN tablets were derivatized with ninhydrin 

to yield purple colored product RP. The RP was analyzed for MCN release at 570 nm and 

compared with standard curve of RP to yield amount in terms of percentage of MCN 

released at different time intervals. The release profile was generated for 12 h and plotted 

against time that is represented in the following section of in-vitro drug release. 

4.10 In-vitro drug release characteristics 

The amount of drug released from the prepared GRDDS swellable matrix tablets of 

mucoadhesive milnacipran HCl produced in preliminary (M1-M18) as well as optimization 

study (M21-M24, M41-M44 and M51-M54) formulated with different polymer blends was 

determined by in-vitro dissolution analysis. The release profile was generated in HCl buffer 

(pH 1.2) corresponding to gastric environment for the period of 12 h and plotted as 

percentage of drug release verses time in hours (or minutes) and represented in the Figures 

4.35-4.37 for preliminary MCN tablets, Figures 4.38 for initial optimization study of MCN, 

Figure 4.39 for weight based optimization study of MCN and Figure 4.40 portrayed for the 

MCN dose adjustment according to animal (dog) weight.  
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Figure 4.35: Percentage of drug released according to time from MCN matrix 

formulations M1, M3 to M6 with stadard deviation (n=6). 

 

Figure 4.36: Percentage of drug released according to time from MCN matrix 

formulations M2, M7 to M11 with stadard deviation (n=6). 
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Figure 4.37: Percentage of drug released according to time from MCN matrix 

formulations M12 to M18 with stadard deviation (n=6). 

 

Figure 4.38: Percentage of drug released according to time from MCN matrix 

formulations M21 to M24 with stadard deviation (n=6). 
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Figure 4.39: Percentage of drug released according to time from MCN matrix 

formulations M41 to M44 with stadard deviation (n=6). 

 

Figure 4.40: Percentage of drug released according to time from MCN matrix 

formulations M51 to M54 with stadard deviation (n=6). 
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4.10.1 Release parameters 

Different release parameters were calculated form the in-vitro dissolution 

characterization. These include, the percentage of drug released after maximum dissolution 

time (12h), T25%, T50% and T80% of each of the formulations (M1-M18, M21-M24, M41-M44 

and M51-M54) individually. 

Chitosan is poorly soluble in water but its rapid swelling and protonation in intense 

acidic environment leads to the burst release of drug and complete dispersion of tablets 

within few hours (George and Abraham, 2006). This protonation of the chitosan resulted 

in electrostatic repulsion among the amino groups of molecules that ultimately debilitated 

interaction of chitosan molecule’s inter and intramolecular hydrogen bonding. Such 

protonation is not reported when the conditions are neutral or basic that could lead to better 

swelling ratios and greater retardation of drug release from chitosan molecule (Zou et al., 

2015). Formulations (M1) prepared with single polymer CHLM displayed more rapid 

release from the blends and dispersed within first hour of dissolution due to solubility of 

lower grade chitosan in acidic environment that ultimately resulted in the maximum MCN 

release from matrix tablets (Padilla-Rodríguez et al., 2015).  

The CH MM (M2) showed greater resistance to acidic conditions and released the 

drug in 8 h, due to greater molecular weight of chitosan, the degree of swelling and 

solubility was much reduced in intense acidic condition. The formulations containing 

blends of both polymers (CHLM & PCL) with MCN in preliminary study revealed that as 

the quantity of PCL (hydrophobic polyester) increases in the tablet, the degree of relaxation 

of the polymeric network decreases and tablet took longer time to release the drug content. 

This was due to polymers capability of slowing down the entry of the dissolution media in 
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the matrix and thus, ultimately discouraged full hydration and swelling of polymers, which 

decisively led to a delay in release of drug (Hussain et al., 2015). Considering the same 

formulations, chloroform as a granulating solvent showed greater and better binding ability 

of the matrix tablets that resulted in lesser dissolution of drug contents as compared to that 

with dichloromethane. 

The medium molecular weight chitosan containing formulation blends of two 

polymers showed better control of drug release from the matrix. The drug release in the 

entire formulations prepared in preliminary study (CH MM & PCL) showed greater 

retardation might be due to lesser relaxation of polymeric chains that resulted in drug 

release which didn’t reached maximum at the end of dissolution study. Increased molecular 

weight and complexity of chemical structure of chitosan might cause this kind of behavior 

and polymer relaxation was inhibited by lipophilic contents present in the formulation 

along with higher molecular weight of chitosan. The better solubility of MCN and PCL in 

solvents used for granulation ensued in better results than melt granulation technique 

employed, e.g., better swelling, good release control and enhanced texture of tablets. 

Chloroform’s ability to evaporate slowly at room temperature resulted in better blend 

formulation than dichloromethane. The greater contact time of solvent during mixing was 

considered as the critical factor in blend formation and polymeric chains entanglement with 

drug (Shen et al., 2016). 

It was concluded from the above that lowering the concentration of chitosan in the 

matrix and alternatively increasing the hydrophobic characters (PCL) of the matrix blend 

caused a significant retardation of drug release from the matrix. Swelling of matrix tablets 

was decreased as the quantity of PCL increased in the matrix blend. It caused the reduction 

in polymer relaxation as well as reduced the diffusability of the dissolving media in the 
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matrix. This behavior of the matrix was due to the semi crystalline nature of PCL which 

cannot be penetrated by dissolution media as media penetrates only in amorphous regions 

of the matrix which were markedly decreased by the presence of higher content of 

polycaprolactone (Ranjha, 2011). 

The optimized blends of three polymers obtained using design of experiment based 

on the above critical factors were also evaluated for dug release studies in the simulated 

gastric conditions (HCl buffer pH 1.2). The increase in the concentration of PCL as 

compared to CH LM in these blends resulted in better control of polymers on drug release 

with CH MM being employed as major swelling retardant polymer employing release 

dependent on diffusion from the matrix blends. The presence of CH LM in these 

formulations caused the early relaxation of the polymeric matrix allowing buffer to 

penetrate CH MM that swells initially to gain a specific size with porous nature causing 

drug to be diffused in excessive quantities during first hour of the study (22.17% M21, 

21.64% M22, 26.24% M23, and 22.69% M24). The decreasing content of diluent with double 

quantities of polymers and drug employed in these blends (M41, M42, M43 and M44) showed 

more control of drug release. The even higher contents of CH LM with PCL in these blends 

caused early protonation of chitosan and polymeric relaxation but the penetration of 

dissolution media was retarded by lipophilic polymer causing lesser drug released at first 

hour than preliminary blends (15.23% M41, 21.64% M42, 23.20% M43 and 22.06% M44). 

The slow relaxation of CH MM in these optimized blends caused the constant swelling rate 

along with uniform erosion/dispersion of the whole matrix leading to drug released at 

predetermined combined diffusion and dissolution parameters at controlled rate promising 

the blends capable of producing controlled release for period of 12 hours in intense acidic 

conditions of stomach (Sahoo et al., 2010).  
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It was perceived that majority of drug from blend formulations released by diffusion 

process. Drug diffusion step was predicted as a rate defining step for the release pattern 

when sink conditions were maintained. At the initial phase of dissolution (first hour), it was 

observed that dissolution medium starts penetrating the matrix causing it to swell and gain 

volume. The solid polymeric matrix started to change from glassy appearance to somewhat 

rubbery (elastic) state that as a result caused the drug to diffuse through this swollen rubbery 

polymeric state to the dissolution medium resulting in diffusion controlled drug release 

(Popa et al., 2010). The different release parameters calculated are represented in tabular 

form as given in Tables 4.23-4.26 
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Table 4.23: Maximum percentage of drug release after 12 hours of dissolution, time 

to release 25 percent (T25%), 50 percent (T50%) and 80 percent (T80%) of drug from 

mucoadhesive matrix tablets. (Mean ± SD, n=3). 

Formulation 

code 

% drug 

released 

(Max. 12 h) 

T25% 

(min) 

T50% 

(min) 

T80% 

(min) 

M1 99.72±4.3 14.19 28.38 45.41 

M2 102.67±5.1 127.41 254.81 407.703 

M3 99.87±3.9 34.07 68.14 109.02 

M4 107.99±3.7 25.35 50.70 81.12 

M5 106.53±4.6 22.60 45.21 72.33 

M6 97.23±5.8 15.01 30.01 48.01 

M7 83.26±1.7 203.43 406.86 650.97 

M8 71.89±3.1 220.82 441.64 706.62 

M9 80.57±2.6 206.40 412.79 660.47 

M10 78.03±2.9 216.25 432.51 692.01 

M11 66.73±4.2 231.28 462.56 740.09 

M12 67.24±2.7 246.86 493.72 789.95 

M13 102.99±5.2 76.39 152.79 244.46 

M14 104.07±4.9 48.05 96.10 153.75 

M15 82.49±3.8 183.94 367.88 588.61 

M16 72.67±2.5 220.35 440.70 705.12 

M17 86.72±1.9 180.34 360.67 577.07 

M18 91.25±2.3 179.18 358.36 573.38 
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Table 4.24: Maximum percentage of drug release after 12 hours of dissolution, T25%, 

T50% and T80% of drug from mucoadhesive matrix tablets. (Mean ± SD, n=3). 

Formulation 

code 

% drug released 

(Max. 12 h) 

T25% 

(min) 

T50% 

(min) 

T80% 

(min) 

M21 103.03±5.3 150.37 300.75 587.23 

M22 95.58±4.7 183.51 367.02 587.23 

M23 89.44±4.2 184.57 369.14 590.62 

M24 95.97±3.9 168.67 337.33 539.73 

 

Table 4.25: Maximum percentage of drug release after 12 hours of dissolution, T25%, 

T50% and T80% of drug from mucoadhesive matrix tablets. (Mean ± SD, n=3). 

