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ARTICLE INFO ABSTRACT
Published: 13 Mar 2026 Modified drug delivery systems are advantageous than conventional drug delivery
Keywords: systems in providing prolonged release of drug, releasing drug at specific site of action,
matrix drug delivery reducing side effects, and reducing frequency of dosing. Modified drug delivery systems
systems, hydrophilic matrix include extended release systems, sustained release systems etc.!?> Extended release
systems, hydrophilic matrix systems are divided into several types in which matrix type is one. In matrix systems,
polymers, hypromellose. several polymers are used to prolong the release rate of the drug. This article briefly
DOL: depicts the polymers used in matrix systems for providing prolonged release rate of drug
10.5281/zenodo.19001719 reducing side effects and providing optimum therapeutic action.

INTRODUCTION 3. Ion-exchange resin-drug complexes.

4. pH dependent formulations.

The delivery of drug at a predetermined rate, at 5. Osmotic pressure controlled systems.

specific site either locally or systemically, for a
specified period of time is defined as Controlled ADVANTAGES OF CONTROLLED DRUG
Drug Delivery. Controlled drug delivery includes DELIVERY:

encapsulating of drug which is released at a
predetermined rate for long period of time.!
Controlled drug release has been attempted to

1. Tailoring of drug release rates.
2. Protection of fragile drugs.

achieve by following classes: 3. Increased patient compliance.

1. Diffusion controlled system:
a. Reservoir type
b. Matrix type.

MODIFIED ORAL DOSAGE FORMS? are the
drug delivery systems where the drug release time
or location or kinetics are modified distinct from
immediate release drug delivery systems. This
reduces the frequency of drug release, side effects
associated with the drug molecule. The

2. Dissolution controlled system
a. Reservoir type
b. Matix type
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maintainance of effective drug concentration in the
bloodstream is achieved through the modified drug
delivery systems by reducing factors of
unpredictable absorption and frequency of dosing.

TYPES OF MODIFIED DRUG DELIVERY
SYSTEMS:

1. Delayed-Release (DR): Drug released at a time
but not immediately. Generally used for protecting
drug from acid of stomach.

2. Extended-Release (ER/XR/SR): Extends the
release of drug which helps in reducing frequency
of dosing. Extended release tablets optimize the
therapeutic action, reduce side effects by releasing
drug gradually upto 24 hours. This drug delivery
systems maintain optimized drug concentration in
the blood stream providing prolonged therapeutic
action.

a. Matrix Systems: Drug is dispersed in
polymeric matrix which helps in extending release
of drug.

b. Membrane Controlled Systems: A special
coating membrane extends the drug release.

c. Osmotic Pumps: Osmotic pressure regulates
the drug release at a constant rate.

d. Targeted-Release: The drug is released at
particular site either locally or systemically.

2. MATRIX SYSTEMS:

A matrix system is the system in which the drug is
dispersed homogenously in polymeric matrix. The
predominant use of matrix systems is to release the
drugs at a predetermined rate at specific site which
provide desired release profiles that achieve
plasma therapeutic levels. In this type of drug
delivery systems, the drug release depends on the
properties of the polymer matrix.
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Advantages of oral matrix systems:

1. Dose dumping and side effects are reduces.
2. Patient compliance.

Disadvantages of oral controlled release

formulations:

1. Expensive equipment is required.
2. [Ifthe formulation is crushed, then the property
of extended release is lost.

3. TYPES OF MATRIX SYSTEMS:?

The matrix system can be divided into five
categories depending on the types of retarding
agents or polymeric materials:

1. Hydrophobic matrix system: Hydrophobic
polymers are generally made of waxes and used
for highly soluble drugs.*

2. Hydrophilic system: Hydrophilic
polymers are those polymers which dissolve in, or

matrix

are swollen by, water.

3. Fat-wax matrix system: A type of lipid based
polymeric matrix system where the drug is
incorporated in the fats or waxes.

