Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 26, 7(4):1436-1445

ISSN : 0975-7384

Review Article CODEN(USA) : JCPRC5

lon exchange resins as drug delivery carriers

S. Sivaneswari*, D. Veena, P. Sai Sumana, P. Subheee, L. Ramya, R. Rajalakshmi,
P. J. Chandana and E. Karthikeyan

College of Pharmacy, Sree Vidyanikethan Educational Institutions, Tirupati, Andhra Pradesh, India

ABSTRACT

lon exchange resin(lER) are cross-linked synthetic high molecular weight solid water insoluble usually white or
yellowish, fabricated from organic polymer (polyelectrolyte) having ionizable functional group. IER have received
considerable attention from pharmaceutical scientists because of their versatile properties as drug delivery vehicles.
Research over the last few years has revealed that IER are equally suitable for drug delivery technologies, including
controlled release, transdermal, nasal, topical and taste masking. The major drawback of sustained release of
extended release or extended release is dose dumping, resulting in increased risk of toxicity. The use of IER has
occupied an important place in the development of controlled- or sustained-release systems because of their better
drug-retaining properties and prevention of dose dumping. Synthetic ion exchange resins have been used in
pharmacy and medicine for taste masking or controlled release of drug. Drug resin complexation converts drug to
amorphous form leading to improved drug dissolution. Several studies have reported the use of IER for drug
delivery at the desired site of action. Sulfonated and carboxylic resins with a polystyrene backbone are most widely
used in clinical medicine.
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INTRODUCTION

IER is defined aslon exchange resin are cross-linked synthetic mighecular weight solid water insoluble usually
white or yellowish, fabricated from organic polym@mlyelectrolyte) having ionisable functional gp3u Novel
drug delivery systems are gaining momentum in #dwemt two decades as these results in reducedefreguof
dosing and patient compliance. Intensity and domatif action has been the subject of increasindidistiplinary
research. One of the attractive methods for matlifielg delivery systems is the use of ion exchaegms (IER) as
carriers for such systems [1]. Complexes betwedhdRd drugs are known as ion exchange resinatash wave
been used in pharmaceutical formulations for sévieades.

The principle of IER at which it acts is that itdgeversible process that exchanges their madiief equal charge
with the surrounding insoluble organic polymer Imavicharged functional site. IER are insoluble paysnthat

contain acidic or basic functional groups and hthee ability to exchange counter-ions within aquesakitions

surrounding them. An ion exchange resin is exhibiilee small bead with a diameter between 1-2 niris Usually

white or yellowish and it is fabricated from an anic polymer substrate backbone. lon exchangereversible

process in which ions of like sign are exchangesveen liquid and solid when in contact with a highisoluble

body. The drug is released from resinate by exdhgngith ions in the gastrointestinal fluid, folled by drug

diffusion. Due to the presence of high moleculaigivewater insoluble polymers, the resins are thababed by the
body and are therefore inert. IER have specifiqpprties like available capacity, acid base strengdhnticle size,

porosity and swelling, on which the release charé&tics of drug resonates are dependent. Drugates are
generally prepared with purified resins and apgetdprdrugs [2-4].
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Research over the last few years has revealedBRaare equally suitable for drug delivery techmiés, including
controlled release, transdermal, nasal, topicaltaste masking. Synthetic ion exchange resins baes& used in
pharmacy and medicine for taste masking or coetilalelease of drug as early as 1950[5-6]. lon-exgbaystems
are advantageous for drugs that are highly suddept degradation by enzymatic process. A majwaathge of
ion exchange system is low running cost. It requilile energy and the regenerated chemicals heax

Furthermore, if well maintained, resin beds can fasmany years before replacement. However, ithédtion is

that the release rate is proportional to the cotnaan of the ions present in the area of admiaiitn. More so, the
release rate of drug can be affected by varialitityiet, water intake and individual intestinahtent.

1.1.Advantages [7]

 Eliminate over or under dosing

» Maintain drug levels in desired range

* Increased patient compliance

* Need for less dosing

» Economic and readily available.

» Free from local and systemic toxicities.

