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ABSTRACT

Sustained Release is also a promising method for reducing medication side effects by preventing the therapeutic concentration
of the drug from fluctuating in the body. The basic rationale of a sustained drug delivery system is to optimise a drug's
biopharmaceutical, pharmacokinetic, and pharmacodynamic properties in order to maximise utility, minimise side effects, and
cure the disease. The drug release rate is regulated by the matrix. HPMC and other release retardants can help with sustained
release, so they are used as a key excipient in the formulation. The method entails compressing a mixture of medication,
retardant material, and additives directly to shape a tablet with the drug embedded in a retardant matrix core; instead,
granulation may be done prior to compression. Hydrophilic, hydrophobic, mineral, and biodegradable matrices may be used. To
assess the drug release rate, in-vitro dissolution tests may be used. The primary goal of continuous release types is to improve
drug therapy, which is determined by the relationship between the advantages and disadvantages of using one.
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INTRODUCTION fixed rate while retaining a constant drug level for a set
period of time with the least amount of side effects. The

ustameereleas_e pharmutlcals_ have be_cpme a Very pasic premise o& controlled release drug delivery system
valuable tool in medical practice, providing patients.

. : . . . IS to maximize a drug's utility by d¢mizing its
with a wide variety of real and perceived benef'ts'biopharmaceutical, pharmacokinetic, and

in rel i | romising w. r ; X . .
Sustained release is also a promising way 1o educ%armacodynamlc properties, side effects are eliminated,

med|cat|on side effect_s by stopping the therapeutlgnd the disease is cured or controlled in the shortest time
concentration ofhe drug in the body from fluctuating. The ossie by using the smallest amount of medication

traditional d_osage types of drugs.are mpreasmgly pem elivered by the most appropriate rofite.
phased out in favor of modern and innovative drug delivery

systems .In  modern therapeutics, the controlle@&ustain release:

release/sustained release dosage forms have beco

. : g:ustainedelease pharmaceuticals have become a very
extremely popular. The matrix system is a release syste

that prolongs and controls the release of a drug that hE\i/glluable tool in medical practice, providing patients with a

been dissolved or dispers&the oral route is the most wide variety of real and perceivedrigits.

common route for drug administration, owing to its ease oDral sustainedrelease matrix dosage type objectives

use and the fact that is the least expensiv@he term f To maintain a constant drug concentration for a
"Drug Delivery" encompasses a wide range of techniques  specified period of time.

used to deliver therapeutic agents into the human body.q As opposed to traditional drug forms, to minimize the
Drug administration's ultimate goal is to cure patient number of doses administered.

ilinesses. Drugs are never given in their pure formgmd;, 1 It should carry the active ingrediedirectly to the site
they are transformed into a suitable formulafiBostained of action, with minimal or no side effects.

release dosage forms are designed to release a drug at a

ISSN: 2320-4850 [112] CODEN (USA): AJPRHS


http://ajprd.com/
http://dx.doi.org/10.22270/ajprd.v9i3.954

Mehta et al

Asian Journal of Pharmaceutical Research and Development. 2021; 9(3): 112-117

1 This may necessitate targeting specific receptors arever zereorder. The regulated drug delivery systems are

localization to specific cells or body regions.
Potent drugs' safety margins can be improved.

= =

systemic adverse side effects can be reduced.
Advantages

1 Intakes are being reduced in frequency
1 Side effects should be minimised.

9 Drug release that is consistent over time.
1 Patient compliance is improved.

Disadvantages

1 It does not allow foa quick end to therapy
1 Dose change versatility is restricted.

1 The average biological hdife is used to design these

dosage types.
1 They are pricey.

Toxic Range

/-\Zero Order Release Therapeutic Range Arbitrary
L) Therapeut

[/ Nustained Release Range
Immediate
Release
Subtherapeutic Range

Time

Plasma Constration

Classification of sustained release drug delivery

systent?

