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Chapter 1 I ntroduction

1. INTRODUCTION

Oral dosage forms can be grouped as solid, liggedyi solid and gaseous
dosage forms. The solid dosage forms are availatastly in unit dosage forms
(consisting of doses which are taken by numbersh ag tablets, capsules, lozenges
etc’. When drugs are administered orally in dry statblets and capsules are most
convenient dosage forfiTablets may be defined as solid pharmaceutical giosa
forms containing drug substance with or withouttahle diluents and prepared
either by compression or molding proces&or all practical purposes only
compression tablets are almost universally usedewhbplded tablets being a rare

commodity. Drugs are more frequently taken by adahinistratiofl.

Although a few drugs taken orally are intendedbéodissolved within the
mouth, vast majority of drugs taken orally are $awaéd> Compared with alternate
routes, the oral route of drug administration ig tmost popular and has been
successfully used for the conventional deliverydofig® It is considered most
natural, uncomplicated, convenient, safe meansiwiisistering drugé.Some of it's
advantages are greater flexibility in dosage desigse of production, low cost &tc.
Some of the undesirable effects of conventionatl stdsage forms can be overcome
by the use of immediate release tableidany patients find it difficult to swallow
tablets and hard gelatin capsules and thus do eraply with prescription which
result in high incidence of noncompliance and ieetive the therapy. Other
disadvantages related to conventional oral solidage forms are chocking, low
bioavailability especially drugs which undergo fiass effect (eg. Nitroglycerin)

delayed absorption eté.
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Recent advances in Immediate Release Drug Deli&&rstems aim to
enhance the safety and efficacy of drug moleculefdsynulating a convenient
dosage form for administration and to achieve bettgient complianc&' (Nearly
35-50% of general population, especially elderlg ahildren suffer from dysphagia
or difficulty in swallowing ,which results in higimcidence of non-compliance and
ineffective their Swallowing problems are very coommin young individuals
because of their poorly developed muscular andawsnsystent$. Other groups
who may experience the problems in swallowing catieeal dosage forms are the
patients with tremor of extremities, mentally dlevelopmentally disabled, non co-
operative and patients with reduced liquid intakgatients suffering from nausea,
as well as patients travelling or who do not haasyeaccess to water. The
swallowing problems are also common in some caselh 8&s motion sickness,
sudden episodes of allergic attack or coughing duel to the lack of water. To
overcome these problems scientist have developedhraovative drug delivery
system known as immediate release tablets Thestharaovel solid oral dosage
forms which dissolves rapidly in saliva without deer drinking water .The tablet
disintegrates disintegrates instantaneously oredéspin saliva then swallowed and
absorbed in normal way. Some drugs are absorbed frmuth, pharynx and
oesophagus as the saliva passes down in to stoamatlproduce rapid on set of
action. (.In such cases bioavailability of drugsignificantly greater than those
observed from conventional tablet dosage fdfmisnmediate release tablets with
good taste and flavor increase the acceptabilitgitbér drugs by various groups of

populatiort”.
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Immediate release Tablets are also known as fasttelgrating Tablet, melt
in mouth tablet, rapimet, porous tablet, immediatdease tablet, Rapidly
Disintegrating Tablet, orally disintegrating tablgqtiick disintegrating tablet, mouth
dissolving tablet, fast disintegrating tabfefUnited States Pharmacopoeia (USP)
approved the dosage forms as immediate releasettaBecently, European
Pharmacopoeia has used the term immediate relabtss for tablet that disperses
readily and within 3 minutes in mouth before swailg. . The disintegration time

of ODTs generally ranges from several seconds ¢oitedo minuté®.

United States Food and Drug Administration (FDAYimed ODT as “A
solid dosage form containing medicinal substanceadtive ingredient which
disintegrates rapidly usually with a matter of se® when placed up on the
tongué’. The US Food and Drug Administration centre fou@iEvaluation and
Research (CDER) defines in the Orange Book an O®TAasolid dosage form
containing medicinal substances, which disintegraapidly, usually within a matter
of seconds when placed upon the tongue”. The Earopdarmacopoeia defines the
immediate release, as a tablet that can be placekei mouth where it disperses

rapidly, before swallowing.

Immediate release tablets are most widely usedgdoform because of it's
convenience in terms of self administration, conipegs and ease in manufacturing.
(IRTS rapidly gaining acceptance as an important deug technolog¥. These
dosage forms dissolve or disintegrate in oral gawithin a minute even without the

need of water or chewing.
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SIGNIFICANCE OF IMMEDIATE RELEASE TABLETS 202

They provide good stability, accurate dosing, eamgnufacturing small

packaging size and easy to handle by patients.

* No risk of obstruction of dosage form, which is bgcial for travelling patients

who do not have access to water.

« Easy to administer for pediatric, geriatric and titndonalized patients

(especially for mentally retarded and psychiatatignts)

* Rapid disintegration of the tablet results in quitésolution and rapid absorption

which provide rapid onset of actiéh.

1.1 DESIRED CRITERIA FOR IMMEDIATE RELEASE DRUG DEL IVERY

SYSTEM?24

Requires no water for oral administration

* Be compatible with taste masking agent

* Be portable without fragility concern.

» Have a pleasing mouth feel.

» Leave minimal or no residue in the mouth after adthinistration.

* Exhibit low sensitivity to environmental conditionike humidity and
temperature.

» Allow high drug loading.

1.2 IMMEDIATE RELEASE TABLETS
1.2.1 Definitior?®

Immediate release tablets are designed to disaiegand release their
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medication in absence of any special rate-cont@lfeatures as special coating and

others techniques.
1.2.2 Advantages of Inmediate Release Tablets®”?;

1. Large scale manufacturing is feasible in comparismrother dosage forms,

therefore economy can be achieved.
2. Accuracy of dosage is maintained since tabletsslia unit dosage form.
3. Longer expiry period and microbial spillage owingdwer moisture content.
4. Easy of packaging(blister or strip)and easy hagdbiver liquid a form.
5. Easy to transport in bulk. Emergency supplies @nasried by patierfts

6. Product identification is easy and marking donehwihe help of grooved

punched and printing with edible ink,
1.2.3 Disadvantages of Inmediate Release Tabl&3';
1. It is difficult to convert a high dose poorly comegsible API into tablet of
multiple size for human ude
2. Difficult to formulate a drug with poor wettabilitglow dissolution in to tablet.
3. Slow onset of action as compared to parenteralsidiorals are capsules.
4. Difficult to swallow for kids, terminally ill and griatric patients.

5. Patients undergoing radiotherapy cannot swallovetab
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1.3 FACTORS AFFECTING THE DRUG RELEASE: 3

1.Physiochemical properties of drug and

2.Dosage form factors

The various physiochemical properties of drug #f&ect drug dissolution
and its rate are - solubility, partical size, pobnphism, salt form, pseudo-

polymorphism, complexation, wettability etc.

Dosage form factors include manufacturing processl axcipients

incorporated in thert!

Several manufacturing process infilence drug diggmt form. processes of

such importance in manufacturing of tablets are;

1. Method of granulation

2. Compression force.

The excipients such as binders, lubricants, dignatgs, etc influence the

drug dissolutiofr.

The techniques used in the preparation of immede&dase tablets are
1.4 CONVENTIONAL TECHNIQUES: 363738
1. Tablet molding:

In this method, the delivery system is preparethaaform of tablets using
water soluble additives to allow the tablet to digs rapidly and completely in

mouth. All the ingredients of the formulation arasped through fine mesh, dry
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blended, wetted with a hydro-alcoholic solvent dheh compressed into tablets

using low compression forces. The solvent is tleenaved by air drying.
2. Freezing drying (lyophilization).

Lyophilization is a pharmaceutical manufacturieghinology, which allows
drying of heat-sensitive drugs and biologicalsoat temperatures under conditions
that allow removal of water by sublimation. Lyophdtion results in preparations,
which are highly porous, with a very high specisigrface area, which dissolve

rapidly and show improved absorption and bioavaits5®.
3. Spray drying:

Spray drying is a process by which highly porofiise powders can be
produced. The composition contains a bulking ademdnnitol and lactose), a
disintegrant (sodium starch glycolate and croschos® sodium), an acidic
ingredient (citric acid) and/ or alkaline ingredier(sodium bicarbonate), which

when compressed into tablets show fast disintemrathd enhanced dissolut{n
4. Sublimation:

This method includes the addition of a subliméetsatihe tableting components,
compressing the blend and removing the salt bytbeess of sublimation. The active
ingredient, a diluent, a sublime salt (camphor/ amom bicarbonate), a binder and

other excipients are blended and tablets are mépar
5. Addition of disintegrants:

Addition of disintegrants in fast dissolving taisle leads to quik
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disintegration of tablets and hence improves diggni. Microcrystalline cellulose,
cross-linked carboxy methyl cellulose sodium, cilagsed polyvinyl pyrrolidone
and partially substituted hydroxy propyl cellulosdsorb water and swell due to
capillary action and are considered as effectintegrants in the preparation of

fast dissolving tablet&
6. Sugar based excipient

Sorbitol, mannitol, dextrose, xylitol, fructose,altose and polydextrose
have been used as bulking agents. Because of Higkiraqueous solubility and
sweetness, which impart a pleasing mouth feel ayadl gaste masking, nearly all

formulations for rapidly dissolving tablets containgar-based materiés
7.Mass Extrusion

This technology involves softening the active dlemsing the solvent,
mixture of water soluble polyethylene glycol usingethanol and expulsion of
softened mass through the extruder or syringe taggy/linder of the product and

cutting into even segments upon heated blade o fablets.
1.5 OTHER METHODS*

Other methods includes dry granulation, wet grathmh and direct
compression methods. The important component usethese methods is super

disintegrant.
1.5.1 Dry Granulation

In this technique there is no use of liquids. Tpmcess involves the
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formation of slugs. Then slugs are screened orethitb produce granules. The

granules formed are then compressed to form tablets
1.5.2 Wet Granulation

The process involves addition of liquid to a powtiea vessel equipped with
any type of agitation that will produce agglomeoatior granules. These granules
after drying are compressed to form tablets. Thethod have more operational
manipulations and is more time consuming than othethods. This method is not
suitable for drugs which as thermo labile or hygsable by presence of water in the

liquid binder.
1.5.3 Direct Compression

The method involves direct compression of powdé&nds of active
ingredient and suitable excipients, which will flamiformly in the die cavity and
forms a firm compaéf. Direct compression methods are very popular kseau

reduces the number of steps involved and the naggegquired.
1.6 SUPER DISINTEGRANTS

Disintegrants have a major in the disintegratiod dissolution process of
orodispersible tablets made by direct compresSioithe choice of a suitable type
and optimal amount of disintegrant is importantdasuring high disintegration rate.
The addition of other formulation components sushweater soluble excipient or

effervescent agents further enhance dissolutiafisimtegration propertiéS.

The understanding of disintegrant properties amd tffect on formulation

has advanced significantly during last few yearsacfically regarding
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superdisintegrants.

Addition of super disintegrants in ODTs leads tdchudisintegration of
tablets and hence improves dissolution. Microctiysta cellulose, crosslinked
carboxy methyl cellulose sodium, crosslinked Palylipyrrolidone and partially
substituted hydroxy propyl cellulose etc absorbewand swell due to capillary
action and are considered as effective disintegramtthe preparation of fast

dissolving tablef®.