4. Biodegradable matrix : The polymeric matrix
where biodegradable polymers are used.

5. Mineral matrix: Inorganic components are used
for encapsulating drug.

3.1 HYDROPHOBIC MATRIX POLYMERS:

The drug is mixed with inert or hydrophobic
polymer. The drug is dispersed through network of
channels which helps in prolonged release of
drug.®

The hydrophobic polymers include:

1. Fatty acids, fatty esters: Ex: stearic acid etc.

2. Insoluble polymers: Ex: ammoniomethacrylate
copolymers (Eudragit RL100, RS 100), ethyl
cellulose etc.

3.2 HYDROPHILIC MATRIX POLYMERS:
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Hydrophilic  matrices do  not undergo
disintegration when delivered to patients, as the
drug is entrapped in the polymeric network at the
particulate level. Hydrophilic polymers are water
soluble or swelling polymers which interact with
water and swell then releases drug.®> Hydrophilic
polymers are important polymers which are used
in different applications like drug delivery, self-
assembly, catalysis. Hydrophilic polymers possess
important properties not only in dissolved state but
also in cross linked state ex: hydrogels. Some
polymers are not water soluble but are water

swellable. Ex: poly (2-hydroxyethyl
methacrylate).

The solubility of hydrophilic polymers depend on
polymer type, molecular structure and

concentration.* Polymers undergo favourable
interactions with water leading to swellabilty or
solubility. Some polymers are hydrophilic on
some stimuli response ex : Some polymers are
hydrophilic at specific pH and hydrophobic at
different pH. The prominent feature of hydrophilic
polymers s its ability to with
biomolecules. The hydrophilic polymers has polar
groups in backbone of molecule prominently
hydroxyl groups, carboxylic groups and amino
groups. The interactions between water and the
polymer leads to solubility and swellability of
polymer. The hydrophilic polymer matrix is a

interact

composite of drug and gelling agent.

ingestion of tablet (as in or in Capsule)

Ingestion of tablet (as in is or in capsule)

continued water
ingression, expansion of
gel layer/polymer
dissolution, drug release
contriloed by diffusion
and erosion

Gel layer

4

=
=

Hydration, gel formation, ﬂ

diffusion

Complete hydration,
continued tablet erosion
and drug release

release

=

Complete drug release
and tablet erosion

Hydrophilic

Hydrophobic

Fig 1. Mechanism of hydrophobic and hydrophilic polymers.*

Water permeates,
drug release via

Continued water
ingression and drug

Complete drug release

Hydrophilic and water-soluble polymers can be
considered as three principal groups : ’

(a) Natural polymers: based on carbohydrates or
proteins, usually of complex chemical structure
(b) Semisynthetic polymers, mainly based on
celluloses (from wood pulp, or cotton linters),
which are reacted with functional chemicals of
petrochemical origin

(c)  Synthetic  polymers, prepared by
polymerization of monomers of petrochemical
origin.

The solubility of polymers depend on the
molecular structure of polymer (molecular chain
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length, amount of intermolecular crosslinking,
number and polarity of side chains).

4. MECHANISM OF DRUG DELIVERY:

There are three primary mechanisms for drug
delivery.
1. Diffusion-controlled release systems
2. Swelling-controlled release systems
3. Chemically controlled or biodegradable
release systems

Diffusion is the mechanism in which the drug is
released through chemical ports or due to the
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concentration gradient. %!°Diffusion of drug to the
external environment takes places through the
pores present in the polymeric matrix. The drug
has to travel long distance to release into the
external environment thus gives prolonged release
time. The polymer matrix doesnot change its size
or its physical properties while releasing the drug.
The polymer matrix is stable in the biological
environment.

Swelling-controlled release systems release the
drug by swelling of polymer. The swelling nature
of polymer is due to the viscoelasticity of
polymer.®*!%The diffusion of drug from swellable
polymer is due to fickian diffusion through the
crosslinks in the polymer. The driving forces for
the release of drug include

1. Water concentration gradient

2. Osmotic pressure

3. Polymer stress gradient

The polymer counterbalances the fickian diffusion
force by hindering the release of embedded drug
thus providing extended release of drug.

Chemically controlled or biodegradable release
systems release the drug by continuously
degrading the polymer through hydrolysis of
polymer matrix.®>!? This results in the release of
drug proportional to the surface area of the drug

delivery system.