Classification of oral Sustained or Contedll Release

In sensitive patients, the incidence ofttbdocal and

based on the diffusion of a drug molecule through a
polymeric nembrane.

b. Dissolution-controlled release systems:

Dissolutiorrcontrolled release can be achieved by slowing
the dissolution rate of a drug in the GI medium,
incorporating the drug in an insoluble polymer, and coating
drug particles or granules with poheric materials of
varying thicknessThe rate limiting step for dissolution of a
drug is the diffusion across the aqueous boundary layer.
The solubility of the substance provides the source of
energy for drug release, which is countered by the stagnant
fluid diffusional boundary layer. The following equation
can be used to approximate the rate of dissolution (dm/dt):

dm/ dt = ADS/ héééé. (1)
Where,
A = Surface area of the dissolving particle or tablet

D = Diffusivity of the drug S = Aqueous solubility of the
drug

h = Thickness of the boundary layer
The two types of dissolutieoontrolled release are:
Matrix (or monolith) dissolution controlled systems

The medication is suspended in an insoluble matrix of
swellable hydrophobic or hydrophilic materials.

Resenwir dissolution controlled systems

This mechanism is hollow, with an inner drug core encased
in a waterinsoluble polymer membrane.

Systems The controlled release systems for oral use are
mostly solids and are controlled by dissolution, diffusion,
or a combination of both mechanisms. Based on how drugs

are published, these systems are listed as follows:

1. System of continuouslease

2. Mechanisms of delayed transit and continuous release

3. Systems with a delayed release

1. Continuous release systems:

Through standard transportation of the dosage type,

L .Matrix system

b
po_wm(.er

drug

time - 0 time -t

continuous release systems release the drug for a prolonged

period of time overhe entire length of the gastrointestinal
tract. The following are the different systems that fall into

this category

a. Diffusion controlled release systems
b. Dissolution controlled release systems

c. Dissolution and diffusion controlled release systems

d. lon exchange resinlrug complexes

e. pHindependent formulation

f. Osmotic pressure controlled systems.
a. Diffusion controlled release systems:

i L ,Reservoir System
1 Rate controlting—
i steps :
Pelymeric content in
coaking, thickness of
- costing, hardness of
P microcapsule

1

RESERYONA 005

293 P
Pats-contoiing memtraw Pax

comtant fnchoens (x}, vy T
X 24 k8 comticadt ' 0

The ratelimiting step in these systems is the diffusion of

dissolved drug through a polymeric barrieBince the
diffusional path length increases over time as the insoluble
matrix is steadily depleted of drug, the drug release rate is
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c. Dissolution and diffusion controlled release systems 1 Intestinal release systems

The drugcentre is encased in a partially soluble membrane T Colonic release systems.

in such systems. Pores are formed when sections of tRerious Mechanisms of Medicament Release

membrane dissolve, allowing aqueous medium into the = L

centre and thus drug dissolution, as well as the diffusion drPiffusion is rate limiting:

dissolved drug out of the system. Diffusion is the process by which drug molecules travel
from a high concentration in the tablet to a lower
concentration in the gastro intestinal fluids. This movement
It is based on the formulation of a drugsin complex that is determined by the amount of surface area exposed to
forms when an ionic solution comes into contact with ionigastric fluid, the diffumn pathway, the drug concentration
resins. The drug in this complex is exchanged in thgradient, and the system's diffusion coefficient. We may
gastrointestinal tract and released when theemniexcess of yse any of the two approaches in operation.

Na+ and Cl present in most cases, an insoluble cross linked . ) . .

polymer resin is used in this system. They have a salf "€ drug is formulated in an insoluble matrix:

forming function group in a polymer chain that repeats.  The drug is released through diffusion after the gastric fluid
penetrate the dosage form and dissolves the medication

d. lon exchange resindrug complexes:

e. pH-independent formulation:
The drug particles are coated with a given thickness
olymer, allowing a portion of the drug to slowly diffuse

rough the polymer and retain a constant drug level in the

Because the majority of drugs are wealkds or bases, their
release from sustained release formulations is- pI—P
dependent. However, a buffer can be added to tHB
formulation, such as citric acid salt, amino acid, or tartari@loodstream.

acid, to help maintain a constant pH by delaying- pHpissolution is rate limiting:

dependent drug relea. Mixing a simple or acidic drug ) .

with one or more buffering agents, granulating withDrUgsf vylth low vyater solubility (BCS cla_ss Il and IV) have
sufficient excipients, and coating with gastrointestinal fluig@ Puiltin sustained release mechanism. Watduble
permeable film forming polymer results in a buffer retainmedications, on the other hand. It is possible to use a water
release formulation. As gastrointestinal fluispes through [nsoluble carrier to avoid drug dissolution when the drug
the membrane, the buffering agent changes the pH of tfparticles are coared with this form of material, such as

fluid within, resulting in a steady rate of drug absorptionPolyethylene glycol. Polyethylene Glycol is a type of
release. plastic. To support delayed release, it is possible to forego

the use of a disintegrating agent.