Table No-1 : List of Superdisintegrants®

Superdisintegrants

Synthetic super disintegrants Example Mechanism of action
Croscarmellose® Cross linked Swelling and wicking
Cellulose
Crospovidone Cross linked PVP very “ttl? swelllng, act
by capillary action.
Sodium starch glycolate Cross linked starch Swellin
Alginic acid NF Cross Ilnk_ed Alginic | Rapid swell_lng ,wicking
acid action
Natural super disintegrants
Soy poly saccharides - -
Calcium silicate (20 — 40 % Wicking action

1.7 TECHNIQUES FOR SOLUBILITY ENHANCEMENT %95

There are various techniques available to imprinee Solubility of poorly

soluble drugs. Some of the approaches to impravsdhubility are:
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1.7.1 Physical Modifications

A. Particle size reduction
a. Micronization
b. Nanosuspension

B. Modification of the crystal habit
a. Polymorphs
b. Pseudopolymorphs

C. Drug dispersion in carriers
a. Eutectic mixtures
b. Solid dispersions
c. Solid solutions

D. Complexation
a. Use of complexing agents
E. Solubilization by surfactants:
a. Microemulsions

b. Self microemulsifying drug delivery systems

1.7.2. Chemical Modifications
Solid Dispersion Technology

The term solid dispersion refers to the dispersabrone or more active
ingredients in an inert carrier or matrix at sofithte, prepared by the melting,
solvent, fusion method, hot melt extrusion or saptcal fluid methods. The term
co-precipitate has also been frequently used wiodéid dispersion is prepared by
solvent method. During the past four decades, tiid gispersion technology was
used to increase the dissolution rate and biodwuhila of poorly water soluble

drugg®. Some other techniques like salt formation, sdizdtion and particle size
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reduction have been employed to increase dissaluate and bioavailability but

there are some practical limitations.

In 1961, Sekiguchi and Obi developed a solid dsipermethod to increase
bioavailability of poorly soluble drugs. This methmvolves formation of eutectic
mixture of drug with water-soluble carriers by nradt of their physical mixture.
When the dispersion comes in contact with aquedwsd, fthe carrier starts to
dissolve followed by the release of drug in veneficolloidal particle form because
of the formation of particles having the greatlyhanced surface area, the
dissolution rate and solubility increases. ExampBass-PEG [Novartis] Nabilone in
Povidone solid dispersion [Cesamet, Lilly] Howevegently sustained release solid
dispersions are developed using certain type oémiasoluble carriers and water
swellable carriers like, Methocel, Ethocel, Poly@@arbopol, Klucel, Cellulose
acetate phthalate, carboxymethyl cellulose. Thig@gch consume less polymer in
order to control the drug release rate, compared physical mixture of drug and
polymer. The solid dispersion can be prepared Bjofumethod, melting method,

Solvent method, Hot melt extrusion and supercitificéd method.

a. Fusion method:

The fusion method is sometime referred to as thiémgemethod only if the
starting material is crystalline. In this methdlde tcarrier is heated to a temperature
just above its melting point and the drug is incogbed in to the matrix. The
mixture is cooled with constant stirring in orderdbtain homogeneously disperse
matrix. The first dispersion of sulfathiazole andeai was prepared by fusion
method, by melting at the eutectic composition dwkd by cooling step. The

eutectic composition was choosen to obtain simatias crystallization of drug and
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matrix during cooling. Polymers like Polyethylendyapls and Poly (vinyl

pyrollidone) PVP are mostly used in this method.

Limitations:

» This method is suitable if the drug and polymer@mmpatible and can be mixed
homogeneously at the heating temperature in oaerdvent formation of two
incompatible liquid phases or a suspension in ldeatixture. This problem can

be overcome by using surfactants.

» Sometime may be a problem during cooling stage wtien drug-matrix
miscibility changes which may produce phase sejparatThis problem is
observed when cooling is done at slow rate, reguitn formation of crystalline
drug. This problem can be overcome by implemenfagjer cooling rate in

order to form amorphous solid dispersion.

» This method is not suitable if the carrier is higleiing solid and the drug is

heat sensitive.

b. Hot melt extrusion method:

This method is same as fusion method except taintensive mixing is
induced by the extruder. The twin-screw extrudesingle-screw extruder is used in
this method. This method offers the potential tapghthe heated mixture in to
implants, implants inserts, oral dosage forms. Tedigt the solid-state solubility
and to select matrix suitable for melt extrusiohe tsolubility parameters are
investigated. High shear forces resulting in higimperature in extruder may create
a problem for heat sensitive materials. The maiwaathge is the handling of

product is easier because at the outlet of theiéetrthe shape can be adapted to the
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next processing step without grinding. The polymiges Hydroxypropyl cellulose,

Hydroxypropyl cellulose phthalate, Eudragit, Calkg¢ acetate phthalate (CAP),
Poly vinyl alcohol (PVA), and Hydroxypropyl cellide (HPC) can be used. Leing
Wang, et al., have prepared solid dispersion afeldipine with silica particles using

the melt mixing method
c. Solvent method:

In this method, the carrier and the active ingnetdi@re dissolved in suitable
organic solvent. The second step involves the ranaivsolvent(s) under vaccume
(sometime heat may be applicable with vaccume). Whhe solvent evaporates,
super saturation may occur followed by simultanequecipitation of the
constituents resulting in a solid residue. Durirgnfulation, the formulation

scientist has to face two challenges;

> ltis difficult to mix drug and polymer in one stilon having different polarity.
> ltis difficult to prevent phase separation duriegioval of solvent(s).

» The recovery of solvent from coprecipitate takesykr time
Example®:

Ethanol: -5°C and reduced pressure followed byndyyor 12 h in vacuum
Methanol/Chloroform: 115°C for 1 hour or 125°C % min from Griseofulvin-
PEG 6000 dispersion. Drying at high temperaturedpeip the drying process and
reduces the time available for phase separatiorth®wother hand, high temperature
speeds up the phase separation (example: cryataihy because of the increase in

the mobility of drug and polymer.
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Sometime solvent evaporation could be increaseasbyg rotary evaporator
followed by storing the residue in a vaccum degarcdao remove the residual
solvent. Sometime vaccum drying at elevated tentperamay cause phase
separation because the mobility of drug and mategreases slowly. The freeze
drying method can be used to evaporate the sohemte the solvent should have

high melting point and high vapor pressure.

For example: Dimethyl sulfoxide (DMSO) has high timg point (190" C)
but it has very low vapor pressure (0.08 kPa) hammesuitable solvent, but 2-
methyl-2- propanol or tertiary butanol (TBA) is ®&lile solvent because it has high

melting point (125° C) and vapor pressure (5.49kPa

Advantages:
» Minimal thermal stress during preparation.

» Reduction in chances of phase separation.
d. Supercritical fluid method:>*

In this method carbon dioxide is used either agesulfor drug and polymer
or as an anti-solvent. When carbon dioxide is @=ed solvent, the solution mixture
of carbon dioxide with drug and polymer is spraydough nozzle into an
expansion vessel with lower pressure and resuitirigrmation of particles. As this
technique does not involve use of any organic swiermed as "Solvent free
technique” and also known as Rapid Expansion oéRuitical Solution (RES). The
application of this technique is very limited besaunost of the pharmaceutical
compounds have very low solubility in carbon diaxigolution (less than 0.01 %

wt).
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Advantages of Solid Dispersion Technology:

v Single formulation can be used for multiple dosenfalation

v" Improves bioavailability of drug

v' Improves dissolution of poorly water soluble drugs

v' Controlled release formulations can be formulatediidal use of excipients
v Less expensive machines needed during formulation

v" Low cost and profitable production

Breakthrough in Solid Dispersion Technology:

Recently, the primary goal of pharmaceutical indust to discover a new
chemical entity that would be safe and effectivetidlly, because of the limited
bulk drug supply and accelerated time line woult altow formulator to formulate
solid dispersion formulations. Even though, theoletwo recent breakthroughs in
the formulation of solid dispersion technology hagaewed the interest for use in

commercial development of drug product.

The development of technology to fill solid dispers directly into hard
gelation capsules. For example: Chatham preparés-ifSed solid dispersion by
filling drug-PEG melts in hard gelatin capsuleddaled by solidification at room
temperature. The availability of surface-active aseff-emulsifying carriers For

example: Gelucire 44/14, Polysorbate 80.

Law et al. demonstrated that by incorporating nifedipinehwREG based
solid dispersion and 5%(w/w) phosphodityl cholinaymncrease dissolution rate

more than two folds.
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The availability of surface-active and self-emuylgify agent may help to

increase bioavailability of the drug.

v' For example: The bioavailability of ritronavir (sbility<Imcg/ml at pH.2)

[Norvir®, Abbot Lab] was enhanced by incorporatimispersion into

mixture of surfaceactive carriers as Gelucire 50/B8lysorbate 80, and

Polyoxyl 35 castoroil.

Table No 2: Commercially immediate release Tablets

Technologies Trade Name Active Ingredient Manufactrer
Feldene Fast Piroxicam Pfizer, USA
Melt
Claritin Red .- Schering plough,
i Tab Loratidine USA
Maxalt MLT Rizatriptan Merck, USA
| Z Olanzepine Eli Lilly, USA
Freeze Drying Yprexia
Pepcid RPD Famotidine Merck, USA
Zofran ODT Ondansetron Glaxo, UK
Zooming ZMT Zolmitriptan AstraZeneca, USA
Zelapar TM Selegilline Amarin,UK
Tempra . .
Quicklets Acetaminophen Bristol Myers, USA
Febrectol Paracetamol Prographarma,
France
Disintegrant | Nimulid MDT Nimesulide Panafeo?. Biotech,
Addition ndia
Torrox MT Rofecoxib Torrent pharma,
India
Olanex Instab Olanzapine Ranbaxy, Indig

Romilast Montelukast Ranbaxy, India
Sugar Based Benadryl Diphenhydramine| WarnerLambert,
Excipient Fastmelt & Pseudoephedring USA
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Cardiovascular diseases are one of the life thmeajediseases of mankind
and hypertension is the most common cardiovascdisease, which requires
constant monitoring. It is well known that hyped&m is a major factor for

congestive cardiac failure and coronary arteryatis®

Hypertension or high blood pressure is a conditionwhich the blood
pressure in the arteries is chronically elevatedthVévery heart beat, the heart
pumps blood through the arteries to the rest obtiay. Blood pressure is the force
of blood that is pushing up against the walls @f hood vessels. If the pressure is
too high, the heart has to work harder to pump,targdcould lead to organ damage
and several illnesses such as heart attack, sthaaat failure, aneurysm, or renal

failure.

The current definition (WHO,2004) of hypertensisrevel of systolic blood
pressure of 140 mm Hg or above, a level of diastptessure of 90 mm Hg or
above, by repeated measurement over periods ofadeveeks. It may be systolic or
diastolic, diastolic hypertension when diastolic iBRound to be 90 mm Hg or more

on two consecutive visits.
1.8.1 Classification of hypertensior’®

Hypertension is classified as either primary (e8af hypertension or
secondary hypertension. About 90-95% of cases ategorized as “primary

hypertension” which means high blood pressure witlobvious medical cau$e

The remaining 5-10 % of cases (secondary hypedenhare caused by other

conditions that affect the kidneys, arteries, heagndrocrine system.
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Persistent hypertension is a major risk factorstooke, myocardial infarction
(heart attacks), heart failure and aneurysms oéttexies (e.g. aortic aneurysm), and
is a cause of chronic kidney disease. Even modeiateation of arterial blood
pressure is associated with a shortened life eapeyt Dietary and lifestyle changes
can improve blood pressure control and decreaserisheof associated health
complications, although drug treatment is oftenessary in patients for whom

lifestyle changes prove ineffective or insufficient

Category Systolic (mm ofHg) | Diastolic (mm of Hg)
Normal >130 <85
High Normal 130-139 85-89
Hypertension
Mild stage (stage 1) 140-159 90-99
Moderate (stage 2) 160-179 100-109
Severe (stage 3) 180-209 110-119
Very sever (stage 4) >210 >120
Malignant hypertensior>200 >140
1.8.2 Etiology:

In the year 2006 it is estimated that nearly ollehipeople or ~26% of the
adult population had hypertension worldwide. It wasnmon in both developed
(333 million) and undeveloped (639 million) couefti However rates vary
markedly in different regions with rates as low3a4% (men) and 6.8% (women) in

rural India and as high as 68.9% (men) and 72.58n@n) in Poland.