5. POLYMERS
TABLETS:

USED IN MATRIX

Depending upon the desired drug profile and the
physiological properties of drug, the polymer is
used for matrix systems.

Polymers used for matrix tablets may be classified

asll

Table 1.

POLYMER NAME

EXAMPLES

1. Hydrogels:

a.Cross-linked polyvinyl alcohol (PVA).
b.Polyethylene oxide (PEO)

2. Soluble polymers:

a. Polyethylene glycol (PEG).
b. Polyvinyl alcohol (PVA).
¢. Hydroxypropyl methylcellulose
(HPMO).

3. Biodegradable polymers:

a. Polylactic acid (PLA).
b. Polyglycolic acid (PGA).
c. Polycaprolactone (PCL).

4. Non-biodegradable polymers:

a. Polyethylene vinyl acetate
(PVA).
b. Polydimethylsiloxane (PDS).
c. Polyether urethane (PEU).

5. Mucoadhesive polymers:

a. Polycarbophil.
b. Sodium Carboxymethylcellulose.
c. Polyacrylic acid.

6. Natural gums:

a. Xanthan gum.
b. Guar gum.:
c. Karaya gum.

5.1 HPMC/ HYPROMELLOSE:

Hydroxypropyl methylcellulose (HPMC), also
called hypromellose, has a cellulosic backbone

U
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that is partly substituted with methoxy and
hydroxypropoxy groups. It has properties such as
enzyme-resistant,  water-soluble  hydrophilic
polymer that is stable over a pH range of 3.0—
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11.0.!2 Hypromellose is an inactive ingredient
used in different formulations like nasal , oral ,
ophthalmic, topical formulations. This polymer is
approved by US Food and Drug Administration.
There are several commercial HPMC grades
available. Based on the type of polymer and its
viscosity of the polymer, it is used in different
formulations for different use. '*The porosity and
the release kinetics of the polymer interprets the
behaviour of the HPMC based systems.
Hypromellose is used to control the release of drug
. Many commercial hypromelloses are identified
by codes.

RO or.

--+-0 o |

OR n

R=H or CH; or CH,CH(OH)CHj;

Fig 2.structure of hypromellose

Methocel Grade Viscosity (mPa)

Hypromellose of different grades are used as
coating agent, bioadhesive material, controlled
release agent, dispersing agent, dissolution
enhancer, emulsifying agent, film forming agent ,
foaming agent, granulation agent, modified
release agent, thickening agent etc.!*It is primarily
used as tablet binder, in film coating and as matrix
for use in extended release tablet formulation.
Hypromellose is used as binder when it is in 2-5%
w/w concentration. High viscosity grades may be
used to retard release of drugs from matrix at 10-
18% w/w in tablets and capsules. Liquid oral
dosage forms( suspending and thickening agent) at
0.25-5.0% w/w concentrations. Depending on the
viscosity grade, 2-20% w/w used for film coated
tablets (Methocel Epremium LV series). Low
viscosity hypromellose uses aqueous film coating,
high viscosity uses organic solvent. Hypromellose
is used as thickening agent to vehicle for eye drops
and artificial tear solutions when used in 0.45-
1.0% concentration.  Hypromellose
commercially used in liquid nasal formulations in

concentration of 0.1%.
Methocel Grade

w/w

Viscosity (mPa)

KLOOLY B0-120 ESLW | 4-&
K4M 3000-5600 ESOLW I A0-60
E15M 12000-2 1000 EGLY - 57
EAM | 3500-5600 E15LW I 12-18
E3LV 2.4-3.5 E1O0MPCR BE000-13000

Fig 3. Different grades of hypromellose

5.2 POLYETHYLENE OXIDE:

Polyethylene oxide is a homopolymer of ethylene
oxide, chemically similar to polyethylene glycol.
It has molecular weight as high as 100,000 to 7
million. It is commercially available as polyox
which is water soluble. It posses characteristics
like non-ionic, highly hydrophilic, swelling,
thermoplastic. It is safe, non toxic, not absorbed
throughout GIT.!®
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Figd.structure of Polyethylene oxide
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Table 2: Grades of Polyox based on molecular weight and viscosity