» Drug-resinates can be formulated into varidiesage forms like tablets, capsules, suspessits.
» Can be used for several purposes such as tasténgasiltstained and rapid release.
« Effectively useful in low concentration (5-20%w/w).

* Resins have high drug loading and probability cfedldumping.

1.2.Clinical Advantages

» Reduction in frequency of drug administration

» Improved patient compliance

» Reduction in drug level fluctuation in blood

» Reduction in drug accumulation with chronic therapy

» Reduction in drug toxicity (local/systemic)

« Stabilization of medical condition (because of manédorm drug levels)
» Improvement in bioavailability of some drugs be@aéspatial control
» Economical to the health care providers and thiempiat

1.3.Disadvantages [8]

» Reduced potential for dose adjustment.

 Cost of single unit higher than conventional dosagms.

* Increase potential for first pass metabolism.

» Requirement for additional patient education faygar medication.

» Decreased systemic availability in comparison tanediate release conventional dosage forms andipodtro
andin vivo correlations.

2.Structure and Chemistry of lon Exchange Resin

IER are simply insoluble polyelectrolyte’s that ansoluble polymers which contain ionisable grouipstributed
regularly along the polymer backbone. The most commesins used in formulations are cross-linkedgigtene
and polymethacrylate polymers [8]. When IER areadixvith a fluid such as water, ions in the fluich @xchange
with the polyelectrolyte’s counter ions and be ptaty removed from the fluid.

An ion exchange resin is a polymer (normally stglewith electrically charged sites at which one ioay replace
another. There are numerous functional groupshéva¢ charge, only a few are commonly used for madeiER.
These are:

+-COOH, which is weakly ionized to -COO

+-SO;H, which is strongly ionized to -SO,

+-NH,, which weakly attracts protons to form NH

e-secondary and tertiary amines that also attrastbps weakly,

-NR3", which has a strong, permanent charge (R stamd®foe organic group).

These groups are sufficient to allow selection ofsin with either weak or strong positive or nagatharge.

3.Types of lon-exchange Resins
There are two major classes of ion-exchange polgf@dr(Fig. 1)
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(a) Cation and (b) anion exchange resins. Thesdiscassed in the following two sub-sections.

Strong acid
Cation
exchanpge resin
Weak acid
Strong base
Anion
exchange resin
Wezsk base

Fig. 1. Classification of IER.

lon exchange
resin

3.1.Cation exchange resins

Cation exchange resins contain covalently boundatieg]y charged functional groups and exchangestipely
charged ions. They are prepared by the copolymerizaf styrene and divinyl benzene and have sidf@eid
groups (-SGH) introduced into most of the benzene rings. Thecmanism of cation exchange process can be
represented by the following reaction in Eq. (1)

R- - ex+ + C+>R- - C+ +ex+ Q)

where, R is a resin polymer with $Qites available for bonding with exchangeabléocatex+), and C+ indicates
a cation in the surrounding solution getting exajezh

Cation exchange resins can be further classifitad in

(a) strong acid cation exchange resins and (b) weakcation exchange resins.

3.1.1.Strong acid cation exchange resins

The chemical behaviour of these resins is simdahat of a strong acid. These resins are highiized in both the
acid (R-SQH) and salt (RSgNa) form of the sulfonic acid group (-3@). They can convert a metal salt to the
corresponding acid by the reaction in Eq. (2):

2(R-SQH) + NiCl, — (R-SQ) Ni + 2HCI )

The hydrogen and sodium forms of strong acid reafashighly dissociated, and the exchangeableand H are
readily available for exchange over the entire phRige. Consequently, the exchange capacity of s&oitlgresins is
independent of the solution pH .

3.1.2.Weak acid cation exchangeresins

These resins behave similarly to weak organic atidsare weakly dissociated. In a weak acid rédsénionisable
group is a carboxylic acid (COOH) as opposed tosthiéonic acid group (Sf§p) used in strong acid resins. The
degree of dissociation of a weak acid resin isngfipinfluenced by the solution pH. Consequentégim capacity
depends in part on the solution pH. A typical wealkd resin has limited capacity below a pH of @riking it
unsuitable for deionizing acidic metal finishingstewater.