In 2001 it is estimated that 43 million people metUnited States had

hypertension or were taking antihypertensive meitina almost 24% of the adult
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populatiort®. The prevalence of hypertension in the UnitedeStas increasing and
reached 29% in 2004.1t is more common in blacksrattye Americans and less in
whites and Mexican Americans, rates increase wgh, and is greater in the
southeastern United States. Hypertension is moeyafent in men (though

menopause tends to decrease this difference) asd tf low socioeconomic status.

Over 90-95% of adult hypertension is essential figpsion. One of the

most common causes of secondary hypertensionnspyialdosteronisi.
1.8.3 Antihypertensive agent¥"

Antihypertensive agents are the drugs which lovirer Iblood pressure in
hypertensive patients. Proteins, peptides and rboant drugs
a. Classification of antihypertensives
1. Diuretics
eg. Chlorthalidone, Clopamide, Indapamide
2. B Adrenergic blockers
eg.Acebutolol, Atenolol, Metoprolol, Propranololjiolol
3. a Adrenergic blockers
eg. Terazosin, Prazosin, Doxazosin
4.0 + 3 Adrenergic blockers

eg. Labetalol, Carvedilol,nebivolol
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5. Ace inhibitors

eg. Perindopril, Captopril, Enalapril, LisinoprikFosinopril, trandolapril,

benazepril etc.
6. Calcium channel blockers
eg. Amlodipine, Felodipine Nifedipine, Nimodipinderapamil
7. Vasodilators
eg. Hydralazine, Minoxidil, Sodium nitroprusside
8. Angiotension-II receptor antagonists
eg. Candesartan, Losartan, Valsartan
9. Central sympatholytics

eg. Clonidine, Methyldopa
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2. LITERATURE REVIEW

« Caloetal., (1998F° were studied that the antihypertensive and membiéfects
of nebivolol in hypertensive patients with typeidlgktes. Author shown that the
drug normalizes blood pressure, and while no imgmaant in glucose control
was observed, it reduced total cholesterol anceaszd HDL cholesterol as well

as the HDL to total cholesterol ratio.

 Shougo Kaneko et al., (1999) investigated the renal protective effect of
nifedipine (2-nitrophenyl derivative BAY a 1040) streptozotocin (STZ) -
induced spontaneously hypertensive rats (SHRs, 8ksveof age). Author
suggested that nifedipine inhibits the developmerit albuminuria and

glomerular enlargement in STZ-induced diabetic SHRs

* |Istvan Edes et al., (2005) examined the effect of the betal-selective beta-
blocker nebivolol, administered as add-on therapyleft ventricular function in

260 elderly patients (N65 years) with chronic héaittire (CHF).

» Zahid Dhakam et al., (2008)reported that nebivolol and atenolol have similar
effects on brachial blood pressure and aortic r&ff§. However, nebivolol
reduces aortic pulse pressure more than atendhathwnay be related to a less

pronounced rise in Alx and bradycardia.

« P. V. Swamyet al., (2007)>° prepared rapidly disintegrating oral tablets of
meloxicam by direct compression method using supetdgrants such as
sodium starch glycolate, Ac-Di-sol and low moleculeeight hydroxy propyl

methyl cellulose. Combinations of superdisinteggantere used along with
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directly compressible mannitol to enhance moutlh fElee prepared batches of
tablets were evaluated for hardness, friabilityjgdcontent uniformity, wetting

time water absorption ratio and in-vitro dispersiione.

« USPTO Patent 20070086974, (20G7Hescribed about pharmaceutical
compositions of substituted benzhydrylpiperazinestheir pharmaceutically
acceptable salts, and their methods. It involvesniation of stable and
palatable taste masked pharmaceutical compositibostirizine in combination

with resins and the process for preparing the same.

» Keith J. Simonset al., (2006),formulated fast-disintegrating sublingual tablets
Of Epinephrine bitartrate. Four tablet formulatioAs B, C, and D, containing
0%, 6%, 12%, and 24% of Epinephrine bitartrate, peesvely, and
microcrystalline cellulose: low-substituted hydrpxgpyl cellulose (9:1), were
prepared by direct compression, at a range of cesspn forces. Tablet weight
variation, content uniformity, hardness, disintégma time, wetting time, and
friability were measured for each formulation atle@ompression force. All 4
tablet formulations at each compression force wathin the USP limits for
weight variation and content uniformity. At a meaBD hardness of 2.3 £ 0.2
kg, all tablet formulations passed the USP frigpiliest. At a mean + SD
hardness of 3.1 + 0.2 kg, all tablet formulations resulteddisintegration and

wetting times of <10 seconds and <30 seconds, casply.

« Istvan Edeset al., (2005§' examined the effect of the betal-selective beta-
blocker nebivolol, administered as add-on therapyleft ventricular function in

260 elderly patients (N65 years) with chronic héaittire (CHF).
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Zahid Dhakam et al., (2008)reported that nebivolol and have similar effects o
brachial blood pressure and aortic stiffness. Hawemebivolol reduces aortic
pulse pressure more than atenolol, which may kee@lto a less pronounced

rise in Alx and bradycardia.

Sarah E. Capeset al., (2000¥? reported that clinical proteinuria patients with
left ventricular (LV) dysfunction are unknown. Qbkal proteinuria is an
independent predictor of hospitalization for CHFl anortality in diabetic and
nondiabetic patients with LV dysfunction. Enalapsignificantly reduces the

risk of clinical proteinuria in diabetic patientstivLV dysfunction.

Anna K. Trauernicht et al., (2003) were studied that effects of chronic
treatment with enalapril on cerebrovascular dysioncand endothelial nitric

oxide synthase (eNOS) protein in diabetic rats.s€heesults suggested that
enalapril prevents cerebrovascular dysfunctioniabetic rats. Author conclude
that the protective role of enalapril may be indegent of an alteration in eNOS

protein in cerebral microvessels.

Jeevana Jyothiet al., (2010) developed fast dissolving tablets of nebivolol

using crospovidone and it's kneading Mixture.

K. Danjo et al., (2002§° provides information regarding preparation evatmat

and optimization of rapidly disintegrating tablets.

M M Patel et al., (2006) prepared rapid disintegrating tablets of nebivdigl

using various superdisintegrants following diremtnpression technique.
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* Martin et al., (2004) reviewed the nebivolol and their uses. It provides
information regarding the history preparation, cterpformation of nebivolol

and industrial applications.

« Pisal et al., (2004%* formulated and evaluated tasteless complexes of
Ciprofloxacin with Indione 234. Studies showed tbalid dispersion affected by

pH, but temperature not affected. Volunteers réteccomplex as tasteless.

 Rao et al., (2000)formulated taste masked oral suspension of Quisuiite.
For taste masking solid dispersion was done withe@schange resin (Indione —
234). The products were evaluated for bitternessg adtontent, particle size,

viscosity, sedimentation time, volume, redispeti#iband drug release.

* Ronchi M et al.,, (2003) provides the information regarding the use of
disintegrants in solid dosage forms. Describednlieehanism of disintegrants in

disintegration process of tablets.

 S.K Sethet al., (2010)al provides methods to mask the bitter taste ofisl— by
solid dispersion with beta nebivolol, also desdtilblee methods of preparation

and evaluation of immediate release tablets.
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3. AIM AND OBJECTIVE

The aim of the present work is to investigate plossibility of obtaining
immediate release tablet of nebivolol with improvedssolution using solid

dispersion technique.

Basic goals in the development of immediate disagltablet are to increase
patient compliance, ease of administration, safetgt appropriate dosing. Orally
disintegrating formulations also provide benefas pharmaceutical companies like
lifecycle management, line extension, market exjpanscost effective drug

development programs.

According to BCS classification nebivolol comingdan class 2 category
which has low solubility and high permeability. Nwddol is a white powder,
relatively insoluble in water. Solubility and disstoon was improved by
formulating solid dispersion. Keeping in view thevantages of this delivery
system, in the present study, attempts were mattegraulate immediate dissolving
tablet nebivolol, which is useful to reduce bloaggsure level in the treatment of

antihypertensive agents.

The direct compression was used to compress thettads it is the easiest
way to manufacture tablets. Conventional equipmemsmmonly available
excipients and limited number of processing stepe #volved in direct
compression and so manufacturing cost is low. Tabjgoduced by direct

compression are relatively strong in hardness awe tess friability.
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Super disintegrants are the major components of ediate release
tablets.Based on their origin they can be groupdd two category, synthetic super
disintegrants (micro crystalline cellulose, croswidone, cros carmellose sodium,

starch glycolate) and natural super disintegrants.

Natural origin is preferred over semi synthetic ahthetic substances
because they are comparatively cheper, abundambly, irritating non toxic in

nature.

The formulation of immediate release using natawgder disintegrants is an
excellent example for the application of naturatratg in the formulative field. And
this proved that the natural agents have almosivalgmt properties to synthetic

agents, which can be widely used for formulationd@$age forms.

Nebivolol used to improve the solubility, stabilidy drug and also to mask

its bitter taste.
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4. PLAN OF THE WORK

< LITERATURE SURVEY

% SELECTION OF DRUG AND EXCIPIENTS

% PREFORMULATION STUDIES
o Evaluation of Physical Parameters of Nebivolol
o Drug Excipients Compatibility study
o Construction of standard curve

% PREPARATION OF SOLID DISPERSION AND PHYSICHAL
MIXTURE

% CHARACTERISATION OF SOLID DISPERSION AND PHYSICAL
MIXTURE

% PREPARATION AND EVALUATION OF NATURAL
SUPERDISINTEGARANTS

<+ PRECOMPRESSION PARAMETERS

% FORMULATION OF IMMEDIATE RELEASE TABLETS WITH
DIFFERENT DISINTEGRANTS

< EVALUATION OF IMMEDIATE TABLETS BY
o0 Weight variation
o Friability
0 Thickness
0 Hardness

o In-vitro disintegration
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0 Wetting time

o Uniformity of dispersion
0 Water absorption ratio

0 Assay

o In-vitro dissolution study

% STABILITY STUDY OF OPTIMISED FORMULAITON AS PER ICH

GUIDELINES
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5. PROFILES

5.1 DRUG PROFILE:
5.1.1 NEBIVOLOL %

Nebivolol is a highly cedio selective vasodilator betal recegblocker used

in treatment of hypertensic
Chemical Structure:

F F
H

OH OH

Chemical Name:
1,1’-(bis(6-fluoro-3,4dihydro-2h-1-benzopyran-2-yl)-2,2’iminodiethanol.
Molecular Formula: Cz; Has F2 NO4

Molecular Weight: 405.4

Category: selectivebete-1 receptor antagonist.