Formulation 

code 

% drug released 

(Max. 12 h) 

T25% 

(min) 

T50% 

(min) 

T80% 

(min) 

M41 115.43±3.97 146.93 293.86 470.18 

M42 95.58±4.82 183.51 367.02 587.23 

M43 105.03±4.17 169.35 338.69 541.91 

M44 94.96±3.79 182.98 365.96 585.54 

 

Table 4.26: Maximum percentage of drug release after 12 hours of dissolution, T25%, 

T50% and T80% of drug from mucoadhesive matrix tablets. (Mean ± SD, n=3). 

Formulation 

code 

% drug released 

(Max. 12 h) 

T25% 

(min) 

T50% 

(min) 

T80% 

(min) 

M51 101.68±2.17 157.356 314.711 503.538 

M52 93.08±3.07 159.139 318.277 509.244 

M53 101.97±2.09 151.655 303.310 485.296 

M54 102.58±2.41 154.885 309.771 495.633 
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4.10.2 Comparative release of optimized and scaled MCN formulations 

(M21 to M24) and (M51 to M54) vs RV. 

The release profile of the optimized formulations M21 to M24 (taken as test) was 

compared with the reference standard specification developed Rv (taken as reference) for 

the dissimilarity factor, f1 and similarity factor, f2 to establish that how much the optimized 

formulations correlate to the desired release specifications. The values of f1 was found 

within the specified limits of 0-15 and f2 was determined within 50-100 that correspond to 

their correlation confidence with the reference standard specification developed. The values 

are given in Table 4.27 and comparison is shown in Figure 4.41. All the formulation 

prepared with either chloroform or dichloromethane showed good linearity with standard 

specifications. The results indicated that formulations developed with chloroform solvent 

generated better results than formulations with dichloromethane. The best results (f1=6.09, 

f2=72.46) were produced for the formulation M24, prepared by blending chitosan medium 

with PCL using chloroform as solvent followed by M22, prepared by mixing same 

composition (CHMM, PCL) as in M24 but prepared using DCM as solvent. 

Scaled optimized formulations M51-M54 were also compared on similar basis to 

establish correlation with release specifications. The best results (f1=10.38, f2=61.28) were 

produced by M51, blended using CHLM with PCL using DCM as solvent followed by M54, 

prepared using chloroform as solvent and CHMM, PCL as polymers . Formulation M53 was 

found dissimilar on the basis of f1 values (f1=15.24, f2=51.58) found greater than 15. The 

results are summarized in Table 4.27. 

  

154 
 



 

Table 4.27: Dissimilarity (f1) and Similarity (f2) factors of optimized formulations 

Formulations f1 f2 Formulations f1 f2 

M21 14.17 52.65 M51 10.38  61.28  

M22 8.40 64.88 M52 14.69  51.36  

M23 10.05 61.52 M53 15.24  51.81  

M24 6.09 72.46 M54 12.78  56.12  

 

 

Figure 4.41: Comparative percentage of drug release of test formulations (M21-M24) 

and reference formulation Rv. 

4.11 Kinetics of drug release 

Kinetic analysis was performed to interpret the release pattern as well as to 

determine the mechanism of drug release from matrix system. Correlation coefficient ‘R²’ 

values were determined to find the best fit model with higher ‘R²’ values as shown in Tables 
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4.28 for preliminary study with MCN. Higuchi model was found to be the best correlated 

with the release pattern demonstrating the system as diffusion controlled release with 

diffusion of drug from the matrix as predominant release mechanism for majority of the 

formulations (Elseoud et al., 2018). The release pattern also fits to Hixson Crowell and first 

order model making it to link with dissolution controlled systems.  

The application of Korsmeyer Peppas equation to the dissolution data showed 

maximum correlation and best values of regression coefficient were obtained. The release 

exponent (n) was also computed and its values were found dependent on function of 

polymers and drug’s physicochemical properties. The values of n were found to be between 

0.45-0.9 (Table 4.28) that indicated a combined diffusion and swelling controlled release 

mechanism from all the formulations of preliminary study except M2, M3, M4, and M5. 

These exceptional formulations showed excessive release within first 2 h of the study and 

exhausted the drug from matrix indicating erratic behavior with super case II type release 

(Kulkarni et al., 1999). The application of kinetic equations to the optimized formulations 

(M21-M24) showed excellent correlation to the Higuchi as well as Korsmeyer Peppas model 

(Table 4.29). The initial rapid swelling and relaxation of polymeric blends caused the blend 

to become porous that allowed the diffusion of drug through these pores. The diffusion of 

drug from these matrices was rate limiting step that allowed these formulations to be 

diffusion controlled systems. Higuchi model describe drug release independent of 

concentration and mimic zero order release mechanism making the systems to be 

designated as controlled release systems (Hussain et al., 2013). The values of n were found 

between 0.5-0.7 corresponding non-Fickian drug release mechanism with combined 

diffusion and dissolution system that allowed both swelling and erosion of the matrices. 
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The kinetic equations were also applied to the formulations M41-M44 and M51-M54, the 

results of these were computed and described in Tables 4.30-4.31. 

The swelling controlled matrix systems normally developed excessive pores in the 

matrix during the dissolution studies (Peppas and Narasimhan, 2014). These pores were 

typically responsible for the diffusion of drug from the matrix along with polymeric 

relaxations caused matrix to erode and dissolve in media. Higuchi equation described the 

best possible way of drug diffusion from such matrix. The release data of the formulations 

when applied to the equation showed maximum correlation and suggested the mechanism 

of release from the matrices to be diffusive controlled and falls to near zero order drug 

release from the blends. Chitosan due to its hydrophilic nature became hydrated and swells 

in the presence of acidic media and caused the polymeric relaxation possessed diffusion of 

drug from the matrix (Omwancha et al., 2013). 
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Table 4.28: Release kinetics of MCN mucoadhesive matrix tablets (preliminary study) 

showing correlation coefficient R2, slop K and n values by applying different kinetic 

equations. 
Fo

rm
ul

at
io

n 
co

de
 

Hixson Crowell 

Q01/3-Qt1/3=KHCt 

Zero order 

Qt=K0t 

First order 

Qt=InQ0-K1t 

Higuchi 

Mt/M∞=KHt1/2 

Korsmeyer-

Peppas 

Mt/M∞=Ktn 

KHC R2 K0 R2 K1 R2 KH R2 R2 n 

M1 0.010 0.9937 1.762 0.965 0.04 0.98 12.53 0.996 1 0.62 

M2 0.001 0.9832 0.196 0.917 0.004 0.967 3.885 0.952 0.993 0.68 

M3 0.003 0.8494 0.734 0.938 0.011 0.81 6.655 0.741 0.996 1.61 

M4 0.004 0.7353 0.986 0.844 0.014 0.694 7.728 0.632 0.999 2.37 

M5 0.005 0.8611 1.106 0.959 0.018 0.817 8.896 0.788 0.996 1.45 

M6 0.009 0.9832 1.666 0.992 0.033 0.963 11.74 0.975 1 0.81 

M7 0.001 0.9421 0.123 0.873 0.002 0.956 2.703 0.964 0.984 0.62 

M8 0.001 0.9678 0.113 0.896 0.002 0.983 2.486 0.974 0.999 0.64 

M9 0.001 0.9675 0.121 0.906 0.002 0.977 2.652 0.966 0.995 0.65 

M10 0.001 0.9672 0.116 0.914 0.002 0.977 2.527 0.96 0.994 0.67 

M11 0.000 0.8852 0.108 0.772 0.002 0.921 2.414 0.992 0.993 0.53 

M12 0.000 0.9612 0.101 0.908 0.002 0.975 2.216 0.963 0.994 0.66 

M13 0.002 0.9896 0.327 0.918 0.006 0.971 4.968 0.947 0.991 0.7 

M14 0.003 0.977 0.52 0.852 0.012 0.952 6.721 0.946 0.963 0.62 

M15 0.001 0.9708 0.136 0.843 0.003 0.991 3.009 0.979 0.992 0.59 

M16 0.001 0.9652 0.113 0.893 0.002 0.981 2.492 0.973 0.997 0.64 

M17 0.001 0.9908 0.139 0.902 0.003 0.997 3.039 0.966 0.996 0.65 

M18 0.001 0.9806 0.14 0.916 0.003 0.981 3.049 0.962 0.996 0.67 
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Table 4.29: Release kinetics of optimized MCN formulations showing correlation 

coefficient R2, slop K and n values of formulations by applying different kinetic 

equations. 
Fo

rm
ul

at
io

n 
co

de
 

Hixson Crowell 

Q01/3-Qt1/3=KHCt 

Zero order 

Qt=K0t 

First order 

Qt=InQ0-K1t 

Higuchi 

Mt/M∞=KHt1/2 

Korsmeyer-

Peppas 

Mt/M∞=Ktn 

KHC R2 K0 R2 K1 R2 KH R2 R2 n 

M21 0.001 0.9861 0.166 0.8719 0.004 0.9789 3.713 0.9824 0.9956 0.601 

M22 0.001 0.9507 0.136 0.9240 0.002 0.9450 3.003 0.9432 0.9782 0.692 

M23 0.001 0.8886 0.135 0.7799 0.003 0.9113 3.051 0.9758 0.9764 0.519 

M24 0.001 0.9535 0.148 0.8419 0.003 0.9659 3.323 0.9887 0.9946 0.566 

 

Table 4.30: Release kinetics of scaled up MCN optimized formulations showing 

correlation coefficient R2, slop K and n values of formulations by applying different 

kinetic equations. 