Polyox(im) Water-Soluble Resin NF Product

Approximate Molecular Weight

WSR N-10 100,000
WSR N-80 200,000
WSR N-750 300,000
WSR N-205 600,000
WSR N-1105 900,000
WSR N-12K 1,000,000
WSR N-60K 2,000,000
WSER-301 4,000,000
WSR Coagulant 5,000,000
WSR-303 7,000,000
Fig 5. Grades of PEO
5.3 SODIUM CMC: Methyl Cellulose is the simplest cellulose
derivative, where methyl groups (—CH3) substitute
Carboxymethyl  cellulose  possess — viscosity — (he hydroxyls at C-2, C-3 and/or C-6 positions of

increasing nature. Viscous aqueous solutions are
used to suspend powders for oral preparations.
High concentrations, usually 4-6% of medium
viscosity are used to produce gels. !*Three
viscosity grades of sodium carboxy methyl
cellulose (NaCMC), namely NaCMC (Blanose 7H
4XF), NaCMC (Courlose P 800), NaCMC
(Courlose P 350) and HPMC were investigated for
their ability to provide a sustained release of
propranolol hydrochloride from matrices. The
rank order of release rate, in the absence of HPMC,
was NaCMC (Blanose).

RO
0OfR
RO OR Y R=Hor
00 o
OR OR
\/\ONa
RO OR

— —-n

Fig 6. Structure of Sodium CMC

5.4 METHYL CELLULOSE:

Cellulose is the most abundant basic polymer
which is modified resulting in polymers like
methyl cellulose, hydroxyl propyl methyl
cellulose, ethyl cellulose etc. It is a regular and
linear polymer composed of (1—4) linked B-D-
glucopyranosyl units. This particular B-(1—4)
configuration together with intramolecular
hydrogen bonds gives a rigid structure. !’
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anhydro-D-glucose units.
OCH, OCHy

OCH, CHy o

OH | OH

CHy O0H, CH,

Fig 7. Structure of Methyl Cellulose

5.5 XANTHAN GUM:

Xanthan gum is non toxic, stable, compatible with
other excipients. It possess good stability and
viscosity properties over a wide range of pH and
temperature range . xanthan gum is used to prepare
matrix tablets to control the release of drug. In
aqueous medium, the release rate kinetics follow
zero order kinetics. The release rate is independent
of preparation method and compression force.
12The release of drug from matrix depend on the
swelling property of polymer and the type of drug
incorporated. The swelling of matrix follows
fickian diffusion and the drug release from the
matrix follows non fickian diffusion.’

Controlled release formulation of
furosemide using different polymers such as XG,
HPMC 4000 and NaCMC at different
concentrations. The release kinetics were observed
from invitro dissolution studies. The optimum

matrix
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drug extended release was observed when tablets
prepared with 10% of XG, when compared with
those prepared with 20% of HPMC 4000, or 60%

of NaCMC.

Fig 8.Structure of xanthan gum

POLYVINYL ALCOHOL:

PVA is a water-soluble, nontoxic, semicrystalline,
biocompatible, and biodegradable polymer. Its
high oxygen and aroma barrier properties,
high tensile strength and flexibility, excellent film
forming, emulsifying, and adhesive
properties made the wide application of polymer
in different aspects like in controlled drug
delivery.'® PVA is a linear polymer that can be
divided into two parts, hydrophilic and
hydrophobic. The hydroxyl groups in the
hydrophilic part of polymer binds with the metallic
surface .

H

\

C C

H OH

Fig 9. Structure of PVA

H

CONCLUSION

Hydrophilic matrix systems are more versatile in
controlling the release rate of drug to maintain

ié '\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

optimum concentration in the blood stream. The
polymers used in hydrophilic matrix are cost
effective and efficient in controlling the release
rate of drug. This technology of hydrophilic matrix
system is widely utilized in controlled oral drug
delivery systems due to their simplicity and high
reproducibility.
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