3.2.Anion exchange resins [10]

Anion exchange resins have positively charged fanat groups and they exchanges negatively chaigesl
These are prepared by first chlormethylating thazbae rings of styrene-divinylbenzene copolymertiach
CH,CI groups and then causing these to react witlatgramines such as triethylamine. The mechanismnain
exchange process can be represented by the foljawattion in Eq. (3)

R+ -ex -+ A-— R+ - A- + ex- 3)
where, R+ indicates a resin polymer with numbesitd#s available for bonding with exchangeable arié), and
A- indicates cations in the surrounding solutioftigg exchanged. Anion exchange resins can beduclassified
into two which are as follows:

3.2.1.Strong base anion exchange resins

Strong base resins are highly ionized and can leel aser the entire pH range. These resins are uns¢e
hydroxide (OH) form for water deionization. Theyllweact with anions in solution and can convergaid solution
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to pure water Eq. (4)
R-NH;OH + HCl— R-NHCl + H,0 4)

Regeneration with concentrated sodium hydroxideQNpconverts the exhausted resin to the OH form.

3.2.2.Weak base anion exchange resin

Weak base resins are like weak acid resins inttleatdegree of ionization is strongly influenced giy. Hence,
weak base resins exhibit minimum exchange capabitye a pH of 7.0. The weak base resin does net vaOH
ion form as does the strong base resin Eq. (5)

R-NH, + HCl — R-NH,Cl (5)

Consequently, regeneration needs only to neutrtizeabsorbed acid; it need not provide OH ionsslexpensive
weakly basic reagents such as ammoniagj\id sodium carbonate can be employed.

A typical cation-exchange resin is prepared by ¢beolymerization of styrene and divinylbenze. Dgrithe
polymerization, polystyrene formed as a linear nhaand these become covalently bonded to each bther
divinylbenze cross links. If sulphuric acid is thafowed to react with this copolymer, sulphoniédagroups are
introduced into most of the benzene rings of tlyeeste-divinylbenze polymer, and the final substafirened is
known as cation-exchange resin.

A typical anion exchange resin is prepared by fitdbromethylating the benzene rings of the thrimeedsional
styrene-divinylbenzene copolymers to attach —,ClHjroups and then causing these to react withit@ng amine,
such as trimethylamine. This gives the chloridé sstrong-base exchanges.

4.Role of IER in Controlled Drug Delivery Systems

The major drawback of controlled release is dosaging, resulting in increased risk of toxicity. Thsage of IER
during the development of controlled release foatiohs plays a significant role because of theirgdretarding
properties and prevention of dose dumping. The dasinates can also be used as a drug reservaich vas
caused a change of the drug release in hydrogiuligmer tablets [11].

The use of IER into drug delivery systems have mwouraged because of their physico-chemicallgyabnert
nature, uniform size, spherical shape assistingirgp@and equilibrium driven reproducible drug relean ionic
environment. The physical and chemical propertfab® IER will release the drug more uniformly ththat simple
matrix formulation [12]. Drug molecules attachedth® resins are released by appropriate chargesl ifoithe
gastrointestinal tract, followed by diffusion ok& drug molecules out of the resins as shown beid¥gs. (6) and

(7):

Resiri Drug” + X* Resir....X" + Drug’ (6)

Resirf Drug+ X’ "Resin+...X + Drug (7
where, X and Y are ions in the gastrointestinaittra

IER have been used as drug carriers in pharmaetédtisage forms for controlled release formulafi8+16]. The

prolonged release of the active drug is accomptlishg providing a semi-permeable coating aroundrdis¢

minute, ion exchange resin particles with whichdhgg component has been complexed to form anubkodrug

resin complex. The semi-permeable coating creatkfusion barrier and the thickness of which canddljusted to
provide the desired level of retardation of drugikability in the gastrointestinal tract over aiperof time. Several
preparations involving strong resinates of sulphagid (cation exchange resins) provided more naideaelease
than the weak resinates of carboxylic acid . Henesinates of strong cationic drugs are formulasdustained
release suspension, tablets, capsules and midiol@af17-20].