Fo
rm

ul
at

io
n 

co
de

 

Hixson Crowell 

Q01/3-Qt1/3=KHCt 

Zero order 

Qt=K0t 

First order 

Qt=InQ0-K1t 

Higuchi 

Mt/M∞=KHt1/2 

Korsmeyer-

Peppas 

Mt/M∞=Ktn 

KHC R2 K0 R2 K1 R2 KH R2 R2 n 

M41 0.001 0.9671 0.170 0.9738 0.003 0.938 3.711 0.931 0.999 0.781 

M42 0.001 0.9507 0.136 0.9240 0.002 0.945 3.003 0.943 0.978 0.692 

M43 0.001 0.9556 0.148 0.9449 0.003 0.940 3.239 0.935 0.983 0.733 

M44 0.001 0.9414 0.137 0.8835 0.002 0.946 3.038 0.964 0.980 0.621 
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Table 4.31: Drug release kinetics of scaled down MCN formulations designed for in-

vivo analysis showing correlation coefficient R2, slop K and n values of formulations 

by applying different kinetic equations. 
Fo

rm
ul

at
io

n 
co

de
 

Hixson Crowell 

Q01/3-Qt1/3=KHCt 

Zero order 

Qt=K0t 

First order 

Qt=InQ0-K1t 

Higuchi 

Mt/M∞=KHt1/2 

Korsmeyer-

Peppas 

Mt/M∞=Ktn 

KHC R2 K0 R2 K1 R2 KH R2 R2 n 

M51 0.001 0.9864 0.159 0.927 0.003 0.975 3.511 0.9619 0.995 0.676 

M52 0.001 0.9694 0.157 0.756 0.004 0.990 3.561 0.9900 0.990 0.512 

M53 0.001 0.9897 0.165 0.883 0.004 0.983 3.674 0.9735 0.991 0.620 

M54 0.001 0.9934 0.161 0.947 0.003 0.975 3.548 0.9486 0.996 0.718 

 

4.12 In-vivo pharmacokinetics of MCN 

The pharmacokinetics of drugs demonstrate its absorption, distribution and 

elimination after it has been administered. The formulation development to design dosage 

regimen of drugs can be utilized to efficiently determine steady state drug concentration in 

plasma at specified time intervals that will lead to determining the optimum drug 

concentration at various time points in target tissues and fluids.  

The in-vivo pharmacokinetics was performed on the selected formulation M54 based 

on its better in-vitro release characteristics, specifically scaled down to 30 mg MCN 

concentration depending upon the average weight of animals (dogs). The drug was well 

tolerated by all the animals with least appearance of side effects. The chromatogram of 

MCN detected in plasma samples of dogs is represented in Figure 4.42. 
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Figure 4.42: Chromatograms of MCN showing peak at 5.303 minutes 

4.12.1 Preparation of calibration curve 

The calibration curve of MCN was constructed in dog’s plasma after spiking the 

plasma with different standard solutions of 2, 4, 8, 10, 13.3, and 20 µg/ml prepared from 

stock solution of 1 mg/ml MCN. The curve was observed linear over the range of 

concentration studied with an equation of y = 34107 x + 223269 and regression value of 

R2 = 0.9959. The analysis was performed on three independently prepared samples and 

represented as standard deviation bars (Figure 4.43). 
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Figure 4.43: Average peak area response drawn against known plasma drug spiked 

concentrations (n=3). 

4.12.2 Validation of the developed HPLC method 

Recovery studies of M54 formulation depicted the method as highly accurate when 

evaluated on basis of addition of three different concentrations (4, 10, and 20µg/ml) to 24 

µg/ml sample and obtained values were 97.97%, 101.3%, and 99.76% respectively. RSD 

values were 1.58%, 1.18%, and 0.65% respectively with very low level of present error. 

The reproducibility and repeatability was evaluated on the basis of interday and intraday 

precision analysis (n=6). Interday precision was 3.7±1.0% while intraday was evaluated as 

2.56±2.1% with RSD of 3.4±1.8% and error of 1.19±0.89%. The method was also found 

sensitive based on LOD and LOQ values. The very low values of detection (LOD = 3.08 

µg/ml) and quantification (LOQ = 9.33 µg/ml) demonstrate the developed method as most 

sensitive in estimating minutes quantities of MCN in the plasma samples of dogs.  
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4.12.3 Plasma level time data of MCN after administration of oral solution 

to dogs 

The selected dose according to weight of dogs was administered in the form of oral 

solution (30 mg/100ml) and plasma level time curve for MCN was drawn for individual 

dog plasma concentrations as well as for mean concentrations and are shown in Table 4.32 

and Figures 4.44 to 4.51. Extravascular administration of MCN resulted in the plasma 

concentration time profiles. These profiles indicated that no MCN was detected of at zero 

time as well as at 48 h level in any sample after administration of oral MCN solution so 

these were excluded from the plasma level time curve. 

Table 4.32: Plasma concenations of MCN oral solution (six dogs, n=6) 

Time (h) 
Plasma concentration (ng/ml) 

Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

0.50 46.21 58.36 53.67 38.41 40.57 49.61 47.81 7.64 

1.00 90.18 99.31 90.18 77.36 81.35 98.25 89.44 8.80 

1.50 122.32 138.62 117.36 110.35 114.39 128.26 121.88 10.30 

1.75 142.16 153.61 137.35 127.69 131.25 141.26 138.89 9.16 

2.00 158.39 163.58 149.62 138.36 142.67 142.67 149.22 9.94 

2.50 151.91 159.38 143.67 129.68 131.83 139.51 142.66 11.51 

3.00 121.43 136.24 117.52 108.59 114.28 124.21 120.38 9.50 

4.00 79.27 88.53 72.54 71.52 79.17 77.26 78.05 6.10 

6.00 59.51 67.38 56.27 51.81 61.27 55.28 58.59 5.43 

8.00 41.84 50.27 38.76 34.26 39.83 43.20 41.36 5.34 

10.00 32.33 39.61 29.89 27.26 34.21 31.06 32.39 4.24 

12.00 24.48 20.34 17.36 15.51 20.47 23.58 20.29 3.46 

24.00 6.38 12.53 8.61 7.23 13.21 7.13 9.18 2.95 
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Figure 4.44: Plasma level time curve of MCN for D1 after oral solution administration 

(n=3 with SD bars) 

 

Figure 4.45: Plasma level time curve of MCN for D2 after oral solution administration 

(n=3, SD bars) 
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Figure 4.46: Plasma level time curve of MCN for D3 after oral solution administration 

(n=3, SD bars) 

 

Figure 4.47: Plasma level time curve of MCN for D4 after oral solution administration 

(n=3, SD bars) 
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Figure 4.48: Plasma level time curve of MCN for D5 after oral solution administration 

(n=3, SD bars) 

  

Figure 4.49: Plasma level time curve of MCN for D6 after oral solution administration 

(n=3, SD bars) 
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Figure 4.50: Comparative Plasma level time curve of MCN oral solution administered 

to dogs 1-6. 

 

Figure 4.51: Mean plasma level time curve of MCN for six dogs after oral solution 

administration (n=6, SD). 
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4.12.4 Pharmacokinetic parameters of MCN after administration of oral 

solution  

Pharmacokinetic parameters were calculated based on obtained plasma level time 

curve data after administration of oral solution of MCN to six dogs adopting non-

compartmental and two compartmental model approach. The good regression values 

obtained for employing both compartmental approach suggested them valid investigational 

parameters based on computed R2 values. Pharmacokinetic parameters of absorption, 

distribution and elimination based on the plasma level time curve were calculated for 

individual six dogs as well as for mean values using non-compartmental and two 

compartmental approaches opting PKSolver.  

4.12.4.1 Non-compartmental analysis of MCN oral solution 

The computed non-compartmental model values are given in Figure 4.52 and in 

Tables 4.33 for PKSolver kinetic software. 

The different pharmacokinetic parameters values are given in detail here. The 

elimination rate constant was computed as 0.105±0.00682 h-1, half-life of MCN after 

administration of oral solution was 6.57±0.3749 h, the mean maximum plasma 

concentration of 149.22±9.942 ng/ml was observed at Tmax of 2 h. The AUC0-t and AUC0-∞ 

was found to be 945.49±86.56 and 1032.57±99.20 ng.h.ml-1 respectively, AUMC0-∞ and 

MRT0-∞ values were computed as 9170.11±1392.56 ng.h2.ml-1 and 8.88±0.75 h 

respectively. Volume of distribution (Vd) was calculated as 275.53±34.81 ml and total 

clearance (CLT) was found to be 29.05±2.88 ml h-1. There was no lag time to reach plasma 

concentration (Tlag) computed for any dog.  

168 
 



 

Table 4.33: Non-compartmental pharmacokinetic parameters of MCN oral solution 

using PKSolver. 