Description: whiteto almost-white powder.

Solubility:

The solubility of drug was determined in variousveats and it was foun
that the drug is freely soluble in N-dimethyl formamidemethanol and dimethyl
sulfoxide; sparingly soluble in polypropylene glycol and etblaand insoluble it

water.
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Storage:

Store below 3%, protect from moisture. Store in tight light staint

container.

Mechanism of action:

Nebivolol is a selectivep, - receptors antagonist. activation of receptors by
epinephrine increase the heart rate and blood ymeesand the heart consumes more
oxygen. nebivolol blocks these receptor which regeeffect of epinephrine,
lowering the heart rate and blood pressure. inteidibeta blockers prevent the
release of resin, which is a hormone produced ey kilneys which leads to
construction of blood pressure. A enough concdotrathis drug may also bind

bete2 receptors.

Pharmacodynamics:

Nebivolol is a competitive and highly selective &ét receptor antagonist
with mild vasodilating properties, its due to atenaction with the L-arginine\nitric
acid pathway. In preclinical studies, nebivolol teeen show induse endothelium-
dependent arterial relaxation in a dose dependemtner, by stimulation of the
release endothelial nitric oxide. Nictric acid atdsrelax vascular smooth muscle

cells and inhibits platelets aggregation adhesion.

Renal effects:

Plasma concentrations of nebivolol have been tegaio be increased in
patients with renal impairment. Based on mean Aldfadapproximately 40% to

50% higher plasma concentrations of nebivolol webserved in hypertensive
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patients with moderate to severe renal impairmentpgared to a control group of

hypertensive patients with normal renal function.

Pharmacokinetics:

Absorption

Nebivolol is rapidly and extensively absorbed faliog oral administration,
with absolute bioavailability of approximately 258 35% due to a significant
degree of first-pass metabolism. When administesigufood, the rate of absorption
is slowed, as evidenced by a delay in the timeséxin peak plasma levels, with no

significant difference in extent of bioavailability

Distribution

The drug is highly lipophilic and is highly proteinound. The stereo
selective tissue distribution of nebivolol enantam results from an enantiomeric

difference in plasma protein binding rather thatissue binding.

Metabolism

Nebivolol is metabolized primarily by aromatic ringxidation and
glucuronidation.The oxidative metabolites are fartimetabolized by conjugation
via glucuronidation and sulfation. Demethylatiorddmydroxylation at the phenol
ring produce 3 active metabolites wiflireceptor blocking activity. Based on
preclinical studies, the 4'-hydroxyphenyl metalaoig approximately 13 times more
potent than nebivolol forp-blockade. Compared to nebivolol, the 3 active

metabolites exhibit weak vasodilating activity. $ttea concentrations of the active
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metabolites are about one-tenth of those obsengrd nEbivolol and have

pharmacokinetics similar to the parent.

Elimination

The metabolites of nebivolol are excreted primaniy the bile into

the feces. The elimination half-life of nebivol@merally ranges from 7 to 10 hours.

Contraindications

« Bronchial asthma or related bronchospastic conuitio

« Second- or third-degree AV block

« Sick sinus syndrome

« Severe bradycardia (unless a permanent pacemakeplace)

« Patients with cardiogenic shock or who have decosged heart failure

requiring the use of intravenous inotropic therapy.
- Patients with severe hepatic impairment
- Patients with a history of a serious hypersensjtivgaction (e.g., Stevens-
Johnson syndrome, anaphylactic reaction, angioedema
Therapeutic indications: Nebivolol can be used in the following indications

* Hypertension
» Congestive heatrt failure

* Myocardial infarction
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Marketed dosage forms:

Bystolic controlled release tablets of nebivololdoses 2.5mg, 5mg, 10mg,

20mg.

5.2 EXCIPIENT PROFILE:

CROS POVIDONE®’

Synonyms . Crosslinked povidone ;EI 202;Kollidon;Kallidon CL-
M;polyplasdon XL 10 ; Polyvinyl poly pyrrolidon®VPP;
1-vinyl -2-pyrrolidone homopolymer.

Description : Crospovidone is a white to creamytevhinely devided, free
flowing practically tasteless, odourless or neadourless
hygroscopic powder.

Chemical name : 1-ethenyl -2 —pyrrolidone homopaygm

Molecular weight : >1000000

Functional category: Tablet disintegrgRaymond C.Rowe et al, 2001)

Applications in Pharmaceutical Formulation

Cropovidone is a water —insoluble tablet disiregrand dissolution agent
used at 2-5% concentration in tablet prepared mcticompression method (1-6). It
rapidly exibit high capillary activity and pronowstat hydration capacity, with little
tendency to form gels. Studies suggest that thiecfgasize of crospovidone strongly

influences disintegration of analgesic tablets
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SODIUM STARCH GLYCOLATE

Synonyms . Primojel; Starch carboxy Methyl ethediem salt, Tablo;

Description . Tasteless, free flowing powder. HieEur 2005 states that
it consist of oval or spherical granules, 30-L@®in
diameter, with some less spherical granules rangom

10-35um in diameter.

Chemical name: Sodium carboxy methyl starch.

Molecular weight : 5X105-1

Functional category : Tablet and capsule disintggra

Applications in Pharmaceutical Formulation

Sodium starch glycolate is widely used in oral rpieceuticals as a
disintegrant in capsule and tablet formulationsisltcommonly used in tablets
prepared by either direct compression or wet gediori process. The usual
concentration employed in a formulation is betwgéft and 8% with the optimum
concentration about 4% although in many cases 2%uificient. Disintegration

occurs by rapid uptake of water followed by rapid @nhormous swelling.

Although the effectiveness of many disintegraraffected both presence of
hydrophobic excipients such as lubricant the degjrdant efficiency of sodium starch
glycolate is unimpaired increasing the tablet caapion pressure also appears to
have no effect on disintegration time. Sodium s$tagtycolate has also been

investigated for use as a suspending vehicle

Dept. of Pharmaceutics 35 J.K.K. Nattraja College of Pharmacy



Chapter 5 Profiles

CARBOXY METHYL CELLULOSE CALCIUM ©°

Synonyms : Calcium CMC ; ECG 505 ; Nymcel ZSC ;diiah
Carboxy methyl cellulose

Description . It occurs as a white to yellowish-itg@hygroscopic fine
powder
Chemical name . Cellulose, carboxy methyl ethdciwan salt

Functional category : Stabilizing agent, suspendiggnt, tablet and capsule
disintegrant; tablet binder; viscosity incregsagent

Water Abosrbing agent.

Application in Pharmaceutical Formulation

It used as binder, diluents and disintegrans Hn effective disintegrant as it
swells to several times it's original bulk on coot@ith water. Concentration up to
15 % w/w may be used in tablet formulations; abtlvis concentration, tablet

hardness is reduced

It is also used as suspending or viscosity inangaagent in oral and topical
formulations. And also used in modern wound dregssifor it's water absorption,

retension and hemostatic properties.

SODIUM STEARYL FUMERATE "°

Synonyms :  Fumeric acid, Otadecyl ester sodium Baltv ; Sodium
monosrearyl fumerate.

Description :  Sodium stearyl fumerate is a finete/fpiowder with
agglomerates of flat, circular shaped patrticles.
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Chemical name . 2-butenedioic acid, monooctadest@resodium salt
Molecular weight : 390.5

Functional category : Tablet and capsule lubricant.

Applications in Pharmaceutical Formulation

Sodium stearyl fumerate is used as lubricant, apsale and tablet
formulations at 0.5 — 2.0 % w/w concentration. dtdlso used in certain food
applications conditioning or stabilizing agent iarious backery Products, flour-

thickened foods, dehydrated potatos and processedlap to 0.2-1.0 % by weight

of the food.

TALC "*

Synonyms : Atalc ; E 55 3 b; hydrous magnesiumigalicsilicate ;
hydrous magnesium Silicate; magnesium hydrogen
metasilicate ; Magsil osmanthus; magsil stawgered
talc; purified French chalk; Purtalc ; soapsiasteatite;
superior

Description . Talc is very fine to grayish —whitelorless, impalatable,
unctuous, crystalline powder. It adheres reduilthe skin
and is soft to touch and free from grittiness.

Chemical name : Talc

Functional category : Anticaking agent; glidaabhlet and capsule diluents;

tablet and capsule lubricant.
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Applications in pharmaceutical formulation

Talc was once widely used in oral solid dosagentdations as a lubricant
and diluent although today It is less commonly useid widely used as dissolution
retardant in the development of controlled relgaseluct. Talc is used as a lubricant
in tablet formulations; in novel powder coating fottended-release pellets; and as

an adsorbent

In topical preparations, talc is used as a dugpogder, although it should
not be used to dust. Surgical gloves. As it is tunaa material it may contain
microorganisms and should be sterilized when usedluating powder. Talc used to
clarify liquids and is also used in cosmetics anddf products, mainly for it's

lubricant properties

POLYETHYLENE GLYCOL 6000 "
Synonyms:

Breox peg; carbowax; hodag peg; lutrol E; PEGyegiblylene glycol.
Chemical Name and CAS registry number

a-hydro-w- hydro- poly (oxy-1, 2- ethane diyl) and [25322-8j8
Molecular weight:
5000 — 7000 (average molecular weight)
Description:

Polyethylene glycol grades 6000 and above are ablailas free-flowing
milled powders, colorless or slightly yellow coldreThey have a slight, but

characteristic odour and a bitter, slightly burniaste.
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Typical properties:
1) Density; 1.15-1.21 g/ctrat 25°C.
2) Melting Point: 55-63°C
3) pH (5% wl/v solution): 4.0-7.0.

4) Hydroxyl value: 16-22.

Incompatibilities:

All grades can exhibit some oxidizing activity die the presence of
peroxide impurities and some secondary product édrimy auto- oxidation. Solid

polyethylene glycols grades may be incompatibléwdme colour.
Safety:

Nontoxic and non-irritant material, when administe topically may cause

stringing.
Application in pharmaceutical formulation:

Polyethylene glycols can also be used to enhareadeous solubility or
dissolution characteristics of poorly soluble compas by making solid dispersions
with an appropriate polyethylene glycol. Animaldies have also been performed

using polyethylene glycols as solvents for steraidssmotic pumps.
MICROCRYSTALLINE CELLULOSE "
Nonproprietary Names:

« BP: Microcrystalline cellulose

« JP: Microcrystalline cellulose
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« PhEur:Cellulosum microcristallinui

« USPNF: Microcrystalline cellulo:

Synonyms:

Cellulose gel;; crystalline cellulose; E460;; Fibet; Tabulose
Chemical Name and CAS Registry Numbe|

Cellulose [900-34-6]
Empirical Formula and Molecular Weight:

(CeH100s)n =36 000

where n= 220

Structural Formula:

OH OH

OH OH

CH.OH

Functional Category:
Adsorbent; suspending agent; tablet and capsulerts tablet disintegrar
Applications in Pharmaceutical Formulation or Techrology:

Microcrystalline cellulose is widely used in phaceatcals, primarily as
binder/diluents in oral tablet and capsule formales where it is used in both v-

granulation and dire-compression processes. In addition to its use
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binder/diluents (20-90%), microcrystalline cellidoalso has some lubricant and

disintegrant (5—15%) properties that make it usieftidbleting.
Description:

Microcrystalline cellulose is purified, partiallyegolymerized cellulose that
occurs as a white, odorless, tasteless, crystajpowder composed of porous
particles. It is commercially available in diffetgmarticle sizes and moisture grades
that have different properties and applications.