5.Method of Preparation

The important step in the preparation of drug r&@sis is to purify the resins. Purification of resan be achieved
by washing with absolute ethanol, ethanol and watdieture. Final washing with water removes all thgurities.
Purification is generally done by cycling repeayettetween the sodium and hydrogen forms with aonati
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exchanger or between the chlorides and hydroxidadavith a anion exchangers. The conversion caacheved
by soaking the resins with acid or alkali solutiorespectively. After changing the ionic form, tiesin is subjected
to washing with distilled water until elute beconresutral in reaction, and finally is dried at 50°The drugs are
loaded on to the resins by column method and batthod [21-23].

5.1.Column Method: Highly concentrated drug solution is passed thraiighcolumn containing resins. Maximum
efficiency is best obtained by the column method.

5.2.Batch Method:In this method the drug solution is agitated withuantity of resin until equilibrium is attained.
Subsequently the resin is to be washed to rem@eeaind un-associated drug and thereafter it drigid.

in wwvo drug release and In vivo environment
absorpbon environment (after drug absorption)
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Fig 2. The mechanism of action of the drug releageom the ion exchange resin
6.Mechanism and Principle
Anion exchange resins involve basic functional geweapable of removing anions from acidic solutiorsle
Cation exchange resins contain acidic functionaligr capable of removing cations from basic sohgja1-22].

The use of IER to prolong the effect of drug retessbased on the principle that positively or riwgdy charged
pharmaceuticals, combined with appropriate resingdld insoluble polysalt resinates.

R-SO-3 H+ + H2N-A— R-SO-3 — H3N-A

R-N+H3OH- + HOOC-B~ R-N+H3 -OOC-B+H20

H2N-A — basic drug, R-SO-3H+> cation exchanges, HOOC-B acidic drug
R-NH3+0OH-— anion exchange resins.

In The Stomach:

1) Drug resinate + HGb acidic resin + drug hydrochloride
2) Resin salt + HG& resin chloride + acidic drug
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In The Intestine:
1) Drug resinate + NaGh sodium resinate + drug hydrochloride
2) Resin salt + NaGh resin chloride + sodium salt of drug

This system incorporates a polymer barrier coatimdj bead technology in addition to the ion exchangehanism.
The initial dose comes from an uncoated portiord #re remainder from the coated beads. The coadingpt
dissolved and coating is extended over 12-houogdry ionic exchange. The drug-containing polymeatiples are
minute, and may be suspended to produce a liquid @itended release characteristics as well ad slolsage
forms .

EXAMPLE:

Examples of drug product of this type include;

1) Hydrocodone polistirex and chlorpheniramine gtolex suspension [Tussionex Pennkinetic Extendekbd®e
Suspension (Medeva)] and

2) Phentermine resin capsules [lonamin Capsulesr(fdnex)].

7.Important Properties of IER[23-30]

7.1.Crosslinkage

The amount of crosslinking depends on the propastiof different monomers used in the polymerizatsoep.
Practical ranges are 4 % to 16 %. Resins with Vewy crosslinking tend to be watery and change dsiters
markedly depending on which ions are bound.

7.2.Moisture Content

A physical property of the ion exchange resins tetnges with changes in crosslinkage is the meistantent of
the resin. For example sulfonic acid groups attwaater, and this water is tenaciously held insigeheresin particle.
The quaternary ammonium groups of the anion rdséhgve in a similar manner.

7.3.Capacity

The total capacity of an ion exchange resin isrdefias the total number of chemical equivalentslabla for

exchange per some unit weight or unit volume ofntéBhe capacity may be expressed in terms of egjilivalents
per dry gram of resin or in terms of millequivakeper milliliter of wet resin. The more highly cetisked a resin,
the more difficult it becomes to introduce addifibrfuncitonal groups. Sulfonation is carried outeafthe

crosslinking has been completed and the sulforiit groups are introduced inside the resin paréslavell as over
its surface. Likewise, the quaternary ammonium gsoare introduced after the polymerization has lweenpleted
and they too are introduced both inside the partad well as on its surface. Fewer functional gsocan be
introduced inside the particles when they are Righbsslinked and hence the total capacity on abdsis drops
slightly.