Pharmacokinetic 
Parameters 

Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

Tlag (h) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cmax (ng/ml) 158.39 163.58 149.62 138.36 142.67 142.67 149.22 9.94 

Tmax (h) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 0.00 

AUC0-t (ng/ml*h) 971.93 1077.31 898.19 815.25 953.72 956.57 945.49 86.56 

AUC 0-∞ (ng/ml*h) 1027.62 1179.47 979.35 879.55 1071.06 1025.64 1032.57 99.2 

AUMC0-∞ (ng/ml*h2) 8072.88 10571.82 8480.25 7279.72 10713.56 8530.21 9170.11 1392.6 

MRT0-∞ (h) 7.86 8.96 8.66 8.28 10.00 8.32 8.88 0.75 

Vd (ml) 254.81 207.38 288.75 303.35 248.81 283.38 275.53 34.80 

t1/2 (h) 6.050 5.651 6.534 6.165 6.157 6.715 6.573 0.37 

Ke (h-1) 0.115 0.123 0.106 0.112 0.113 0.103 0.105 0.0068 

ClT (ml/h) 29.19 25.44 30.63 34.11 28.01 29.25 29.05 2.88 

R2 0.9996 0.9377 0.9593 0.9602 0.9287 0.999 0.9413 0.0299 

 

 

Figure 4.52: Extravascular non-compartmental analysis of MCN oral solution 

1

10

100

1000

0 5 10 15 20 25 30

C
on

ce
nt

ra
tio

n 
(n

g/
m

l)

Time (h)

169 
 



 

 

Figure 4.53: Extravascular two-compartmental analysis of MCN oral solution 

 

4.12.4.2 Two-compartmental analysis of MCN oral solution 

Compartmental analysis provides more information on the drug distribution. Some 

additional parameters are also given in compartmental analysis, these include Ka, t1/2ab, K10, 

K12, K21, A, B etc. The different pharmacokinetic parameters values obtained with 

PKSolver using two compartment model computed with Tlag described the elimination rate 

constant α (alpha) of absorption phase as 0.634±0.0457 h-1 and of elimination phase β (beta) 

as 0.0626±0.0106 h-1. The computed half-life was found as 1.09±0.084 h and 11.07±2.17 

h for absorption and elimination phases respectively. The overall half-life of absorption 

rate constant was computed as 0.99±0.030 h. The calculated peak plasma concentration 

(Cmax) was found 136.35±9.58 ng/ml at the Tmax of 1.97±0.049 h. The computed area under 

the curve for specific time point (AUC0-t) and maximum time value (AUC0-∞) was found to 

be 956.42±97.98 and 1120.60±172.60 ng.h.ml-1, respectively. Area under the moment 
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curve extrapolated to infinity (AUMC0-∞) and mean residence time (MRT0-∞) values were 

calculated as 13040.15±4980.21 ng.h2.ml-1 and 11.34±2.36 h respectively. Volume of 

distribution (Vd), clearance (ClT) of absorption and elimination phase was calculated as 

91.78±6.94 ml, 26.77±3.72 ml h-1 and 181.35±26.19 ml, 24.68±1.72 88 ml h-1 respectively. 

The rate constant of absorption (ka) was calculated as 0.697±0.022 h-1 with lag time to reach 

plasma concentration (Tlag) computed as 0.296±0.03 h for average of 6 dogs. The good 

correlation of the data to the non-compartmental approach as described by regression 

coefficient value of greater than 0.99 was indicative of data to obey non-compartmental 

approach. The results are summarized in the Table 4.34 and Figure 4.53. 

 

171 
 



 

Table 4.34: Pharmacokinetic parameters of MCN oral solution computed by two compartment model with Tlag using 

PKSolver (Microsoft Excel Add in). 

Pharmacokinetic Parameters Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

Tlag (h) 0.319 0.268 0.259 0.332 0.317 0.287 0.296 0.030 

A (ng/ml) 4678.7 1192.2 2584.7 1966.2 1112.5 3745.1 3146.9 1429.1 

ka (h-1) 0.696 0.741 0.691 0.710 0.736 0.735 0.697 0.022 

α (h-1) 0.652 0.560 0.614 0.616 0.573 0.680 0.634 0.046 

Cmax (ng.ml-1) 140.94 151.73 134.52 124.61 128.73 137.96 136.345 9.58 

Tmax (h) 1.978 1.981 1.940 1.992 2.033 1.890 1.970 0.049 

AUC0-t (ng.h.ml-1) 973.98 1124.93 913.05 824.49 965.78 957.16 956.420 97.98 

AUC0-∞ (ng.h.ml-1) 1115.42 1452.11 1080.98 940.79 1212.76 1086.39 1120.60 172.6 

AUMC0-∞ (ng.h2.ml-1) 11938.6 23017.1 12971.9 9818.5 17728.0 11298.8 13040.2 4980.3 

t1/2ab (h) 0.996 0.935 1.004 0.977 0.941 0.943 0.994 0.030 

t1/2α (h) 1.063 1.239 1.129 1.126 1.209 1.019 1.093 0.084 
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Table 4.34: Continued… 
Pharmacokinetic Parameters Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

Vd α (L) 0.088 0.090 0.093 0.102 0.105 0.091 0.092 0.007 

Vd β (L) 0.161 0.210 0.200 0.186 0.223 0.158 0.181 0.026 

B (ng/ml) 50.25 45.23 38.40 37.78 42.98 54.96 46.182 6.742 

β (h-1) 0.069 0.046 0.058 0.066 0.051 0.073 0.063 0.011 

k10 (h-1) 0.306 0.231 0.299 0.314 0.236 0.303 0.292 0.038 

k12 (h-1) 0.268 0.263 0.254 0.238 0.264 0.286 0.269 0.016 

k21 (h-1) 0.146 0.112 0.118 0.130 0.124 0.165 0.136 0.020 

t1/2 β (h) 10.11 15.00 12.05 10.46 13.57 9.46 11.072 2.171 

ClT (L.h-1) α 0.027 0.021 0.028 0.032 0.025 0.028 0.027 0.004 

ClT (L.h-1) β 0.024 0.024 0.024 0.024 0.028 0.026 0.025 0.002 

MRT (h) 10.38 15.58 11.74 10.10 14.30 10.11 11.34 2.36 

R2 0.988 0.991 0.988 0.990 0.992 0.995 0.991 0.003 

 

173 
 



 

4.12.5 Plasma level time data of MCN after administration of swellable 

matrix tablet (M54) 

The formulation M54 was selected for the in-vivo pharmacokinetics evaluation based 

on optimization of different parameters using design of experiment approach. The better 

drug release control, optimum hardness, least friability and better solvent for granulation 

were among some factors used for selection of tablet. The formulation was specially 

designed according to the weight based dose of MCN to dogs of average weight 15 kg by 

scaling down to contain 30 mg of drug in each formulation. The plasma level time curve 

was drawn for the six dogs selected for the study after administering the oral tablet deep in 

throat of each dog with water. Table 4.35 shows the concentration of MCN (in average and 

individual) in ng/ml after administering M54 tablets to six dogs. Figure 4.54 to 4.61 

represent the plasma level time curve of milnacipran HCl (ng/ml) after administering M54 

tablet. There was no MCN detected at zero time sample and also there was no concentration 

detected after 48 h samples of each dog. 

Table 4.35: Plasma concenations of MCN matrix tablet M54 insix dogs (n=6) 

Time (h) 
Plasma concentration (ng/ml) 

Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

0.5 14.27 15.48 14.90 18.44 13.51 16.75 15.56 1.79 
1 29.48 33.21 31.38 38.10 31.43 35.23 33.14 3.11 
2 47.26 53.03 50.27 61.11 56.63 61.30 54.93 5.76 
4 80.71 85.83 83.08 90.91 84.62 85.24 85.06 3.40 
6 95.94 104.17 101.23 115.09 106.14 106.61 104.86 6.37 
8 107.10 117.31 114.06 131.08 121.31 124.18 119.17 8.33 
12 104.17 123.64 116.36 134.47 122.77 128.19 121.60 10.45 
24 35.12 43.64 37.92 52.44 43.37 50.79 43.88 6.84 
48 3.99 9.72 7.25 8.91 5.36 8.08 7.22 2.18 
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Figure 4.54: Plasma level time curve of MCN for D1 after M54 tablet administration 

(n=3, ±SD) 

 

Figure 4.55: Plasma level time curve of MCN for D2 after M54 tablet administration 

(n=3, ±SD) 
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Figure 4.56: Plasma level time curve of MCN for D3 after M54 tablet administration 

(n=3, ±SD) 

 

Figure 4.57: Plasma level time curve of MCN for D1 after M54 tablet administration 

(n=3, ±SD) 
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Figure 4.58: Plasma level time curve of MCN for D5 after M54 tablet administration 

(n=3, ±SD) 

 

Figure 4.59: Plasma level time curve of MCN for D1 after M54 tablet administration 

(n=3, ±SD) 
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Figure 4.60: Plasma level time curve of MCN for D1-D6 after M54 tablet 

administration (n=3, ±SD) 

 

Figure 4.61: Average plasma level time curve of MCN for six dogs after M54 tablet 

administration (n=6, ±SD) 
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4.12.6 Pharmacokinetic parameters of MCN after administration of 

matrix tablet (M54) 

Different pharmacokinetic parameters were computed using the plasma level time 

curve of the six dogs individually and as mean, adopting both non-compartmental model 

approach as well as two compartmental model analysis. Kinetic software PKSolver was 

adopted for computation of various parameters. The correlation R2 values were found to be 

near 1 for both the compartmental and non-compartmental approaches adopted.  

4.12.6.1 Non-compartmental analysis of M54 matrix tablets 

Non-compartmental approach computed the pharmacokinetic parameters of M54 

matrix tablets in six dogs and their mean is represented in Table 4.36 (PKSolver) along 

with Figure 4.62. 

 

Figure 4.62: Extravascular non-compartmental analysis of M54 tablets 
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Table 4.36: Pharmacokinetic parameters of MCN matrix tablet M54 using PKSolver 

(non-compartmental analysis). 