f. Osmotic pressure controlled systems: i . Lo
_ _ Osmotic pressure is rate limiting:
A semipermeable membrane is placed around the tablet,

particle, or drug solign to allow water to enter the tablet, OSMOSIS is & process in whigiquid flows from a lower
with drug solution eventually being pumped out through &oncentration to a higher concentration through a
small delivery aperture in the tablet centered. The following€Mipermeable membrane that allows only liquid to pass
are two types of osmotic presswentrolled systems: a. hrough. The entire drug is covered with a semlpermeable
With drug b, Type 1 has an osmotic cofgpe 2 contains membrane, with a laseut hole on one end of the pill.

the drug in a flexible bag with an osmotic core surroundingatrix Tabl ets

it. By optimising the formulation and processing factors, an ) _ o ) ) .

osmotic system can be developed to deliver a variety gihe active and inactive ingredients in a matrix system are

drugs at a predetermined rate. homogeneously dispersed and mixed in the dosage form.
_ _ The matrix systems are by far the most popular oral
Delayed transit and continuousrelease systems: extended release technology, and their popularity can be

These systems are designed to keep them in the Gl tract fjffibuted to a number of faws. Fick's first law of
a longer period of time after they have been written. Thigiffusion —governs the release of matrix type
category includes mucoadhesive and -kiased systems formulationsMatrix systems are commonly used to achieve

which are designed to detain in the stomach and therefol@ng-term release. It is the release system that controls and

containa medication that is stable at gastric pH. prolqngs the rele_ase of the d_issolved or dispersed drug. A
matrix isa welkmixed composite of one or more drugs and
Delayed release systems: a gelling agent, such as hydrophilic polymersThe sustained

Drug release is limited to a specific position in the GIT dud€/éase ~approach allows for therapeutically efficient

to the nature of such systems. The following drugs can HFcumulation in the systemic circulation over a longer
contained in such a device: period of time, resulting in greatertgnt compliance.

Classification of Matrix Tablets:*?

1 Known to cause gastric distress

9 Destroyed On the Basis of Retardant Material Used: Matrix tablets can
1 Meant to extent local effect at a specific Gl sit be divided in to 5 types

1

Absorbed from a specific intestinal site The two types
of delayed release systems are:
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Hydrophobic Matrices (Plastic matrices): Mineral Matrices:

In 1959, the idea of using hydrophobic or inert materials ashese are made up of polymers derived from different
matrix materigs was introduced for the first time. The drug seaweed plants. Alginic acid, for example, is a hydrophilic
is mixed with an inert or hydrophobic polymer and thencarbohydrate derived from algae.

compressed into a tablet in this method of obtainin . . 14

sustained release from an oral dosage form. The diss;olvigr%%j1 the Basis of Porosity of Matrix

drug diffuses through a network of charmehat exist In this the drug molecules diffuse acro$e tmatrix and
between compacted polymer particles, resulting iproduce sustained release. The matrix is further divided into
sustained release .Polyethylene, polyvinyl chloride, ethy3 types.

cellulose, and acrylate polymers and copolymers ar
examples of materials that have been used as inert
hydrophobic matrices. This type of matrix has pores that are larger than the
diffusant molecule dimension, ranging from 0.1m to 1m.
Drug permeation occurs through thesegsoin this type of
Lipid waxes and other materials were used to create thesgstem.

matrices. Both pore diffusion and erosion are used t
release drugs from these matrices. As a consequence,
structure of digestive fluid is more susceptible to releasBrug molecules pass into pores with diameters ranging
characteristicshtan a completely insoluble polymer matrix. from 50 to 200 microns.