Density (bulk)

« 0.337 g/cmi;

« 0.32 g/cm for Avicel PH-101; 0.29 g/cffor Emcocel 90M; 0.29 g/ctrfor

VivaPur 101.

Density (tapped) :

. 0.478 glcm;

. 0.45 g/cm for Avicel PH-101;

. 0.35 g/cm for Emcocel 90M.
Density (true):

« 1.512-1.668 g/cth
Melting point:

Chars at 260-270°C.
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Solubility:

Slightly soluble in 5 % w/v sodium hydroxide sotutj practically insoluble

in water, dilute acids, and most organic solvents.

Stability and Storage Conditions:

Microcrystalline cellulose is a stable though hyggapic material. The bulk

material should be stored in a well-closed contaima cool, dry place.
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6. MATERIALS AND METHODS

MATERIALS ™

Table No 3: Materials used and their suppliers

MATERIALS SUPPLIERS
Nebivolol Zydus pharma,Hosur
Ispagol Gujarath International, Gujarath.
PEG 6000 Micro lab, Mumbai.

Microcrystalline cellulose| Loba chemi, Mumbai

Sodium starch glycolate Research lab fine chemmbhi

Cros povidone Reasearch lab fine chem., Mumbai
Sodium alginate Loba chemi, Mumbai.

Talc Lobachemi, Mumbai.

Aspartame Bangalore antibiotics & Biological, Salam
Aerosil Lobachemi, Mumbai.

Methanol Himedia lab, Mumbai.

Hcl Micro Lab, Mumbai.
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METHODS

Table No. 4. Process equipments and their suppliers

EQUIPMENTS

SUPPLIERS

Electronic balance

Shimadzu weighing balance

Magnetic stirrer

Remi equipments

machine

Hot air oven In lab equipments , Chennai.
Orbit shaker Lab India.
Proton mini press tablet punchipgroton

Hardness tester

Tab machines

Friability tester

Roche Friabilator

Vernier caliper

Mituyoko Japan

Dissolution Apparatus

Lab India Disso 2000

UV visible spectrophotometer Lab India
FT IR Spectrometer Brukle alpha
Disintegration apparatus Rolex

6.1 PRE-FORMULATION STUDIES: ®

Preformulation may be described as a phase oetearch and development
process where the formulation scientist charaaerithe physical, chemical and

mechanical properties of new drug substances,derao develop stable, safe and

effective dosage forms.

6.1.1 Organoleptic properties:

Appearance

Transferred approximately 2gm of the sample on #&enmpaper spreaded

uniformly and examined visually.
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Colour: a small quantity of pure nebivolol powder was take a butter paper and

viewed in well illuminated place.

Taste and odour:very less quantity of nebivolol was used to gstdavith the help

of tongue as well as smelled to get the odour.

6.1.2 Loss on drying

Determine on 1 g by drying in an oven at 100°CQa6°C for 3 hours. Mixed
and accurately weighed the substance to be te$ted. a glass stopper, shallow
weighing bottle that has been dried for 30 minuteder the same conditions to be
employed in the determination. Weighed the emptyld¢W,). Put the sample in
bottle, replace the cover, and accurately weighed @mpty bottle with contents
(W>). By gentle, sidewise shaking, distributed the glanas evenly as practicable to
a depth of about 5 mm. Placed the loaded bottlinendrying chamber. Dried the
sample at the specified temperature in desicatordeveighing. Weighed the bottle

(W3).The difference between successive weights shaatltess than 0.3%.

The loss on drying is calculated by the formula:

(WWs)
% LOD = —eremeemee X 100

(WWo)

Where, W = Weight of empty weighing bottle
W, = Weight of weighing bottle + sample

W3 = Weight of weighing bottle + dried sample
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6.1.3 Angle of repose:

Angle of repose is the maximum angle of a stabigeslidetermined by
friction, cohesion and the shapes of the particlése internal angle between the
surface of the pile and horizontal surface is knagnthe angle of repose and is

related to the density, surface area and co-efifi@éfriction of the raw material.

Method: Angle of repose was determined by using funnelhogkt The
height of the funnel was adjusted in such a waytthatip of the funnel just touches
the heap of the blends. Accurately weighed blendllimved to pass through the
funnel freely on the surface. The height and di@meff the powder cone was

measured and angle of repose was calculated usrigltowing equation.
o =tan’ (h/r)

Where, h = height of heap, r = radius of heap; angle of repose.

Table-5: Limits:
Angle of repose Flow property
<25’ Excellent
25-30° Good
30-40° Passable
>40° Very poor

6.1.4 DETERMINATION OF DENSITIES;

Bulk density: Bulk density is defined as the mass of the powdaded by

the bulk volume. Bulk density largely depends omtipi@ shape, as the particle
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become more spherical in shape, bulk density wase@&sed. In addition as the

granule size increases bulk density decreases.

Method: A quantity of 5 gm of powder weighed and transdrto a
measuring cylinder and observed the volume occupiethe sample. The initial

volume was calculated. Bulk density was calculatgdg the formula.
Bulk Density = Bulk Mass / Bulk Volume

Tapped density: Tapped density is achieved by mechanically tapmng
measuring cylinder containing a powder sample. rAdteserving the initial volume,
the cylinder is mechanically tapped and volume ireggglare taken until little further
volume changes is observed the mechanical tapgngchieved by raising the
cylinder and allowing it to drop under its own weig specific distance. Device that
rotates device during tapping may be preferred itumize any possible separation

of the mass during tapping down.

The powder in the measuring cylinder were tapfmedspecific times at a
height of 2.5 cm at a interval of 2 seconds. Thevger in the graduated cylinder
were tapped for specific times at a height of Zrbat an interval of 2 seconds. The
final volume occupied by the sample was noted apgpe¢d density was calculated

by using the formula:

Tapped Density =
pp ty Vi

Where, m = initial weight of material in gm, Vfwolume of material after
tapping. Generally replicate determinations argirdble for the determination of

this property.
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6.1.5 Measurement of Powder Compressibility:

Based on the apparent bulk and the tapped densig, percentage

compressibility of bulk was determined by the faliog formula.

(Vo - Vf)

0

Compressibilityindex: = 100

Where, Vf = final tapped volume, Vo = initial urpgzed volume

Table — 6 : Limits:

S. No. | Compressiility index Flow
1 5-12 Free flow
2 12-16 Good flow
3 18-21 Fair
4 23-25 Poor
5 33-38 Verypoor
6 >40 Extremely poor

HausnerRatio: = V—°
VFf

Where, Vf = final tapped volume, Vo = initial ump@ed volume.
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Table - 7: Limits:

S.No Hausner’ ratio Flow
1 1-1.2 Free flowing
2 1.2-1.6 Cohesive powdet

6.1.6 Solubility analysis:

Solubility is important pre-formulation parameteechuse it affects the

dissolution of drug, bio availability of drug.

Method: solubility of nebivolol was determined in methanathanol,
dimethyl fluoride methylchloride,0.1NHCI.solubilitgtudies were performed by
taking excess amount of nebivolol in different berakcontaining the solvent. The
mixture was shaken for 10hrs at regular intervidle solution was filtered by using

whatmann filter paper. The filtered solution wenalgsed spectrophotometrically.
61.7. P'

Weighed and transferred accurately about 1.0gpofple in 20 ml clean and
dried volumetric flask dissolved in carbon dioxiffee water and made up the
volume to 20 ml with the same solvent, mixed. Deieed the f of freshly

prepared solution by using recalibratéthpeter.
6.1.8 ASSAY

Weighed accurately 10mg of nebivolol sample andleddto 100 ml

volumetric flask. Added 1ml of methanol mixed fd& thinutes added 70ml of 0.1 N

Dept. of Pharmaceutics 49 J.K.K. Nattraja College of Pharmacy



Chapter 6 Materials and Methods

Hydrochloric acid and dissolved it.Make up the wo& to 100ml with 0.1 N
Hydrochloric acid.Took 10ml and diluted to 100mlthvD.1 N HCL.Took 1ml and

diluted to 10 ml with 0.1 N HCL, absorbance meadwe282nm.

6.2. DRUG-EXCIPIENT COMPATIBILITY STUDY BY FTIR

Infra Red spectroscopy is one of the most widedgdutools for purity
analysis of drugs in pharmaceutical industry. Faufiransform IR spectra were
recording using Brukle alpha spectrometer. KBr pewdas to prepare used to

prepare pellet for sampling. The scanning range408€-400cm.

6.3 PREPARATION OF STANDARD CURVE

The calibration curve is based on the spectrophetigm The maximum
absorption was observed at 282nm. It obeyed Bémwnsn the concentration range

of 10-50 pg/mL.

Preparation of stock and standard solution:

The standard solution of nebivolol hydrochloridesvpaepared by accurately
weighing 10 mg of the drug. It was diluted in a 1®Q volumetric flask with
methanol to give a range of solutions with finahcentrations of 5-50 mg/mL. The

absorbance of each solution was determined at 282 n

Preparation of various concentrations:

10 ml stock solution was taken from stock solutibband volume made up to
100 ml by using 0.1 N HCI to get 100 pg/ml concatdns. From this solution 10-

50 pg/ml concentrations were prepared.
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6.4. Preparation of solid dispersion and physical irture "®:
6.4.1. Solid dispersions prepared by melting the caer

Solid dispersions (SDs) preparations containindgecéht weight ratios of
nebivolol in PEG6000 (1:1, 1:2, 1:5) were prepated the melting method.
Nebivolol was added to the melted PEG 6000 & 7nd the resulting homogenous
preparation was rapidly cooled in a freezing migtaf ice and sodium chloride, and
stored in desiccators for 24h.Subsequently, thpedsson was ground in a mortar

and sieved through 50#.
6.4.2. Physical Mixture

Physical mixture (PMs) having the same weight saticere prepared by
thoroughly mixing appropriate amounts of nebivaotd PEG 6000 in a mortar until
a homogenous mixture was obtained. The resultingurg@ were sieved through a

50# sieve and denoted as PM.

6.5. Characterization of solid dispersions of nebidol with PEG 6000
6.5.1. Drug content

The drug content in each solid dispersion and ghysmixture was
determined by the UV-spectroscopic method. An ately weighed quantity of
solid dispersion or physical mixture, equivalent 46 mg of nebivolol, was
transferred to a 100-mL volumetric flask containid@ml of methanol and
dissolved. The volume was made up to 100ml withND.HHCL. The solution was
filtered through 0.45-mm membrane filter paper. @ref this solution was diluted
100 times with 0.1 N HCL to achieve 6 umol L-1 #hel absorbance was measured

at 282 nm.
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6.5.2. Phase-Solubility Study

Phase-solubility studies were carried out by adéxgess of drug (20 mg) in
screw-capped vials containing 20ml of aqueous swiubf different PEG 6000
concentration. The suspensions were continuoushgdton electromagnetic stirrer
at 25 and 37C and 300 rpm for three days (this duration wasiptssly tested to be
sufficient to reach equilibrium). The suspensionsravfiltered through 0.22um
membrane filter. The filtrate were suitably dilutecand analyzed,

spectrophotometrically, for the dissolved drug &2ram.
6.5.3. Dissolution Studies:

Dissolution studies of nebivolol in powder form, §Dand PMs were
performed by using thgSP type Il paddle apparatasthe paddle rotation speed of
50 rpm in 900ml of 0.1 N HCI as a dissolution mediat 37+0.5 °C. The SDs or
PMs equivalent to 10 mg of nebivolol were weighesinhg a digital balance and
added into the dissolution medium. At the specifiedes (every 10 min for 2
hours), 10ml samples were withdrawn by using swifiler (0.45um) and then
assayed for nebivolol content by measuring the rélasce at 282 nm using a UV-
Visible spectrophotometer . Fresh medium (10ml)ictvhwas prewarmed at 37 °C,
was added to the dissolution medium after each kagnfo maintain its constant

volume throughout the test.
6.5.4. Fourier transforms IR spectroscopy:

Fourier-transform infrared (FT-IR) spectra wereantéd by using Bruker
Alpha FTIR. The samples (nebivolol or SDs or PMgraevpreviously ground and

mixed thoroughly with potassium bromide, an infchteansparent matrix, at 1:5
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(Sample/KBr) ratio, respectively. The KBr discs e@repared by compressing the

powders at a pressure of 5 tons for 5 min in aduylitr press.