Pharmacokinetic 
Parameters Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

Tlag (h) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cmax (ng/ml) 107.10 123.64 116.36 134.47 122.77 128.19 121.60 9.496 

Tmax (h) 8.00 12.00 12.00 12.00 12.00 12.00 12.00 1.63 

AUC0-t (ng/ml*h) 2288.14 2735.33 2517.54 3061.40 2687.95 2919.67 2701.67 276.83 

AUC 0-∞ (ng/ml*h) 2332.17 2875.18 2612.95 3180.00 2749.55 3024.98 2794.24 302.31 

AUMC0-∞ (ng/ml*h2) 34604.6 49984.8 42355.0 53440.5 42334.2 50485.5 45410.3 7023.3 

Vd (ml) 141.95 150.14 151.17 125.52 125.41 129.22 137.68 12.036 

t1/2 (h) 7.649 9.974 9.126 9.222 7.967 9.032 8.888 0.864 

Ke (h-1) 0.091 0.069 0.076 0.075 0.087 0.077 0.078 0.008 

ClT (ml/h) 12.86 10.43 11.48 9.44 10.91 9.92 10.74 1.22 

MRT0-∞ (h) 14.84 17.38 16.21 16.81 15.40 16.69 16.25 0.949 

R2 1.000 0.993 0.994 1.000 1.000 1.000 0.999 0.003 

 

The pharmacokinetic parameters calculated using non-compartmental model 

approach by applying PKSolver software described that maximum peak plasma 

concentration (Cmax) of 121.60±9.496 ng/ml was achieved at the Tmax of 12±1.63 h without 

any lag time to reach plasma concentration. The half-life of MCN was increased when 

formulated in M54 formulation with an average value of 8.888±0.864 h. The elimination 

rate constant was computed as 0.078±0.008 h-1, AUC0-t and AUC0-∞ were calculated as 

2701.67.13±276.83 ng.h.ml-1 and 2794.24±302.31 ng.h.ml-1 respectively. The mean 

residence time (MRT0-t) of MCN was found as 16.25±0.949 h with total AUMC0-∞ of 

45410.3±7023.3 ng.h2.ml-1. Volume of distribution (Vd) and total clearance (CLT) from 

body was calculated using PKSolver software and were found as 137.68±12.037 ml and 

10.74±1.22 ml.h-1 respectively. 
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4.12.6.2 Two-compartmental analysis of M54 matrix tablets 

The results obtained after application of two compartmental model to M54 tablets 

administered to six dogs using PKSolver demonstrated steady state peak plasma 

concentration (Cmax) of 116.52±8.24 ng/ml being achieved at the Tmax of 8.63±0.27 h with 

a lag time to reach plasma concentration computed as 0.104±0.058 h. The t1/2 of the 

absorption/distribution phase was markedly increased and that of elimination phase was 

decreased as compared to MCN solution representing the uniform absorption over the time 

period of 12 hour and then uniform elimination from body till 48th hour of the study. The 

computed half-life of both phases were 6.232±0.385 h and 6.185±0.319 h, respectively 

along with t1/2ab which was found to be 5.632±0.164 h. The extrapolated peak plasma 

concentration of absorption/distribution phase (A) and elimination phase (B) were 

computed as 1846.36±468.76 ng/ml and 1388.30±273.20 ng/ml, respectively. The rate 

constants of absorption phase (α), i.e., 0.111±0.007 h-1 and elimination phase (β), i.e., 

0.112±0.006 h-1 were also calculated distinctly different from the MCN oral solution. 

AUC0-t and AUC0-∞ were calculated as 2639.81±268.71 ng.h.ml-1 and 2705.16±287.15 

ng.h.ml-1, respectively. The mean residence time (MRT0-t) of MCN tablets was found as 

16.98±0.72 h with total AUMC0-∞ of 46226.26±6619.26 ng.h2.ml-1. Volume of distribution 

(Vd) of the distribution phase in case of M54 tablets was increased and that of elimination 

phase was decreased as evident from results. The total clearance (ClT) from body of both 

phases was also decreased evidently as compared to MCN solution. These results are 

summarized in the Table 4.37 and Figure 4.63.  
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Figure 4.63: Extravascular two-compartmental analysis of M54 tablets 

The good correlation (R2) values obtained after application of non-compartment 

model to both solution and M54 tablets made it more suited model to describe the 

pharmacokinetics of MCN. Even the two compartment model showed very high regression 

correlation when applied to M54 tablets so it might be concluded that formulation has 

followed two compartment model. Non-compartmental approach being the superior 

method found in both the solution and formulation was then used to compare MCN solution 

with M54 tablets from the calculated pharmacokinetic parameters.  
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Table 4.37: Pharmacokinetic parameters of MCN tablets (M54) computed by two compartment model with Tlag using PKSolver (Microsoft 

Excel Add in). 

Pharmacokinetic Parameters Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

Tlag (h) 0.150 0.106 0.145 0.040 0.166 0.031 0.104 0.058 

A (ng/ml) 1991.81 2037.41 1923.99 1674.78 1528.32 788.84 1846.36 468.76 

ka (h-1) 0.130 0.122 0.127 0.120 0.125 0.125 0.123 0.004 

α (h-1) 0.118 0.111 0.114 0.107 0.113 0.100 0.111 0.007 

Cmax (ng.ml-1) 104.093 116.356 111.505 128.138 118.020 121.241 116.522 8.236 

Tmax (h) 8.201 8.730 8.450 8.867 8.572 8.915 8.635 0.271 

AUC0-t (ng.h.ml-1) 2239.019 2661.400 2467.026 2991.720 2639.642 2854.901 2639.808 268.709 

AUC0-∞ (ng.h.ml-1) 2280.412 2730.841 2520.579 3079.228 2700.585 2944.522 2705.160 287.150 

AUMC0-∞ (ng.h2.ml-1) 36770.48 47175.06 41939.38 54470.91 45488.14 52715.12 46226.26 6619.26 

t1/2ab (h) 5.329 5.696 5.479 5.793 5.528 5.554 5.632 0.164 

t1/2 α (h) 5.860 6.269 6.058 6.504 6.151 6.952 6.232 0.385 

Vd α (L) 0.111 0.100 0.104 0.091 0.099 0.101 0.099 0.007 

Vd β (L) 9.73E-07 3.47E-07 4.51E-08 3.46E-06 2.95E-08 2.35E-05 1.34E-06 9.28E-06 
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Table 4.37: Continued… 

Pharmacokinetic Parameters Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Mean SD 

B (ng/ml) 1056.08 1212.66 1109.76 1500.00 1492.78 789.24 1388.30 273.20 

β (h-1) 0.119 0.110 0.115 0.108 0.113 0.103 0.112 0.006 

k10 (h-1) 0.119 0.110 0.114 0.107 0.113 0.101 0.112 0.006 

k12 (h-1) 1.04E-06 3.84E-07 4.97E-08 4.09E-06 3.38E-08 2.36E-05 1.51E-06 9.31E-06 

k21 (h-1) 0.119 0.110 0.115 0.107 0.113 0.101 0.112 0.006 

t1/2 β (h) 5.823 6.293 6.049 6.423 6.144 6.742 6.185 0.319 

ClT (L.h-1) α 0.013 0.011 0.012 0.010 0.011 0.010 0.011 0.001 

ClT (L.h-1) β 1.16E-07 3.83E-08 5.17E-09 3.72E-07 3.33E-09 2.38E-06 1.5E-07 9.38E-07 

MRT (h) 15.974 17.169 16.494 17.649 16.678 17.872 16.984 0.723 

R2 0.995 0.992 0.992 0.994 0.993 0.993 0.994 0.001 
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4.13 Comparative pharmacokinetics of MCN solution and M54 tablet 

Comparative plasma level time profiles after administration of MCN oral 

solution and formulation M54 is given in Table 4.38 and Figure 4.64. Tables 4.38 

represent the overall amount of plasma drug detected and Tables 4.39-4.40 represent 

various pharmacokinetic parameters calculated using mean values of six dogs with both 

MCN oral solution and formulation M54 along with their significance of difference 

values computed by non-parametric Mann-Whitney test. Concentrations at zero time of 

administration as well as beyond 24 h in case of oral solution and 48 h in case of 

formulation administration were below the detection limit of method used and were not 

computed at these points. The MCN from solution showed rapid absorption with 

maximum concentration attained at 2 hours of dosing and then promptly eliminated 

from the dog plasma with no detection of drug after 24 h as compared to M54 which 

moved slowly to peak plasma concentration at 12 h level and elimination was extended 

till sampling interval of 48 h.  

Table 4.38: Comparative plasma level time of MCN oral solution and M54 tablets 

analyzed by non-parametric 

Parameters Concentration (ng.ml-1) 
Mean ±SD 

Difference 
(Sig. p ˂0.05) 

Time (h) MCN Solution M54 matrix tablets Mann-Whitney 
test (2-tailed) 

0.5 47.81±7.64 15.56±1.79 0.004 
1.0 89.44±8.80 33.14±3.11 0.004 
2.0 149.22±9.94 54.93±5.76 0.004 
4.0 78.05±6.10 85.06±3.40 0.037 
6.0 58.59±5.43 104.86±6.37 0.004 
8.0 41.36±5.34 119.17±8.33 0.004 
12.0 20.29±3.46 121.60±10.45 0.004 
24.0 9.18±2.95 43.88±6.84 0.004 
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The application of non-parametric Mann-Whitney test resulted in significance 

of difference values and all the parameters calculated (Table 4.38-4.40) were found 

significantly different with P values of less than 0.05. The higher MCN concentrations 

was found for MCN solution at various time points (h), i.e., at 0.5 h, 47.81±7.64 ng/ml 

as compared to 15.56±1.79 of M54 tablets (P=0.004). Similarly MCN concentration 

reached maximum (Cmax) 149.22±9.94 ng/ml at 2.0 h (Tmax) for solution as compared 

to 54.93±5.76 ng/ml of M54 tablets at same time point (P=0.004). The peak MCN 

concentration for M54 tablets was achieved at 12 h (121.60±9.47 ng/ml) while in case 

of solution, this time point indicated almost elimination of drug from body, i.e., 

20.29±3.46 ng/ml (P=0.004). There was a major difference found in the total area under 

the curve (AUC0-∞) values computed for solution and tablets, i.e., 1032.57±99.2 

ng.h.ml-1 for solution and 2794.24±302.31 ng.h.ml-1for M54 tablet. The mean residence 

time of solution was detected as 8.84±0.44 h while it was majorly increased in the case 

of tablets to 17.34±0.96 h. AUMC0-∞ (Area under the first moment of time curve) was 

also compared for both solution and tablets with least values were found for solution, 

i.e., 8897.73±986.12 ng.h2.ml-1 as compared to M54 tablets, i.e., 44883.3±6667.85 

ng.h2.ml-1 (P=0.004). There was major change in values of volume of distribution from 

solution to tablets with least value of 137.68±12.04 ml for tablet as compared to 

275.53±34.80 ml for solution. 