Carnauba wax has been used in several continuous releﬁe )
formulations in conjunction with stearyl alcohol or stearic \O"-POrous systens:

acid retardant base. There are no pores in these structures. Molecule diffusion is
mediated by network meshes. The polymeric phés
present, but there is no pore phase

&,acro porous systems:

Lipid Matrices:

qu:ro porous systems:

Hydrophilic Matrices :

Because of their versatility in achieving a desiredgd
release profile, cost effectiveness, and strong regulato
acceptance, hydrophilic polymer matrix systems arghe drug in the bathing solutieexposed outer layer
commonly used in oral regulated delivery. The preparatiotlissolves first, then diffuses out of the matrix. The interface
of medicines in gelatinous capsules or, more ofterhetween the bathing solution and the solid drugves
tablets.In the field of contrad release, using hydrophilic toward the interior as this step progresses. The following
polymers with high gelling capacities as base excipients igssumptions are made during the creation of the
of particular interest.Infecting a matrix is a welixed  mathematical model that will be used to explain this
composite of one or more drugs with a gelling agensystem:

(hydrophilic polymer). These systems are known as i i o
swellsble controlled release systems. Hydrophilic matrice) Puring drug release, a pseusteady state is maintained;
are made from three different types of polymers. b) the diameter of thelrug particles is smaller than the
average distance of drug diffusion through the matrix.

Mechanism of Drug Release from Matrix Tablet*?

Cellulose derivatives

Sodium carboxymethylcellulose; Methylcellulose 400 and ¢) The bathing solution maintains sink conditions at all
4000cPs; Hydroxy ethyl cellulose; Hydroxy propyl  times. The system's release behaviour can be
methylcellulose (HPMC) 25100, 4000, and 15000cPs; and mathematically explained using the equation below.

Hydroxy propyl methyl cellulose (HPMC) 25, 100, 4000,
and 15000cPs dM/dh=Co.dh-Cs/ 2 éééeeéé (2)

. . Where,
Non cellulose natural or semi synthetic polymersAgar-

Agar; Carob gum; Alginates; Molasses; Polysaccharides &V = Change in the amount of drug released per unit area
mannose and galactose, Chitosan and Modifiedtises dh = Change in the thickness of the zone of matrix that has
Biodegradable Matrices: been depleted of drug

These are polymers that are made up of monomers joineg, = Total amount of drug in a unit volume of matrix Cs =

together by functional groups and have a backbone with aftyrated concentration ofetidrug within the matrix.
unstable linkage. They are biologically degraded or eroded

into oligomers and monomers that can be metabolared Additionally, according to diffusion theory:
excreted by enzymes generated by surrounding living c_elgaM = (DM. CS/h) Aovrerrerrrerereennn. 3)
or by no enzymatic processes. Natural polymers like
proteins and polysaccharides, as well as modified naturdyhere,
polymers and synthetic polymers like aliphatic poly (estersyy, = piffusion coefficient in the matrix.
and poly anhydrides, aesxamples.

h = Thickness of the drudepleted matrix

dt = Change in time
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By combining equatio 1 and equation 2 and integrating: A Sol ubi l ity of the drug
M = [Cs. Dm (2Co 1Cs) t] Differeat®dyénér£Uséddn)Sustained Release DDS
When the amount of drug is in excess of the saturatioHydrogels:Polyhydroxy ethyl methyl acrylate (PHEMA)
concentration then: Crosslinked polyvinyl alcohol (PVA) ,Crosslinked
M = [2Cs.Dm. Co.t] 1/2 éé épglgvigyépé/réolid?ng SPVP,) Polyethyleneoxide (PEO)

Soluble PolymersPolyethylene glycol (PEGjolyvinyl

The sum of drug released is related to the squae of . .
N : . alcohol (PVA) Polyvinyl pyrrolidone (PVP), Hydroxy
time in equations 3 and 4. As a consequence, if a systempl%pyI methyl cellulose (HPMC)

primarily diffusion regulated, a plot of drug release vs.
square root of time is expected to yield a straight line. Biodegradables  PolymersPolylactic aad  (PLA),
porous monolithic matrix allows drugs to be Polyglycolic acid (PGA) Polycaprolactone (PLA)
released.involves drug penetrationdissolution, and Polyanhydrides

leaching out of the drug through tortuous interstitial

channels and pores all at the same time. In the case of drN n-Biodegr_adebIe quymers:Ponethylene vinyl acetate
release from a porous or granular matrix, the volume an A)Polydimethyl siloxane (PDS)Polyetherurethane

duration of the openings must be taken into account: EU), Polyvinyl chioride (PVC)

M = [Ds. Ca.p/T. (2Coip. Ca) t ] 1/ 2 éé g/ILécgadhe?a/ﬁ 8e|Polymers: Polycarbophil  Sodum

Carboxyme luloséPolyacrilic acid Methyl cellulose
Where, Factor affecting of sustained release drug delivery
p = Porosity of the matrix systent!2©7]
t = Tortuosity Biological Factors
Ca = solubility of the drug in the release medium Biological half-life:
Ds = Diffusion coefficient in the release medium. Shorthalf-life therapeutics are ideal candidates for

sustaineetelease formulatios because they can minimise

T = Diffusional path length dosing frequency.