6.6 PREPARATION OF NATURAL SUPERDISINTEGRANTS (PLAN TAGO

OVATA SEED POWDER, MUCILAGE AND HUSK POWDER) "%

The powder of seeds and husk were prepared bytamatic grinder and
sieved (#80). Then it stored in a desicator urdgé U~or isolation of seed mucilage,
the cleaned seeds of Plantago ovate were soakeidtited water 48 hrs and then
boiled few minutes so that mucilage was completelgased in to water. This
material squeezed through muslin cloth for filtgriand separating out the marc.
Then an equal volume of acetone was added to lthatdi so as to precipitate the
mucilage .The mucilage was dried in oven (less 8®IC), powdered, sieved (# 80)

and stored in desicator until use.

The natural super disintegrants were evaluatedtieir physicochemical
properties. The swelling index is calculated, itthe volume in milliliters that is
occupied by 1g of drug or any substance afterstdveollen in an aqueous liquid for
4 hr. The physical mixture of drug complex withsthsuper disintegrants was
allowed to stand for 7 days and the assay of drag performed for compatability

studies.

Preparation of the prepared natural super disiatég were evaluvated for
swelling factor, bulk density, tapped density, &gt repose. Angle of repose were
calculated according to the formula procedure ih.46Bulk density and tapped
density were found out using the procedure givemg@ressibility and Hausner’'s

ratio were found out according to the formula 6.1.4
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6.7. FORMULATION OF IMMEDIATE RELEASE TABLETS OF

NEBIVOLOL. "°

Different Nebivolol Immediate Release Tablets wprepared according to
the proportions given in the table no 9. The ravtemals passed through a screen (#
60). Prior to mixing powdered separately the Nelold@&olid dispersion, and
weighed the amount equivalent to 10 mg Nebivol@swnixed with other excipents
and compressed proton miniplus tablet punching machrhe tablet weight was
adjusted to 430 mg. All formulation prepared aceuydo the following formulation

table.
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Table No. 8 - FORMULATION OF IMMEDIATE RELEASE TABL ET

INGREDIENTS Quantity in mg per tablets

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
1:5 Solid dispersion 240 240 240 240 240 240 240 240 240 240 240 240
equivalent to 40 mg Nebivolo
MCC 93.0 | 93.0 | 93.0| 93.0| 93.0f 93.0 93.( 93.0 93]0 .093 93.0 | 93.0
Mannitol 790 | 76.0 | 79.0| 76.0f 79.0, 76.0 79.0 760 .079 76.0 | 79.0 | 76.0
Isphagol mucilage 9.0 12.0 - - - - - - - - - -
Isphagol powder 9.0 12.0
Isphagol husk Powder - - - - 9.0 12.0 - - - - - -
Cross povidone - - - - - - 9.0 12.0
SSG - - - - - - - - 9.0 12.0
Calcium CMC - - - - - - - - - -- 9.0 12.0
SSF 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Talc 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 20 0 2
Aerosil 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Aspartame 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 05 .5 0|05
Orange flavor 050 | 050 050f 050 050 050 0.50 500.] 0.50 | 0.50 | 0.50 | 0.50
Total weight (mg ) 430 430 430 430 430 430 430 430430 430 430 430
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6.8 Evaluation of Immediate Release Tablet:
6.8.1. PHYSICAL APPEARANCE

Prepared Oral Disintegrating Tablets were evatli&te the smoothness and

absence of cracks, chips and other undesirablactesistics.

6.8.2 WEIGHT VARIATION

Twenty tablets were randomly selected and weigbetbtermine the average
weight and were compared with individual tablet gi®ti The percentage weight
variation was calculated. As per Indian Pharmac@pspecification, tablet with an
average weight weight between 80 — 250 mg, pergendaviation should not more
than £7.5 % and the tablet with an average weight mosa 860 mg should not be
more than + 10 %.

Tablet weight — Avgeaweight

% Deviation = X100
Tabletight

6.8.3. FRIABILITY

Friability of the tablets was checked by Rochealiliator. In this device,
tablets subjected to combined effects of abratioth shock by utilizing a plastic
chamber that revolves at 25 rpm, dropping the taldé a distance of 6 inches in
each revolution. Pre weighed tablets were placedriabilator, which was then
operated for 100 revolutions. The tablets wereatiiand reweighed.

W-W

F= X 100
w

WO = initial weight, W =final weight.
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6.8.4. THICKNESS

The thickness were measured using vernier cadipdivalues were tabulated.
Three tablets of each batch were measured. Avesiadestandard deviation was

calculated.
6.8.5. HARDNESS

Monsanto hardness tester was used for the detatioinof hardness. For

each formulation 3 tablets were determined.
6.8.6. DISINTEGRATION TIME

Disintegration time of 6 tablets from each forniaa was determined by
using USP disintegration apparatus. Disintegratest was carried out in 900 ml
buffer pH 6.8 at 37 + 2C and apparatus operated for 3 minutes, six taklete
taken and one tablet was introduced in each tube,vehs placed and basket and the

disintegration time in seconds was noted.
6.8.7. WETTING TIME

This is carried out as a measure of hydrophilioftyablets. Wetting time is a
length of time required to wet the tablet. A piedeissue paper (12 x 10.75) was
folded twice was placed in the small Petri disB @.5cm ) containing 6 ml of buffer
pH 6.8 simulated to salivary pH , tablet was placedthe paper and time for
complete wetting was measured. Three trials of dztich were performed and

standard deviation was determined.
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6.8.8. UNIFORMITY OF DISPERSION TEST

Two tables from each batch were separately kep©0ihml water and gently
tirred for 2 minutes. The dispersion was passedutiit 22 mesh. The tablet were

considered to pass the test if no residue remandte screen.

6.8.9. WATER ABSORPTION RATIO

Water absorption ratio, which is important criéeffior understanding the
capacity of disintegrants to swell in the presevickttle amount of water. Weight of
the tablet after and before the test was takenel&isorption ratio (R) is calculated

using following formula.

W W

R =X 100
WV

Where,
W, = weights of the tablets after water absorptiat te

W, = weight of the tablets before water absorptiat te

6.8.10. ASSAY

STANDARD PREPARATION

Weighed accurately 50 mg of Nebivolol and addedl@® ml volumetric
flask, dissolved in minimum quantity of methanohelvolume made up to 100 mi
with 0.1 N hydrochloric acid. Took 10 ml of thatistion and diluted to 100 ml with
0.1 N hydrochloric acid. Took 1 ml from that sotutiand diluted to 10 ml with 0.1

N hydrochloric acid.
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SAMPLE PREPARATION

Crushed 15 tablets and weighed quantity equivaieriO mg Nebivolol ,
dissolved in minimum quantity of methanol 0.1 N foahloric acid mixed well and
volume made up to 100ml. Filtered the solution da@dnl of this solution diluted to
100 ml. From that took 1ml and diluted to 10 ml sAlbance measured at 282 nm

by UV/Visible spectrophotometer.

Average sample absorbance  standard dilution  avg wt
X ¥ LA T H ]
Average sample absorbance  sample dilution  std.purity

6.8.11. DISSOLUTION STUDIES

Dissolution studies were carried out using USR tigpaddle apparatus) at
50 rpm 0.1 N Hydrochloric acid was used as dissmiutmedium. Temperature was
maintained at 37 +0.8C. Aliquots of dissolution media was withdrawn pesific
time intervals and it was filtered. Same quantityfresh media was replaced. The
filtered solution was used to determine the esimnatof drug content. The
absorbance were measured at 282 nm by UV/Visildetsphtometer. The test was

carried out for 30 minutes.
6.8.12. Kinetic Study

The release data obtained from optimized formotetvas studied further for
the fitness of data in different kinetic modelselikzero order, first order, Higuchi’'s

and KORSMEYER - Peppa’s.
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6.9. ACCELERATED STABILITY STUDIES

Selected formulation were subjected to stabilitydees as per I.C.H
guidelines. Following conditions were used for #ifgbtesting. 40° C / 75 % RH
analyzed every month for a period of two monthspas I.C.H guidelines. By

keeping 40 + & /RH the formula analyzed every month for a pedb@ months.
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7. RESULTS AND DISCUSSION

7.1. Preformulation Studies

7.1.1. Organlopetic Properties

These tests were performed as per procedure giveériil. The results were

illustrated in table no. 9.

Table No. 9: Organoleptic Properties

Test Specification/Limits Observations

Color White or almost white powder ~ White powder

Odour Odourless Odourless

7.1.2. Loss on Drying

This test was done as per procedure stated in.6Th2 result were

illustrated in table no. 10.

Table No0.10 : Loss on Drying

Test Specification/Limits Observations

Loss on drying Not more than 0.5% 0.087%

7.1.3. Flow Properties (Angle of repose)

It was determined as per procedure given in 6.I8e results were

illustrated in tables No. 11.
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Table No.11: Flow properties

Material Angle of repose

Nebivolol 28.80”

"Average of three determinations
7.1.4 Determination of Density

It was determined as per procedure given in 6.IHe results were

illustrated in table no. 12.

Table No.12: Density

Material Bulk Density (gm/ml) | Tapped density (gm/m)

Nebivolol 0.21 0.31

"Average of three determinations
7.1.5. Powder compressibility

It was determined as per procedure given in 6.Ike results were

illustrated in table no. 13.

Table No.13: Powder Compressibility

Materials Compressibility index | Hausner ratio

Nebivolol 15.23% 1.34%

"Average of three determinations
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7.1.6. Solubility

It was determined as per procedure given in 6.Ilee results were

illustrated in table no. 14.

Table No.14: Solubility

Test Specification Result

Solubility in water, Methanol,| Practically insoluble in water, freely
soluble in methylene chloride,

slightly soluble in ethanol. Complies

Methylene chloride, alcohol.

7.1.7 pH of the solutions

pH of the solution was determined as per procediven in 6.1.7. The

results were illustrated in table no. 15.

Table No.15: pH

Test | Specification| Observation

pH |25 2.4

7.1.8. Assay

It was determined as per procedure given in 6.I18e results were

illustrated in table no. 16.

Table No.16: Assay

Test Specification Observation

Assay | 90-110.0% 98.81%
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7.2.DRUG EXCIPIENTS COMPATABILITY STUDY BY FTIR;

Compaability study was perfomed using -IR spectrophotometer .The
spectrum of pure drug,physical mixture of drug amtipients were studied

making a KBr pellet.

