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Pharmaceutical innovation and research are putting more and more emphasis on
delivery methods that maximise therapeutic outcomes while minimising negative
effects. One of the cutting-edge subfields of controlled medication administration is
the oral drug delivery system. The most significant benefit of such a dose form is
patient compliance. Sustained release dosage forms are designed to release a
medicine at a set rate in order to keep the drug concentration constant for a set
amount of time with the fewest side effects. By eliminating fluctuations in the
therapeutic concentration of a medicine in the body, sustained release formulations
are also offering a promising technique to reduce side effects of medication.

© IDAAM Publications All rights reserved

INTRODUCTION

The oral route of administration is the greatest of
all the drug administration routes. This is due to
benefits such as low manufacturing costs and
ease of usage, administration, and so on. Many
studies on rapid and unique delivery have been
conducted over the years. Long years ago any
drug delivery system's goal is to achieve a
therapeutics at a precise location to keep the
desired drug concentration [1l. To release drugs
over an extended period of time the oral drug
delivery method is the mostly used route of
administration among all the options for
systemic drug delivery via various routes that
have been investigated. The route's popularity
may be due to its ease of administration and its
the conventional idea that by administering the
medicine orally. The drug's effectiveness is
linked on how well it is absorbed into the food
that is consumed every day (Howard and Loyd,
2005). S.R. (sustained release)/(Since their first
appearance.) Controlled dispersion (C.R). Among
all the ways that have been investigated for the
systemic distribution of pharmaceuticals via
diverse pharmaceutical products of varied dose
forms, oral drug delivery has long been
recognised as the most frequently used route of
administration. The majority of pharmaceutical

experts nowadays are working to create the
ultimate DDS [2l. The benefit of a single dose for
the length of treatment would be a feature of the
ideal system, as would direct medication delivery
to a specific location. Scientists have succeeded
in creating a system that comes close to being
ideal, and this inspires them to create controlled
release systems. The primary goal of the design
of an oral sustained drug delivery system (DDS)
should be to increase predictability and
reproducibility in the control of drug release,
drug concentration in the target tissue, and
optimization of a drug's therapeutic effect by
regulating its release in the body with a smaller
and less frequent dose. Regular administration of
a therapeutic agent that has been prepared to
maintain its stability, activity, and bioavailability
is a common component of conventional

pharmacological therapy. The majority of
medications can be successfully formulated using
traditional procedures. Some medications,

however, must be localised to a specific place in
the body, have a narrow therapeutic range,
exhibit extreme solubility issues, and call for
tight adherence or long-term administration. In
these situations, a continuous drug
administration approach is preferred to maintain
constant plasma drug levels Bl. By localizing the
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drug to the site of action, lowering the dosage
needed, or ensuring consistent drug delivery,
sustained or sustained delivery systems aim to
reduce the frequency of dosing or increase the
effectiveness of the medicine. Therefore, a
sustained release dosage form is a dosage form
that releases one or more medications
systemically or to a specific target organ
continuously in a predetermined pattern for a set
amount of time. Greater control over plasma
drug levels, reduced dosing frequency, less
adverse effects, and enhanced effectiveness are

all provided by sustained release dosage forms
[4],
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Figure 1: Drug plasma concentration- time
profile4

Advantages [ ¢l

e Medicinal concentrations keep the rate at the
same levels.
Blood drug concentration is constant.

e Reduction in the dosage's administration
frequency.

e Cost-effective and easy to manufacture [51,

e Accumulation of drug is reduced as the
frequency of Administration is less.

e The deficiency in treatment can be improved.

e Compliance problems of the patients are
reduced.

e Bioavailability should be increased while
local side effects should be minimized [6l.