In non-compartmental pharmacokinetics, no lag time (Tlag) was observed while 

there was a minor but significant Tlag was detected in case with compartmental 

pharmacokinetics. The measured variations among the six dogs after administration of 

MCN solution were found greater than the formulation which have been reported earlier 

(Parejiya et al., 2013a). The major differences were observed in absorption phase. The 
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peak plasma concentration was observed early in the case of solution administration (2 

h) that was much prolonged to 12 h in case of M54 tablets (P=0.004). Similarly 

absorption phase was steadier, and much prolonged in M54 tablets as compared to 

solution representing sustained release of MCN from M54 tablets. 

Table 4.39: Comparative non-compartmental pharmacokinetics parameters of 

MCN oral solution and M54 tablets by non-parametric test 

Parameters 

Concentration (ng.ml-1) 

Mean ±SD 

Difference 

(Sig. p ˂0.05) 

MCN Solution 
M54 matrix 

tablets 

Mann-Whitney 

test (2-tailed) 

Tlag (h) 0 0 - 

Cmax (ng/ml) 149.22±9.94 121.60±9.496 0.004 

Tmax (h) 2±0 12.00±1.63 0.001 

AUC0-t (ng/ml*h) 945.49±86.56 2701.67±276.83 0.004 

AUC 0-∞ (ng/ml*h) 1032.57±99.2 2794.24±302.31 0.004 

AUMC0-∞ (ng/ml*h2) 9170.11±1392.6 45410.3±7023.3 0.004 

Vd (ml) 275.53±34.80 137.68±12.036 0.004 

t1/2 (h) 6.573±0.37 8.888±0.864 0.004 

Ke (h-1) 0.105±0.007 0.078±0.008 0.004 

ClT (ml/h) 29.05±2.88 10.74±1.22 0.004 

MRT0-∞ (h) 8.88±0.75 16.25±0.949 0.004 
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Table 4.40: Comparative two-compartmental pharmacokinetics parameters of 

MCN oral solution and M54 tablets by non-parametric test 

Parameters 

Concentration (ng.ml-1) 

Mean ±SD 

Difference 

(Sig. p ˂0.05) 

MCN Solution 
M54 matrix 

tablets 

Mann-Whitney 

test (2-tailed) 

Tlag (h) 0.296±0.03 0.104±0.058 0.004 

A (ng/ml) 3146.9±1429.1 1846.36±468.76 0.337 

ka (h-1) 0.697±0.022 0.123±0.004 0.004 

α (h-1) 0.634±0.046 0.111±0.007 0.004 

Cmax (ng.ml-1) 136.34±9.58 116.52±8.24 0.006 

Tmax (h) 1.97±0.049 8.635±0.27 0.004 

AUC0-t (ng.h.ml-1) 956.42±97.98 2639.81±268.71 0.004 

AUC0-∞ (ng.h.ml-1) 1120.60±172.6 2705.16±287.15 0.004 

AUMC0-∞ (ng.h2.ml-1) 13040.2±4980.3 46226.3±6619.3 0.004 

t1/2ab (h) 0.994±0.03 5.63±0.16 0.004 

t1/2 α (h) 1.09±0.08 6.232±0.385 0.004 

Vd α (L)  0.092±0.007 0.099±0.007 0.229 

Vd β (L)  0.181±0.026 1.34E-6±9.28E-6 0.004 

B (ng/ml) 46.18±6.74 1388.30±273.20 0.004 

β (h-1) 0.063±0.011 0.112±0.006 0.004 

k10 (h-1) 0.292±0.04 0.112±0.006 0.004 

k12 (h-1) 0.269±0.016 1.51E-6±9.31E-6 0.004 

k21 (h-1) 0.136±0.02 0.112±0.006 0.025 

t1/2 β (h) 11.07±2.17 6.185±0.32 0.004 

ClT α (L.h-1)  0.027±0.004 0.011±0.001 0.004 

ClT β (L.h-1) 0.025±0.002 1.5E-7±9.38E-7 0.003 

MRT (h) 11.34±2.36 16.98±0.72 0.004 
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Figure 4.64: Comparative plasma level time curve of MCN oral solution and 

matrix M54 tablets. 

4.13.1. Relative bioavailability pharmacokinetics 

Relative bioavailability (percentage) was calculated using area total under the 

curve values of test (matrix M54 tablets) and the reference (solution) concentrations. 

The values in terms of percentage relative bioavailability are given in Table 4.41 that 

indicated massive difference (increase) in the percent relative bioavailability of matrix 

tablet formulation, i.e., 272.20±48.11%. The multifold higher AUC0-∞ for the matrix 

(2795.80±302.31 ng.h.ml-1) as compared to the solution (1027.12±99.2 ng.h.ml-1) 

demonstrated the maximum increment in the oral bioavailability of MCN when 

prepared and administered in terms of M54 tablet formulation. The means of the two 

administrations were compared using independent sample t-test and were found 

significantly dissimilar (2-tailed, P=0.000009). The application of independent sample 

Mann-Whitney U test signified that the distribution of AUC0-∞ (ng.h.ml-1) is 
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significantly different among the oral solution and matrix tablets with the found 

significance value of 0.002. 

Table 4.41: Percentage relative bioavailability of milnacipran HCl matrix tablets 

Animals 
AUC0-∞(ng.h.ml-1) AUC0-∞(ng.h.ml-1) %age relative 

bioavailability Oral solution M54 tablets 

Dog1 1027.62 2332.17 226.95 

Dog2 1179.47 2875.18 243.77 

Dog3 979.35 2612.95 266.80 

Dog4 879.55 3180 361.55 

Dog5 1071.06 2749.55 256.71 

Dog6 1025.64 3024.98 294.94 

Average 1027.12 2795.80 272.20 

Standard Deviation 99.2 302.31 48.11 

Standard Error 40.49 123.42 107.2 

 

4.14 In-vitro in-vivo correlation (IVIVC) 

The FDA guidelines for IVIVC describe that the prepared formulations should 

be evaluated to any of four levels of correlation in this order of supremacy, i.e., Level 

A ˃ level B ˃ level C ˃ multiple level C. IVIVC demonstrates the relationship observed 

amongst any one or multiple in-vitro dissolution parameters of the delivery system and 

in-vivo pharmacokinetic parameters. The existence of any relationship may describe in-

vivo equivalence of formulation based on its dissolution analysis alone, hence can be 

beneficial instead of relying on expensive animals or human based pharmacokinetic 

studies (Gonzalez and Smith, 2015). IVIVC may be a substitute for additional in-vivo 

studies, thus it reduces the regulatory burden. It can be employed for formulation 

optimization, justifies therapeutically required drug release specifications of dosage 
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forms, enables scale up post approval changes (SUPAC) and product line extensions. 

It also serves as justification for a biowaivers, and as the surrogate for bioequivalence 

(Mitra et al., 2015). 

To establish IVIVC, besides plasma level time curve and the pharmacokinetics 

parameters, the fraction absorbed and unabsorbed is also required to be calculated using 

the Wegner-Nelson method (Wagner, 1983, Hu et al., 2018). The Wagner-Nelson 

method also predicts the time necessary to absorb different percentages of drug 

absorbed, which includes mostly T10%, T50% and T90%, etc. Hence all of the above 

parameters were computed for establishing IVIVC. 

4.14.1 Fraction of MCN absorbed 

The Wagner-Nelson method opted for calculation of different parameters 

including fractions of drug absorbed and unabsorbed, time to absorb specific percentage 

of drug etc. that were compared with the in-vitro dissolution kinetics. The non-

compartmental analysis was applied using PK-Fit to estimate the elimination rate 

constant (Ke) values and are given in Table 4.42. The fractions absorbed and 

unabsorbed of milnacipran HCl after oral administration of 30 mg of oral dose in the 

form of M54 matrix tablet in all the experimental animals has been given in Table 4.43 

to Table 4.48.  

Table 4.42: The values of Ke used to compute the faction absorbed and unabsorbed 

of MCN after oral administration of 30 mg dose. 

Dogs 1 2 3 4 5 6 

Estimated Ke 0.0906 0.0695 0.0759 0.0752 0.087 0.0768 
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Table 4.43: Fractions absorbed and unabsorbed of MCN after oral administration 

of 30 mg of oral dose (M54) in Dog 1. 

Time (h) 
Concentrations 

(ng.ml-1) 

Fraction absorption 

(%age) 

Fraction unabsorbed 

(%age) 

0.50 14.27 8.13 91.87 

1.00 29.48 17.15 82.85 

2.00 47.26 28.98 71.02 

4.00 80.71 54.06 45.94 

6.00 95.94 71.45 28.55 

8.00 107.10 87.91 12.09 

12.0 104.17 100.00 0.00 

24.0 35.12 100.00 0.00 

48.0 3.99 100.00 0.00 

 

Table 4.44: Fractions absorbed and unabsorbed of MCN after oral administration 

of 30 mg of oral dose (M54) in Dog 2 

Time (h) 
Concentrations 

(ng.ml-1) 

Fraction absorption 

(%age) 

Fraction unabsorbed 

(%age) 

0.50 15.48  9.27 90.73 

1.00 33.21 20.21 79.79 

2.00 53.03 33.64 66.36 

4.00 85.83 58.63 41.37 

6.00 104.17 77.21 22.79 

8.00 117.31 94.00 6.00 

12.0 123.64 100.00 0.00 

24.0 43.64 100.00 0.00 

48.0 9.72 100.00 0.00 
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Table 4.45: Fractions absorbed and unabsorbed of MCN after oral administration 

of 30 mg of oral dose (M54) in Dog 3. 