The spectral details for the drug and physical mixires are shown as follown

Table No. 17: FTIR Peak Of Various Components

Characteristic bands Pure drug Physical mixture
N-H 2905.89cm-1t 3000.14cr-t
C=0 1710.74cm-1 1735.04cr-?
C-F 1350.08cm-1 1375.65cr-1

Fig. No. 1: IR spectrum of nebivolol
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Fig. No. 2: Ispagol Mucilage
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Fig. No. 3: Ispagol Seed Powder
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Fig. No. 4: Ispagol Husk Powder
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Fig. No. 5: IR Spectra of Microcrystalline Cellulog
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Fig. No. 6: IR Spectra of Crospovidone
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Fig. No. 7: IR Spectra of Croscarmellose Sodium
b P

Transmittance [%]
0.4 06 0.8 1.0 1.2
(
BN
g

ooooo

roooon oo
mmmmm
mmmmm

T
3300 ao0o 2500 2000 1500 1000 400
Wavenumber crm-1

Dept. of Pharmaceutics 67 J.K.K. Nattraja College of Pharmacy



Chapter 7 Results and Discussion

Fig. No. 8: IR Spectra of Sodium Starch Glycolate
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Fig. No. 9: IR Spectra of PEG 6000
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Fig. No. 10: IR Spectra of Nebivolol & Excipient Mkture
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The FT-IR Spectra analysis showed that there isngdain percent
transmittance which may be due to change in ciystgl and there is no
appearance or disappearance of any charactensads of pure drug nebivolol and
in the physical mixture of drug to polymer, whiabnéirms the absence of chemical

interaction between drug and polymer.

7.3. PREPARATION OF STANDARD CURVE

A UV spectrophometric method given in IP is useddissolution samples of
nebivolol tablet. Absorbance scans of drug in OHGL, showed maximum at 282
nm, which is selected as the analytical wavelen§tandard curve of nebivolol in
0.1N HCL. Calibration curve of nebivololl was detened by plotting absorbance

(nm) versus concentration (ug/ml) at 282 nm. Tiselts obtained are as follows.
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Table — 18: Standard curve of nebivolol

Concentration Absorbance
10 0.123
20 0.280
30 0.436
40 0.654
50 0.812

The linear regression analysis was done on absmeldeta points. A straight

line generated to facilitate the calculation of amtcof drug, the equation is as follows:

Y=mx+cC

Where Y=absorbance, m=slope, x=concentration

1.4

¢ Seriesl

——Linear (Series1)

70

Fig. 11 : Standard plot for nevibolol in 0.1N HCL

7.4. PREPARATION OF SOLID DISPERSION AND PHYSICAL M IXTURE

As per the method given in 6.4.1 and 6.4.2 solgbetsion and physical

mixture were prepared.
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7.5. Characterization of solid dispersions of Nebolol with PEG 6000

7.5.1. Drug content

It was determined as per procedure given6ib.1. The results were

illustrated in table no. 19.

Table No. 19:Drug content in physical mixtures and solid disper®ns

Solid dispersion Physical mixture
Drug content Drug content
(drug to PEG mass (%) (drug to PEG mass (%)
ratio) ratio)
SD 1:1 99.25 PM 1:1 96.61
SD 1:2 98.47 PM 1:2 97.98
SD 1:5 99.71 PM 1:5 99.11

7.5.2.Phase solubility Study

It was determined as per procedure given6ib.2. The results were

illustrated below.

Phase Solubility study

Nw
w o >

(mg/ml)
H
R NG

Conc. of Nebivolole

o

o

o
ol

10 15 20 25

Conc . of PEG 6000
(% wiv)
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Fig. 12: Solubility diagram of Nebivolol in presene of PEG 6000

Fig no.12 represented the effect of different paysnconcentration at
different temperature on the solubility of Nebivioldhe plots of drug solubility
against the polymer concentration at the investdjé@mperatures indicated a linear
relationship between drug solution and polymer eatration. The result shown
that in both cases, the solubility of Nebivololieased with increasing temperature

and carrier concentration.

Solubility of Nebivolol in pure water at 25 was 0.01 mg/ml. At the highest
polymer concentration (10% wi/w), the solubility ieased approximately 4 fold for

PEG 6000 at 25 The same tendency was observed for other temypesat

7.5.3. Dissolution studies

It was determined as per procedure given6ib.3. The results were

illustrated in table no. 20.

Table No. 20: In-vitro Dissolution Profile of Nebivolol, Physical Mixture of

Nebivolol and Solid Dispersion of Nebivolol in pH 22 Buffers.

Sr. No. Formulations Percen:ta%gr?li(;llruutg;e(ggied after
Al Drug 38.23+2.15%
A2 PM 1:1 42.54+ 2.78 %
A3 PM 1:2 45.86x 2.49%
A4 PM 1:5 52.12+ 2.70%
A5 SD 11 88.89+ 2.15 %
A6 SD 1:2 94.46+ 2.45 %
A7 SD 1:5 99.35+ 2.86 %
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Fig. 13: Comparison ofin-vitro dissolution profile of formulation A1-A7
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The percentage release of Nebivolol at various tintervals from the
physical mixtures and solid dispersions made bygusiarious concentrations of
PEG 6000 are shown in Fig.no.1Hrom table no.20 it is evident that onset of
dissolution of pure Nebivolol is very low, about.28% of drug being dissolved
within 30 min.In the 30 minutes, physical mixtures of PEG 600Q,(1:2 and 1:5)
showed42.54, 45.86 and 52.%2 drug release, ar8B.89, 94.46, an89.35% drug
release from solid dispersions (1:1, 1:2 and 1Sb)s of Nebivolol with PEG 6000
considerably enhanced dissolution rates within 30 ecompared to pure Nebivolol

and PMs.

7.5.4. Fourier transforms IR spectroscopy

It was determined as per procedure giver6.ib.4. The following figures

were illustrated results.
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Fig. No. 14: IR Spectra of Solid dispersion 1:1
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Fig. No. 16: IR Spectra of Solid

dispersion 1:2
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Fig. No. 17: IR Spectra of Physical mixture 1:2
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Fig. No. 18: IR Spectra of Solid dispersion 1:5
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Fig. No. 19: IR Spectra of Physical mixture 1:5
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The IR spectra of SDs and PMs were compared wehstAndard spectrum
of Nebivolol. IR spectrum of Nebivolol was characted by the absorption of
carbonyl (C=0) sulphonyl urea group at 1,706 cminlspectra of SDs and PMs,
this band was shifted towards higher frequenciesl, @5 and 1,711 cm-1
respectively. Also the NH group which is located 33265 cm-1 from the IR
spectrum of Nebivolol shifted to 3,365 cm-1 in SDke Flourine bands are located
at 1,349 and 1,162 cm-1 in pure Nebivolol. In Stbg, asymmetric vibration peak
of S=0 band was shifted from 1,349 to 1,341 cm-thwlecreased frequencies. It
was concluded that there was no well defined ch&micteraction between
Nebivolol and PEG 6000 in SDs and in PMs, as noomamt new peaks could be

observed.

7.6. PREPARATION AND EVALUATION OF NATURAL

SUPERDISINTEGRANTS

Natural super disintegrates were prepared and aesluaccording to the

procedure given in 6.6.

Table No. 21 : Preliminary evaluation of natural syerdisintegrants

Parameters Mucilage | Seed Powdef Husk Powder
Bulk Density (gm/crm) 0.93 0.60 1.27
Tapped Density (gm/Ch 1.02 0.81 1.45
Hausners Ratio 1.063 1.24 1.21
Compressibility index (%) 6.68 16.37 15.66
Angle of Repose’) 26.20 41.36 34.15
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7.7. FORMULATION OF NEBIVOLOL IMMEDIATE RELEASE TAB LET
According to the formula given in table No. 8, Neadol immediate release tablet were formulated &edore formulation
precompression parameters were evaluated and igivehle no. 22.

Table No : 22 Precompression parameters

NJ

Parameters F1 F2 F3 F4 F5 F6 F7 F8 F9 F10Q F11 F1

Bulk density 0.460; 0.470 0410 0.410 042 0430 20.4 0.450| 0.470, 0.450 0.430 0.420

Tapped Density 0.550 0.540 0.530 0.520 0.p3  0.p405100{ 0.540| 0.54 0.55 0.53 0.51

% Compressibility | 16.3§ 16.0Y 22.64 21.15 20475 320. 17.64| 16.66 17.39 18.18 1886 17.64

1.14 1.29 1.26 1.26 1,25 1.21.40 1.14 1.22 1.33 1.21

\"Al

Hausners Ratio 1.19¢4

Angle of Repose 21.22 2012 2434 2440 2326 23.1720.31| 20.07f 2117 21.283 25.33 24.17
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7.8. EVALUATION OF IMMEDIATE RELEASE TABLETS
7.8.1. TABLET PHYSICAL APPEARANCE

The tablets were evaluated for their physical proes like color uniformity,

presence of cracks, chipping, etc. No undesiratdpaties were found out.
7.8.2. WEIGHT VARIATION TEST

It was determined as per procedure given in 6Th2.results were illustrated

in table No. 23.
7.8.3. FRIABILITY

The friability test were carried out according be fprocedure given in 6.8.3.

The result were tabulated in the Table No. 24.
7.8.4. THICKNESS

The thickness were carried out according to tloeguture given in 6.8.4. The

result were tabulated in the table No.23.
7.8.5. HARDNESS (KG/CM)

The Hardness test were carried out accordingdagtbcedure given in 6.8.5.

The result were tabulated in the table No.23.
7.8.6. DISINTEGRATION TEST (IN SEC.)

It was determined as per procedure given in @lg&eaesults were illustrated
in table No.23. The results indicated that thentiggjration time of tablets was within

35seconds.
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7.8.7. WETTING TIME

It was determined as per procedure given in 6Thé results were illustrated

in table 23.

7.8.8. TEST FOR UNIFORMITY OF DISPERSION

It was determined as per procedure given in 6Th8.results were illustrated

in table No.23.

7.8.9. WATER ABSORPTION RATIO

The test is conducted according to the procedivengn 6.8.9. To measure

the hydrophilicity of tablets, the results wereslirated in the table No.23.

7.8.10 ASSAY

It was determined according to the procedure give6.8.10. The percent

purity was detrmined by UV method, the results whustrated in the table No.23.
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Table No.23: EVALUATION CHART OF TABLET

Sr. | Para meter Formulation Code
No F1 F2 F3 F4 F5 F6 F7 F8 Fo F10 Fin F12
1 Weight 428.61| 429.62| 428.66| 431.12| 430.14| 429.63| 431.15| 429.11| 431.52| 428.71| 428.26| 431.63

Variation Test | +0.26 | +0.21 | +0.36 | #0.46 | +0.26 | +0.45 | #0.36 | +0.31 | +0.26 | +0.28 | +0.26 | +0.26

3 % Friability 0.36 0.30 0.31 0.40 0.38 0.30 0.33 .310| 0.34 0.42 0.35 0.33

4 Thickness (mm) 2.78% 2.79+ | 2.65+ | 2.60+ | 2.71+ | 2.72+ | 2.72+ | 2,78+ | 274+ | 2.73+x | 2.71+ | 2.65%
0.03 | 0.02 0.04 0.03 0.04 0.03 0.01 0.05 0.03 0.04 0.03 0.04

5 Hardness (Kg |/ 3.54 | 3.58 3.98 3.46 3.18 3.06 3.24 3.26 3.03 3.38 3.14 3.08

cnr) +0.12 | #0.13 | +0.21 | +0.17 | +0.15 | +0.17 | #0.2 | +£0.23 | #0.19 | #0.17 | +0.21 | +0.19
6 Disintegration | 23.33 | 21.00| 27.33 | 23.66 | 25.66 | 26.00 | 26.00 | 24.66 | 28.00 | 26.66 | 34.66 | 34.66
Time(sec) 2.1 | %15 +2.3 +2.0 +2.5 +3.0 +2.5 +2.1 2.2 +3.1 2.1 +2.2
7 Wetting time 50.66 | 47.66 | 63.00 | 66.33 | 63.33 | 57.67 | 54.33 | 52.66 | 52.00 | 53.33 | 65.33 | 63.00
(sec) +1.9 | %15 +2.3 2.2 +2.0 +2.1 +1.9 +2.3 2.2 2.7 +2.6 +2.3
8 Uniformity of Pass Pass Pass Pass Pass Pass Pass Pass Pass Rass| PRAss
Dispersion

9 W.A Ratio (%) 65.41 6538 73.87 74.01 66.02 67[3B5.32| 6531 66.17 66.98 7412 73.65

10 | Assay(%) 99.2 99.8 98.6 98.4 98,2 98.7 98.6 99.799.8 99.9 99.9 98.4
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7.8.11.IN-VITRO DISSOLUTION STUDIES

Dissolution study carried out according to pragedgiven in 6.8.11.The

study or 30 minutes, the results were illustratethe table below.