Disadvantages [7 8l

e When compared to traditional dose forms,
the cost of manufacture is expensive, and the
poor in vivo and vitro correlation [71.

e The potential of first-pass metabolism has
grown (81,

Classification of Sustained Release
Formulations: [9-12]

1. Dissolution Sustained Systems:

For medications with high water solubility, a
substance that naturally keeps the medication
from dissolving quickly while also sufficiently
reducing the pace at which salt or a derivative is
formed. In general, these gadgets are utilized in
Enteric-coated dose forms are processed.
Stomach protection from medication side effects
A coating that dissolves in natural or alkaline
water, similar to aspirin, is used. It causes a
drug's release to be delayed. Release from the
dosing process until the intestine's pH falls
below 7 191,

2. Diffusion Sustained Release [10I:
The passage of drug molecules from a higher
concentration to a lower concentration is
referred to as a diffusion sustained system. The
formula for calculating drug flow is:

J=-Ddc/dx

D = diffusion coefficient in area/time
dc/dx = change in concentration 'c' with distance

3. pH- Independent Formulations:

Maintain the constant pH, help to make pH
independent drug release substitutes such as
amino acid salts, citric acid, phthalic acid,
phosphoric acid and tartaric acid applied to the
formulation. Preparation of buffered sustained
release formulation is generally done by
combining a simple or acidic product with a
single or more buffering agents, granulating with
suitable pharmaceutical excipients, and covering
with permeable film forming polymer with
gastrointestinal fluid 111,

4. Ion Exchange:

By using ion exchange resin for continuous drug
delivery is appealing because drug release is
largely determined by the ionic environment of
drug-containing resins and is less affected by
environmental factors. Zero order release
kinetics can be affected by factors such as
enzyme concentration and pH at the absorption
site.

5. Changed Density:

Because not all of the drug contents are released
in the GIT, the usage of the medication is limited.
To overcome this, several approaches to increase

the resident time in the GIT have been devised
[12],
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Factors Influencing Design and Act of SRI5 13,
14, 20];

1) Biological Factors:

a. Half-life:

The usual goal of an oral SR product is to
maintain therapeutic blood levels over an
extended period of time. To achieve this, drug
must enter the circulation at approximately the
same rate at which it is eliminated. The
elimination rate is quantitatively described by
the half-life (ti2). Each drug has a unique
characteristic elimination rate, which is the total
of all processes that permanently remove the
drug from the bloodstream, including
metabolism, urine excretion, and all other
processes. Therapeutic compounds with short
half-life are generally are excellent candidate for
SR formulation, as this can reduce dosing
frequency. In general, drugs with half-lives
shorter than 2 hours like furosemide or levodopa
are poor candidates for SR preparation.
Compounds with long half-lives, more than 8
hours are also generally not used in sustaining
form, since their effect is already sustained.
Digoxin and phenytoin are the examples [5. 201,

b. Absorption:

The rate of release must be substantially slower
than the rate of absorption because the goal of
creating an SR product is to exert control over
the delivery system. The maximum half-life for
absorption should be around 3-4 hours if we
consider that most medications transit through
the GI tract within 8-12 hours. Otherwise, the
device will leave the potential absorptive regions
before the drug release is finished [131.

c. First Pass Effect:

Drugs with a significant first pass impact have a
slower release rate. The bioavailability is
impacted by the delayed release rate [141.

d. Adverse Effects:

The drug release may be prolonged, which could
result in unwanted side effects. Because their
activity is already long-lasting, compounds with
large half-lives (more than 8 hours) are rarely
used in sustaining form. Examples include
phenytoin and digoxin [5. 201,

2) Chemical and Physico-Chemical Properties
a. Molecular Size and Diffusivity:

During its duration in the body, a medication
must disperse through a number of biological
membranes. Many extended-release methods

require medications to pass through a rate-
controlling polymeric membrane or matrix in
addition to biological membranes. A drug's so-
called diffusivity (diffusion coefficient D), which
refers to its capacity to disperse through
polymers, depends on the molecular size of the
drug (or molecular weight).