Time (h) 
Concentrations 

(ng.ml-1) 

Fraction absorption 

(%age) 

Fraction unabsorbed 

(%age) 

0.50 14.90 9.01 90.99 

1.00 31.38 19.30 80.70 

2.00 50.27 32.34 67.66 

4.00 83.08 57.81 42.19 

6.00 101.23 76.87 23.13 

8.00 114.06 94.18  5.82 

12.0 116.36 100.00 0.00 

24.0 37.92 100.00 0.00 

48.0 7.25 100.00 0.00 

 

Table 4.46: Fractions absorbed and unabsorbed of MCN after oral administration 

of 30 mg of oral dose (M54) in Dog 4 

Time (h) 
Concentrations 

(ng.ml-1) 

Fraction absorption 

(%age) 

Fraction unabsorbed 

(%age) 

0.50 18.44 9.24 90.76 

1.00 38.10 19.44 80.56 

2.00 61.11 32.60 67.40 

4.00 90.91 52.88 47.12 

6.00 115.09 72.40 27.60 

8.00 131.08 89.37 10.63 

12.0 134.47 100.00 0.00 

24.0 52.44 100.00 0.00 

48.0 8.91 100.00 0.00 
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Table 4.47: Fractions absorbed and unabsorbed of MCN after oral administration 

of 30 mg of oral dose (M54) in Dog 5 

Time (h) 
Concentrations 

(ng.ml-1) 

Fraction absorption 

(%age) 

Fraction unabsorbed 

(%age) 

0.50 13.51 6.79 93.21 

1.00 31.43 16.08 83.92 

2.00 56.63 30.36 69.64 

4.00 84.62 50.17 49.83 

6.00 106.14 68.92 31.08 

8.00 121.31 86.11 13.89 

12.0 122.77 100.00 0.00 

24.0 43.37 100.00 0.00 

48.0 5.36 100.00 0.00 

 

Table 4.48: Fractions absorbed and unabsorbed of MCN after oral administration 

of 30 mg of oral dose (M54) in Dog 6. 

Time (h) 
Concentrations 

(ng.ml-1) 

Fraction absorption 

(%age) 

Fraction unabsorbed 

(%age) 

0.50 16.75 8.64 91.36 

1.00 35.23 18.51 81.49 

2.00 61.30 33.59 66.41 

4.00 85.24 51.41 48.59 

6.00 106.61 69.70 30.30 

8.00 124.18 87.57 12.43 

12.0 128.19 100.00 0.00 

24.0 50.79 100.00 0.00 

48.0 8.08 100.00 0.00 
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4.14.2 Time to absorb/release certain percent of MCN 

The time necessary to absorb different percentages of milnacipran after oral 

administration of matrix tablet in dog 1 to 6 has been given in Table 4.49. These 

computations were compared with the time required to dissolve certain percentages of 

MCN matrix tablet determined in-vitro and is demonstrated in Figure 4.69. During the 

optimization studies of the MCN M54 matrix tablets, the release profile was predicted 

to be compared to that of a reference release profile. The comparison of the desired 

targeted release profile with the optimized formulation release profile is given in Table 

4.50, and was also used to establish the comparative release/absorption pattern at the 

appropriate time points (Figure 4.72). The best kinetic profile generated by optimized 

formulation was Korsmeyer-Peppas model depending on its maximum correlation 

value. 

The different times to release certain drug concentration (T10%-T90%) calculated 

by Korsmeyer-Peppas model were compared with same times to absorb percentage 

MCN in-vivo calculated by Wegner-Nelson method at the same points (Table 4.51).  
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Table 4.49: Time necessary to absorb different percentages of milnacipran after 

M54 oral administration in dog 1 to 6. 

Animals 

Time to absorb dose (%age) 

10% of dose 

(T10%) 

50% of dose 

(T50%) 

90% of dose 

(T90%) 

Dog1 0.6039 3.6761 8.6919 

Dog2 0.5333 3.3091 7.5233 

Dog3 0.5483 3.3866 7.5172 

Dog4 0.5371 3.7160 8.2355 

Dog5 0.6727 3.9827 9.1199 

Dog6 0.5687 3.8416 8.7821 

Mean 0.577 3.652 8.312 

SD 0.053 0.260 0.675 

 

Table 4.50: In-vitro comparison of desired MCN release vs yielded release of M54 

tablets 

Time (h) 
%age MCN Released 

Actual Targeted (Rv) 

0.5 7.35 15 

1 16.22 22 

2 27.19 30 

3 39.56 38 

4 50.53 45 

6 66.64 55 

8 81.81 70 

10 94.41 85 

12 102.58 102 
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The level A correlation is considered the highest level of correlation so a 

formulation being optimized for certain parameters in-vitro by applying experimental 

designs should achieve this highest level of correlation.  

4.14.3 Point to point comparison 

The point to point correlation of the dissolution rate profile generated after 12 h 

of the in-vitro study with the plasma drug concentration (Figure 4.65), % release with 

percentage drug absorbed in-vivo at the same points represents level A correlation. The 

fraction of drug absorbed determined by Wagner-Nelson method, using elimination rate 

constant computed by non-compartmental analysis were compared with the percentage 

of drug released after dissolution at same time points, to construct the overlaying curve 

at various time intervals as shown in Figures 4.66 and 4.67. A comparative plot of all 

the above parameters versus time is given in Figure 4.68. 

 

Figure 4.65: MCN in-vitro release and blood plasma concentration comparative 

curve 
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Figure 4.66: Percent MCN dissolved and fraction of drug absorbed comparison 

 

 

Figure 4.67: Fraction of MCN unreleased and fraction of MCN unabsorbed at 

various times 
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Figure 4.68: Comprehensive comparison of parameters based on dissolution time 

and plasma concentrations. 

 

Similarly, the point to point comparison of percent released and percent 

absorbed against different time points, given in Figure 4.69, generated comparable 

profiles, the percent absorbed were shown to be higher than the percent release at 3 to 

8 hr. The percent absorbed was compared with percent target release given by USP for 

modified release formulation (Macha et al., 2009). The percent absorbed drug was 

higher than the both, the percent release observed and targeted release (Figure 4.70). A 

comparable profile was obtained for the predicted time for different percentages of drug 

dissolved to that of the time for different percentages of drug absorbed (Figure 4.71). 
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Figure 4.69: MCN M54 tablets dissolved in-vitro and absorbed in-vivo at specified 

time intervals 

 

 

Figure 4.70: Comparison of set targeted release and MCN (M54) tablets dissolved 

in-vitro and absorbed in-vivo at specified time intervals 
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Figure 4.71: Predicted percentage of MCN released or absorbed at different time 

points 

4.14.4 Correlation of in-vitro release parameters with in-vivo 

pharmacokinetic parameters 

Figure 4.72 shows that the percent release of MCN from M54 correlated with 

the plasma concentration at different time (R2=0.953). The correlation of percent drug 

release and the total area under the curve (AUC0-∞) is given in Figure 4.73. Percent drug 

release was correlated with the percent drug absorbed (R2=0.992) (Figure 4.74). The 

comparison was made between the percentage of drug unreleased in-vitro and fraction 

of drug unabsorbed in-vivo and was maximally correlated with calculated R² = 0.9949 

(Figure 4.75). The data for the predicted times to release 10%, 25%, 50%, 75%, 80% 

and 90% release and that of the corresponding times for percent absorption is given in 

Table 4.51. Higher R2 values, i.e., 0.9998 was found when the above parameters were 

correlated (Figure 4.76).  
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Table 4.51: Predicted percentage of MCN to be released or absorbed at specified 

time progression by Korsmeyer-Peppas and Wagner-Nelson methods 

% drug 

released/absorbed 

at time points 

Predicted time for MCN (h) 

% release  

(Korsmeyer-Peppas Model) 

% absorption 

(Wegner-Nelson method) 

T10% 0.649 0.575 

T25% 1.596 1.486 

T50% 4.193 3.626 

T75% 7.377 6.241 

T80% 8.072 6.847 

T90% 9.511 8.056 

 

 

Figure 4.72: Percentage MCN released from M54 and plasma concentration 

(ng/ml) 

 

y = 1.2488x + 11.884
R² = 0.9503

0

30

60

90

120

150

0 20 40 60 80 100 120

Pl
as

m
a 

co
nc

en
tr

at
io

n 
(n

g/
m

l)

% Released

202 
 



 

 

Figure 4.73: Comparative percent drug released and the area under the curve 

(AUC) 

 

Figure 4.74: Comparison of MCN M54 tablets in-vitro percent dissolved and in-

vivo percent absorbed  
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Figure 4.75: Comparative fraction of drug unreleased in-vitro and fraction of drug 

unabsorbed in-vivo. 

 

 

Figure 4.76: Calibration curve for predicted percentage MCN absorbed and 

released at specified time intervals 
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The above findings showed accomplishment of level A correlation for M54 

matrix tablets. Level A correlation is considered the highest and the most preferred level 

correlation (Emami, 2006) because it compares and relate the in-vitro dissolution 

profile points directly with the in-vivo bioavailability data points. Thus, for a 

formulation being optimized for certain parameters in-vitro by applying experimental 

designs should achieve this highest level of correlation. Level A allows biowavier for 

small differences in quality of raw materials and manufacturing facilities (Sakore and 

Chakraborty, 2011). The biowavier approach applications can help in determining the 

in-vivo pharmacokinetics from the in-vitro dissolution analysis using convolution 

technique that could be used for establishment of IVIVC. If correlation can be 

established in such a way then in-vivo kinetics can be predicted easily by designing 

different formulations with varying formulation factors and testing their in-vitro 

dissolution profiles. This would certainly help further in designing bioequivalence 

studies among different formulations and additionally lead to SUPAC for new drug 

development process (Cai et al., 2016).  