For pseudo steady state, the equatiam be written as:

~ Absorption:

M = [2D.Ca .Co ( p< ol ! the gbgo?pﬁoﬁ fats COnstaer Zs ?afictitious rate constant that
The total porosity of the matrix can be calculated with theshould be the drug's release rate constant from the dosage
following equation: form. Sustainedelease preparations may be detrimental to

_ + CalJ +C / absorptions jfa, drug is ab 26{ ed by active transport or if
p = pa a } & } € Xyafspoft i€ fetrictéd %o ag ticular region of the intestine.
Where, Metabolism:
p = Porosity Slowerreleasing dosage types can have poorer

} = Drug density bioavailability for drugs that are substantially metabolised
before absorption, eithemithe lumen or tissue of the

pa = Porosity due to air pockets in the matrix intestine. The majority of intestinal enzyme systems are

} ex = Density of the water soluble excipients saturable. Since the drug is released at a slower rate in these
B ) . areas, there is a lower overall dose. During a particular

Cex = Concentration of water soluble excipients time, the drug is exposed to the enzymatic pssce

For the purpose of data treatmemfjuation 7 can be allowing for a more complete conversion of the drug to its

reduced to: metabolite.

M = k. t 1/2 ééééééeééé. ( 9Distribution:

Where, Drugs with a large apparent amount of distribution, which

affects the rate of drug removal, are poor candidates for the

k = a constant, so that the amount of drug released versyg| SR drug delivery system, for example. Gbtpine is a
the square root of time will be linear, if the release of drugedication that is used to prevent malaria.

from matrix is diffusioncontrolled. The following

parameters are Protein Binding:?

Alnitial concentration of drug in the matrix The Pharmacological response of drug depends on drug

A , concentration drug rather than total concentration and all
Porosity drug bound to some extent to plasma and or tissue proteins.

A Tortuosity Proteins binding of drug play a significant role in its

] therapeutic effect regardless the type of dosage form as
A Polymer system forming tg&@nsitinfing*o plasma increase biological -itlf
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and thus sometimes SR drug delivery systemis not requiréd many sustainedelease systems, drugs must diffuse
for this type of drug. through a rateontrolling membrane or matrix. The
molecular size of a drug determines its ability to disperse
across membranes (diffusion coefficient) (or ewnilar
As we all know, the higher the therapeutic index rating, theveight). The importance of diffusivity is influenced
better the medication. Due to technical limitations insignificantly. In polymers, the letter 'D' represents the
control over release speeds, drugs with a lower therapeutiiffusing species' molecular size.

Margin of safety:

index are typically poor candidates for formulation of ANg - bility:
oral SR drug délery system. 2 y:
. . Both acidbase hydrolysis and enzymatic degradation can
,3,6,7,8,12]
Physicochemical factorS occur when drugs are taken orallyysgms that prolong
Dose Size: distribution over the entire duration of transit in the Gl tract

are useful for drugs that are unstable in the stomach.
Compounds that are unstable in the small intestine may
%have lower bioavailability when delivered from a sustaining
dosage type.

A single dose of 0iBL.0 g is generally considered the
maximum for a traditional dosage type. This is als
applicable in the case of lofagting medication
formulations. Another factor to ceitler is the margin of
protection that comes with administering massive doses &fONCLUSION:

a medication with a limited therapeutic range. This review article focuses on the formulation of sustained

lonization, pKa and aqueous solubility: release matrix tablets, patient compliance, and the efficacy

of the dosage form in eliciting the desired therapeutic

The majority of medications are weak ac!ds or bases. Sm?gsponse, as well as problems associated with tradgition
the unchanged form of a drugreferentially permeates dosage forms. The term "sustained release” refers to a

through |C|1F|)ld Iznemlzjr?ﬁes,bthe trelat|on§h|p be:ween.t.tt;?rug's gradual release over time. Sustain released
compounds pra an € absorptive environment IS CritiCag, ., jations can be controlled or uncontrolled.
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