LogD =-svlogu + kv = -sMlogM + km

It can be used to empirically connect log D to
some function of molecular size for the majority
of polymers [131,

b. Aqueous Solubility:

The quantity of a substance still in solution in a
given volume of a solvent that also contains
undissolved substance is known as its solubility.
[t is a compound's thermodynamic characteristic.
The amount of drug in the G.I. tract's solution, or
the drug's intrinsic permeability, determines the
fraction of the drug that is absorbed into the
portal blood. A drug needs to dissolve in the
aqueous phase near the administration site
before partitioning into the absorbing membrane
in order to be absorbed. A drug's aqueous
solubility affects its rate of dissolution, which in
turn determines its concentration in solution
and, consequently, the force that propels
diffusion through membranes. The Noyes-
Whitney equation demonstrates that aqueous
solubility and dissolution rate are connected [14],

c. Partition Coefficient:

Partition coefficient is referred to as the drug's
fragment in the neighboring aqueous phase from
the oil phase. Drugs that pass across biological
membranes may have a higher bioavailability if
the partition coefficient of the drug alters the
membrane's hydrophobicity. For oral controlled
release drug delivery systems, drugs with lower
partition coefficient are unacceptable, whereas
drugs with higher partition coefficient are
likewise unacceptable. Because once they enter
the lipid membrane they cannot be partitioned
out of the membrane [20],

Polymers used in Sustained Release
Formulation [18-24];

The use of polymers is growing in significance
for medication delivery. Polymers are used in
pharmaceutics for a variety of purposes, from
tablet binders to viscosity and flow regulators in
liquids, suspensions, and emulsions (18],
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Table 1: Characteristics of sustained release drug suitable for formulations [15]

Parameters

Criteria

Molecular size

Aqueous Solubility

Apparent partition coefficient
Absorption mechanism

General absorbability from all GI segments

<1000 Daltons

More than 0.1 mg/ml for pH 1 to pH 7.8
High

Diffusion

Releases should not be influenced by pH and enzymes

Table 2: Pharmacokinetic parameters for drug selection [16.17]

Parameters

Comment

Elimination half-life

Absolute bioavailability

Absorption rate constant (Ka)

Apparent volume of distribution (Vd) required for design
Total clearance

Elimination rate constant

Therapeutic concentration (Css)

Toxic concentration

Between 2 to 8 hrs

Should be 75% or more

Must be higher than release rate

Larger Vd and MEC, Larger will be the required dose
Not depend on dose

Required for design

The lower Css and smaller Vd, the loss among of drug
required

Apart the value of MTC and MEC safer the dosage form

Polymers can be employed as film coatings to
improve drug stability and change the
characteristics of drug release while masking a
drug's unpleasant taste. Examples of polymers
are [191:

e Polyethylene glycol (PEG)
Polyvinyl alcohol (PLA)
Polyacetic acid (PLA)
Polyglycolic acid (PGA)
Polyanhydrates
Tragacanth
Cellulose acetate
Guar gum
Xanthangum

Features of an Ideal Polymer System [25-31];

» It ought to be adaptable and have a variety
of mechanical, physical, and chemical
qualities.

» It should be non-toxic and have good
mechanical strength and should be easily
administered.

» It should be inexpensive and easy to
fabricate.

» It should be inert to host tissue and
compatible with environment.

The Selection of Polymers was based on a Set
of Criteria [32-36];
» The polymer should be soluble and simple
to work with synthesis.
» Its molecular weight should be limited.

» It must be compatible with biological
systems environment.

» It ought to be biodegradable.

» It should be able to create strong drug
polymer linkage.

CONCLUSION

The goal of a sustained release drug delivery
formulation is for the medicine to release at the
optimum rate over time. A long length of time in
order to keep the therapeutic concentration in
blood plasma at the moment, the For long-term
release, use the oral method of administration.
More people are aware of the medicine delivery
technique. Lower dose due to limited flexibility a
higher frequency of use, and a higher level of
patient compliance The design of a sustained-
release medication delivery system for oral
administration system is influenced by a number
of factors, including drug's physico-chemical
characteristics, type of drug mechanism of
delivery, ailment being treated, and patient
condition, length of treatment, and existence of
Food, gastrointestinal motility, and drug
interactions are all factors to consider. We can
come to a conclusion.

The low cost of an oral sustained release drug
delivery system has made it easier to replace oral
conventional drug delivery systems on the
market. Moreover the low cost of an oral
sustained release drug delivery system has made
it easier to replace oral conventional drug
delivery systems on the market.
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