Milnacipran HCl is not yet accommodated in any compendia for citing reference 

of its BCS class but a study has suggested that it belongs to Class I (highly soluble and 

highly permeable) of the BCS classification system (Parejiya et al., 2013a). BCS 

describe the drug in terms of solubility and membrane permeability of drug under study. 

According to literature available on MCN, it dissolves easily in 250 ml of aqueous 

media (pH 2-8) in 100 mg concentration and it has 85% of oral absolute bioavailability 

indicating its higher permeability to biological membranes (Parejiya et al., 2013b). 

Thus, F was considered as 0.85 for the calculation of fraction absorbed/unabsorbed 

using Wegner-Nelson method. In case of Class I drugs, the major limiting factors of 

205 
 



 

non-correlation among plasma and dissolution data are limited permeability of the 

therapeutic substances in biological membranes and gastric emptying of drug before it 

is properly absorbed from GIT, which ultimately become the potential rate limiting 

steps in drug absorption for sustained/controlled DDSs (Lu et al., 2011). For BCS Class 

I and Class II drugs, when presented as the extended-release dosage forms, and have 

permeability that is site independent or localized to site of permeation, IVIVC (e.g., 

level A) may be expected (Nainar et al., 2012). Gastric emptying rate normally effect 

the establishment of BCS Class I drugs and require the controlled dissolution rate 

normally lower than emptying rates, whereas BCS Class II drugs can accommodate 

IVIVC if permeation is independent and dissolution rate don’t exceed the absorption 

rates (Souliman et al., 2006). 

The stated delivery system in current research is gastroretentive mucoadhesive 

DDS overcoming the problem of early gastric emptying as it remains intact in the 

stomach for 12 hour of study continuously releasing the controlled amount of drug that 

reaches the cite of absorption throughout the release time course. As evident from above 

discussion that MCN has high permeability and solubility, BCS Class I characteristics 

and was administered as a sustained/controlled release thus restricted to stomach 

(before absorption site, mucoadhesive) so it achieved the highest level of correlation 

(Level A). 

Dogs are mostly used animals for the many types of drugs to establish the in-

vivo parameters and correlation data estimation. The similarity with humans in GIT 

anatomy and behavior of drug absorption had made dog a suitable animal for 

pharmacokinetic evaluation. The bioavailability studies performed on canine model are 

also considered equivalent/comparable to human studies (Dressman, 1986). The short 
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intestinal physiology (transit time) of the canine can be potential hazard in establishing 

proper relation of oral in-vivo data obtained due to reduced gastric emptying time and 

less drug absorption. The best feature is the stomach of canine which is similar to 

humans at fasted state in terms of gastric pH, motility and gastric emptying of solids as 

well as liquids (Davies and Morris, 1993). Therefore it can be a good alternative to 

humans for stomach localized sustained delivery systems (mucoadhesive M54 matrix 

tablets) administration for estimation of pharmacokinetic parameters and establishing 

IVIVC. M54 mucoadhesive tablets administered to six dogs in the current studies 

depicted a higher level of correlation that could be referred as Level A IVIVC as 

explained in the Figure 4.76.  
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Chapter 5 CONCLUSION 

Modified hot melt granulation technique employing novel molten polyester, PCL and 

solution of two grades of chitosan (of low molecular, CHLM, and higher molecular, 

CHMM) blended with solid drug and diluents successfully developed gastro-retentive 

swellable matrix tablets of acetaminophen (ACP). Majority of the tablets remained 

buoyant for the whole period of the study as the tablets lost their density due to swelling 

within half an hour to become less dense than the buffer media. The swelling rate and 

degree was found to release the drug initially and steady erosion of the matrix latterly. 

Korsmeyer-Peppas model best described the release kinetics, representing anomalous 

release of drug from matrices. Release from matrix tablets also followed Higuchi model 

to indicate diffusion controlled release mechanism that mimicked zero order drug 

release. The PCL proved to be retarding swelling polymer while CH facilitated 

relaxation and swelling of blends. No significant interactions were found among the 

blends evaluated by FTIR. The gastro-retentive sustained release acetaminophen matrix 

tablets of both grades of chitosan and PCL remained floating depicted sustained release 

ability in gastric mucosa for promising oral drug delivery devices. 

The hot melt granulation technique showed flaw when applied to milnacipran 

(MCN), thus new wet granulation technique was opted to prepare ACP (preliminary 

study) and then MCN (secondary study) swellable matrix tablets employing two 

different solvents, i.e., DCM and chloroform with different blends of three polymers 

(CHLM, CHMM, and PCL). The swelling index of chitosan blends were higher than 

PCL blends with swelling decreased as PCL increased in blends. CH-PCL blends 

attained swelling equilibrium in 6 h. Mucoadhesive strength and the mucoadhesion time 
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were appropriate. The ACP/MCN matrix tablets of both grades of chitosan and PCL 

showed good adhesion. 

The UV-spectrophotometric analysis of MCN at 220 nm showed marked 

variation thus, a simple, precise, sensitive and accurate colorimetric method for the 

estimation of MCN in raw and swellable matrix tablets was developed. The ninhydrin 

treated MCN produced Ruhemman’s Purple complex that showed absorbance 

maximum at much higher wavelength than originally reported for alone MCN, i.e., at 

570 nm. The method was linear for wider range of concentrations, precise and sensitive. 

The method was found applicable to determine MCN in raw material and swellable 

matrix. The in-vitro release study was carried out using the above method. 

The release of ACP/MCN showed gastro-retentive sustained release which 

followed Higuchi diffusional drug release mimicking concentration independent 

release and also described by Korsmeyer-Peppas model with n values falling in 

anomalous release pattern mainly dependent on diffusion from matrices. Only physical 

interaction but none of the compatibility or chemical interaction issues were revealed 

in FTIR and DSC studies.  

Design of Experiment approach help establishing cause and effect relationship 

in ACP optimization which was used as template to optimize MCN formulations. Four 

formulations (M21 to M24) using DX®-suggested quantities of three polymers, with each 

of solvents, separately which were scaled up to hold double amounts of drug and that 

of the polymers (M41-M44) and scaled down to contain 30 mg of drug with same but 

optimized amounts of polymers 200 mg (M51-M54). The mucoadhesive ability, in-vitro 

drug release kinetics, similarity index, release parameters and compatibility were 

according the desirability.  
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In-vitro percentage release was best fitted to Korsmeyer-Peppas model showing 

diffusion controlled release that obeys anomalous release pattern from the matrices. 

The M24, prepared by blending chitosans with PCL using chloroform were similar to 

the desired targeted release stipulated by USP for controlled release as computed 

through dissimilarity and similarity factors. Furthermore, no incompatibility and 

chemical interaction were found by FTIR and DSC.  

The MCN formulation, M54 scaled down to have 30 mg of drug according to 

the average weight of animals (15 kg) was prepared for pharmacokinetics study using 

optimized amounts of ingredients and was found similar in characterization to 

optimized M24 such as the time for certain percentage of drug released (T10%-T90%). M54 

matrix tablets in pharmacokinetics study using dogs followed two compartmental 

model. Non-compartmental analysis suited better to the data based on lesser AIC and 

maximum regression correlation.  

All the pharmacokinetic parameters of M54 were increased significantly 

indicating better absorption, distribution and elimination parameters. A massive 

increase in percent relative bioavailability of matrix as comapred to solution 

demonstrated the maximum increment in the oral bioavailability of MCN. Level A 

correlation was established by comparing percentage of drug released in-vitro against 

percentage of drug absorbed in-vivo and predicted time to absorb percentage of drug 

in-vivo against time to release percentage of drug in-vitro (R2=0.9998). Hence, the Null 

hypothesis, that MCN could not be developed as mucoadhesive GRDDS restricted 

before absorption site was rejected to accept the alternative hypothesis.  
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RECOMMENDATIONS/FUTURE PERSPECTIVES 

The GRDDS are restricted to stomach and mucoadhesive systems get attached 

to the stomach mucosa and remained there for the whole course of study. In this study 

only in-vitro mucoadhesion analysis was performed to support the system but a further 

study can be planned to investigate in-vivo mucoadhesion time and safety of MCN 

attached to mucosa for longer time periods. This research has presented the polymeric 

blends suitable for the hydrophilic drugs to be accessible as sustained/controlled release 

systems, this can be extended further, to similar drugs for application and also to some 

less permeable drugs. Some new solvents can be also tested along with the remaining 

contents of solvents in the system to be tested. In-vivo pharmacokinetic analysis was 

performed on the canine that can be replaced with human to properly estimate the 

pharmacokinetic parameters of formulation and log D value can also be estimated.  

IVIVC was established by point to point comparison and correlating in-vitro 

release characteristics and in-vivo pharmacokinetic parameters. The current study was 

strategized on the basis of deconvolution technique so a further study can be planned 

to establish convolution method for predicting the in-vivo parameters directly from the 

in-vitro dissolution release parameters. A prediction error can also be calculated to find 

the acceptability of pharmacokinetic parameters predicted. This can further lead to 

preparation of said formulation at the 1/10th of commercial scale level to estimate the 

release parameters at larger scale. These can be used to predict the in-vivo parameters 

and compared with the in-vivo parameters estimated by deconvolution method. This 

will certainly lead to Scale Up & Post Approval Changes (SUPAC) for new drug 

development process and registration with the drug registration and licensing board of 

Pakistan.  
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