Table No.24: Dissolution profile of formulation F1

Time In Minute Cummulative Percent
Drug Release(%)

0 0

5 67.81
10 73.85
15 79.47
20 84.81
25 91.82
30 99.01

Fig. No. 20.In-vitro dissolution study F1
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Table No.25: Dissolution profile of formulation F2

Time in | Cummulative Percent
minute Drug Release(%)
0 0
5 68.30
10 74.06
15 79.03
20 85.16
25 92.18
30 99.93

Fig. No. 21.In-vitro dissolution study F2
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Table No.26: Dissolution profile of formulation F3

Time in
minute Percent Drug Release(%)
0 0
5 49.80
10 53.82
15 59.4
20 64.89
25 71.80
30 79.00

Fig. No. 22.In-vitro dissolution study F3
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Table No.27: Dissolution profile of formulation F4

Time in Cumulative Percent
minute Drug Release(%)
0 0
5 50.5
10 54.27
15 60.06
20 71.85
25 74.97
30 80.21

Fig. No. 23.In-vitro dissolution study F4
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Table No.28: Dissolution profile of formulation F5

Time in minute Cumulative Percent
Drug Release (%)
0 0
5 67.11
10 73.45
15 78.82
20 83.14
25 91.50
30 98.12

Fig. No. 24.In-vitro dissolution study F5
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Table No.29: Dissolution profile of formulation F6

Time in minute Cumulative Percent
Drug Release(%)

0.0 0

5.0 67.14
10 73.50
15 78.87
20 83.15
25 91.50
30 99.15

Fig. No. 25.In-vitro dissolution study F6
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Table No0.30: Dissolution profile of formulation F7

120

Time in minute Cumulative Percent
Drug Release(%)

0.0 0

5.0 67.61
10 73.74
15 79.12
20 84.36
25 92.01
30 99.50

Fig. No. 26.In-vitro dissolution study F7
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Table No.31: Dissolution profile of formulation F8

Time in minute Cumulative Percent
Drug Release(%)

0.0 0

5.0 67.80
10 74.04
15 79.75
20 84.96
25 92.80
30 99.86

Fig. No. 27.In-vitro dissolution study F8
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Table No.32: Dissolution profile of formulation F9

120

Time in minute Percent
Drug Release(%)

0.0 0

5.0 67.01
10 70.22
15 77.44
20 83.75
25 91.76
30 98.86

Fig. No. 28.In-vitro dissolution study F9
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Table No0.33: Dissolution profile of formulation F10

Time in minute Cumulative Percent
Drug Release(%)

0.0 0

5.0 67.73
10 70.91
15 77.91
20 84.01
25 92.14
30 99.06

Fig. No. 29.In-vitro dissolution study F10
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Table No.34: Dissolution profile of formulation F11

120

Time in minute Cumulative Percent
Drug Release(%)

0.0 0

5.0 66.11
10 73.19
15 78.78
20 84.07
25 91.23
30 97.49

Fig. No. 30.In-vitro dissolution study F11
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Table No.35: Dissolution profile of formulation F12

120

Time in minute Cumulative Percent
Drug Release(%)

0.0 0

5.0 66.75
10 73.85
15 79.11
20 84.50
25 91.73
30 98.01

Fig. No. 31.In-vitro dissolution study F12
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Table No :36 Comparative dissolution study F 1 — E2 .

TIME | F1 F2 F3 F4 F5 F6 F7 F8 F9| F10 F11 F1p

0 0 0 0 0 0 0 0 0 0 0 0 0

5 68.30 68.30| 49.80| 50.5 | 67.13 67.14| 67.61| 67.80| 67.01| 67.73| 66.11| 66.75

10 74.02 74.06| 53.82| 54.27| 73.48| 73.50| 73.50| 74.04| 70.23| 70.91| 73.19| 73.85

15 79.01 79.13| 60.06| 78.08| 78.88| 78.87| 78.87| 79.75| 77.45| 77.91| 78.78| 79.11

20 85.19 85.16| 71.85| 84.39| 83.17| 83.15| 83.15| 84.96| 83.76| 84.01| 84.07| 84.50

25 92.14 92.18| 74.97| 90.98| 91.53| 91.50| 91.50| 92.80| 91.78| 92.14| 91.23| 91.73

30 99.91 99.93| 80.21| 97.28| 98.17| 99.15| 99.15| 99.50| 98.06| 97.49| 97.49| 98.01

Fig. No. 32. Comparative dissolution study of F1 t&12

120

——F1
100 —|-F2
—A—F3

F4
—¥—F5

—o—F6
——F7

=—F8
F9
——F10
=i—-F11
! F12
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7.8.12. KINETIC STUDY OF OPTIMIZED FORMULATION

In-vitro release data was flatted in different kinetic madal given in table

37 and figure 33 to 36.
Table No: 37
Time Log JTime | Cumulative Log Cumulative Log
time % drug | cumulative| % drug cumulative
release % drug remained % drug
release remained
0 0 0 0 100 2
0.697 | 2.23675 62.61 1.7963 37.29 1.5715
10 1.0 3.16 69.84 1.8442 30.16 1.4794
15 1.176 3.872 75.22 1.8763 24.77 1.3939
20 1.301 4.471 81.31 1.9101 18.69 1.2716
25 1.396 5.00 87.34 1.9412 12.64 1.102p
30 1.477 5.477 93.73 1.9717 6.26 0.796b

Table No. 37 Kinetic data of Optimized Fomulatidh F

Fig. No. 33 : ZERO ORDER

120

100

80

ZERO ORDER

O}
2
o
(@]
|_
T
O
% L 60
o
Lg '6':-' Y =2.173X + 33.22
= 0 R?2=0.723
<
-
D 20
=
]
© 0e
0 5 10 15 20 25 30 35 40
TIME (HRS)
Dept. of Pharmaceutics 95 J.K.K. Nattraja College of Pharmacy



Chapter 7 Results and Discussion

Fig. No. 34 : FIRST ORDER

FIRST ORDER
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Fig. No. 35 : HIGUCHI
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Fig. No. 36 : KORSEMEYER PEPPAS PLOT

KORSEMEYER PEPPAS PLOT
2.5

15

Y =1.174X + 0.406
R2=0.795

0.5
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RELEASE

0 0.2 04 06 08 1 1.2 1.4 1.6 1.8
LOG TIME

The above studies showed that the drug releasmw®liirst order kinetics.
7.9. STABILITY STUDY

Optimized formulation (F2) was subjected to staépilstudies at 4@+
2°c/75% RH #5 % for 90 days. The product was evatlidte appearance and
hardness, friability, disintegration. Drug releatedies were conducted as per the
planned scheduled as above.

7.9.1. Descriptions:
Table No0.38: Description

Storqge Test Observation Inference

condition

RT Descriptions No change of color in aIComp!les with stability
strengths condition

40°C + 2°C/ Descriptions| NO change of color in all Complies with stability

75% RH P strengths condition
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7.9.2. Stability parameters of formulation F2 stord at 40°C + 2°C/ 75% RH

The results were illustrated in following table 38.

Table No.39:
Sr. Parameters Initial 30 days 60 days 90 days
No.
1 % Friability 0.274 0.271 0.270 0.273
2 Hardness (kg / cth 3.0 2.7 3.1 3.2
3 Drug Content (%) 100.01 99.13 98.51 98.21
4 In-Vitro Disin.
Time(Sed) 38 41 42.24 44.11

All results complies with the stability condition
7.9.3 In-vitro Dissolution study
It was done as per procedure given in material ragthod part. The results were
illustrated in following table no. 45.
Storage Condition at 46C + 2°C

Table No0.40:1n-vitro dissolution study

Percentage Drug Release After 30 minutes

Initial (0 Days) 30 Days 60 Days 90 Days

Formulation
(F2)

99.83 99.24 98.84 98.40

The results showed that there was no significamingh in physical and

chemical parameter of the tablet, hence the fortimlavas found to be stable.
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120 ~
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Fig. No. 37:1n-vitro dissolution study F2 dissolution study
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8. SUMMARY AND CONCLUSION

SUMMARY

In the present study immediate release drug dglisgstem of nebivolol
were successfully developed in the form of mousisadlving tablets with improved
dissolution characteristic by forming solid dispenswith PEG 6000, which offers a
suitable and practical approach in serving desitgéctive of faster disintegration
and dissolution characteristics with increase hkadability. Immediate release
tablets of nebivolol were prepared by using natuglperintegrants like
microcrystalline cellulose, croscarmellose sodiwwmgspovidone, sodium starch

glycolate and their combination as superdisinteigtan

Superdisintegrants work as an auxiliary or ascditator of the flowability
and compressibility of the mixture and contribuddhe fast dispersion of the tablet,

due to its high solubility in water.

For the nebivolol formulation, batch No. 2 was s&0 as it has
disintegration time around 5-35 seconds and has®®&¥g/Cni. IR spectra of drug
with other excipients has not shown any interactod also selected formulation

was stable after stability studies.
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CONCLUSION

The solubility and dissolution rate of nebivolol ncdbe enhanced by
formulating SDs of nebivolol with PEG 6000.The dmlization effect of PEG 6000,
reduction of particle aggregation of the drug, fation of microcrystalline or
amorphous drug, increased wettability and disp#itgiband alteration of the
surface properties of the drug particles might bsponsible for the enhanced
solubility and dissolution rate of nebivolol froms iISD and to some extent in PMs.
No endothermic peak of nebivolol was present it with PEG 6000 suggesting
the absence of crystalline nebivolol. From FTIRctpescopy, it was concluded that
there was no well defined chemical interaction leemvnebivolol and PEG 6000 in

SDs and in PMs, as no important new peaks couttbberved.

The identical composition of Superdisintegrantsvetm that a substantial
shorter time require for disintegration can be wi@d and immediate release tablet
were prepared. The nebivolol immediate releasestelfl2) showed 68.30% drug

release within first 5 min. and 99.93% drug releagh in 30 min.

The results showed that the formulation satisfiled objective of fast
disintegration, dissolution, % friability, hardnessetting time, water absorption

ratio, ease of administration and safety.

Success of the present study recommends a detautedtigation in tan-

vivo studies for its effective use in clinical practice
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