This situation is reversed when a wet volume basigsed to measure the capacity on a resin. Althdewer

functional groups are introduced into a highly sfiv&ed resin, these groups are spaced closerttagen a volume
basis because the volume of water is reduced bydiéional crosslinking. Thus the capacity on & waume

basis increases as cross-linking increases.

7.4.Equilibration Rate

lon exchange reactions are reversible reactionk eguilibrium conditions being different for diffamt ions.
Crosslinkage has a definite influence on the tieguired for an ion to reach equilibrium. An ion Baoge resin
that is highly crosslinked is quite resistant te thiffusion of various ions through it and hende time required to
reach equilibrium is much longer. In general, thegyér the ion or molecule diffusing into an ion lexage particle,
or the more highly crosslinked the polymer, thegienwill be the time required to reach equilibriagonditions.

7.5.Summary of Crosslinkage Effects

Copolymers of styrene containing low amounts ofrdilbenzene (1-4%) are characterized as follows
» High degree of permeability

» Contain a large amount of moisture

» Capacities are lower on a wet volume basis

» Equilibrium rates are high

» Physical stability is reduced

Selectivity for various ions is decreased, butigbib accommodate larger ions is increased. Capelg of styrene
containing high amounts of divinylbenzene (12-1&ibit characteristics in the opposite direction.
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7.6.Particle size[31]

The physical size of the resin particles is cofdtbduring the polymerization step. Screens ard ts&ieve resins
to get a fairly uniform range of sizes. Mesh sizeshe following table refer to U.S. Standard saseeA higher
mesh number means more and finer wires per uratamd thus a smaller opening.

Table 1 Particle size of resins

Mesh Range Diameter of Particles
Inches Micrometers
20-50 0.0331-0.0117  840-297
50 -100 0.0117-0.0059 297-149
100-200 0.0059-0.0029 149-74
200-400 0.0029-0.0015 74-38
minus 400 < 0.0015 <38

7.7.Flow Rate
lon exchange processes are usually carried owlimms with the resin resting on a suitable suppgaquids may
be processed either up-flow or down-flow througbhscolumns. The spherical particles of ion exchaegin resist
the flowing of a liquid through or around them. Témaller the particle size, the greater will bes thésistance
against which a liquid must flow. This resistana®eg up very rapidly when particles smaller than frg#sh are
employed[32].

8.Evaluation of Drug Resinates[33-39]

Theinvitro test demonstrates the release pattern of a dong fesinate preparation dosage form. It dependszen
of resinate, degree of cross linkage of resin witig, nature of the resins, nature of the drugtaesticonditions that
is ionic strength of the dissolution medium.vivo procedures used for estimating drug activity afrrates include
serum concentration level determination, urinargretion, and toxicity studies. Bioavailability ofudy from drug-
resinate complexes depends on both transit of dréicjes through the gastrointestinal tract andgdrelease
kinetics. The complex will release the active cahtenly when it replaced by the ion which has theme charge.
Since the exchange is an equilibrium process, litdeipend on the ionic constitution and the flumlume of the
body fluid. In additional, release is not instamtans, and the drug must diffuse through the resim the internal
exchange sites. Thus, agitation and time of exgoglaty a key role in drug release.

Stomach emptying with fine particles, likely follswa first order or distributional process. In tingestine, the
neutral pH should keep all ionic sites ionized, #mel exchange process should occur continuousky.abisorption
into the body of solubilised drug should drive #muilibrium further toward drug release. In theghaintestine,
desorption from resins and absorption into the bawgy be slowed considerably due to low fluid cotten
entrapment in faecal matter, and poor absorptiaoion. The highly insoluble resin never dissohas] should not
be absorbed. It will simply be eliminated from thaxly with whatever counter-ions have replaced thg.d

9.Applications of IER [39-45]
9.1.Pharmaceutical applications
Some pharmaceutical applications of IER include

9.2.Taste masking

Masking of bitter taste in active principal ingredis in oral formulations posses a major challenge
pharmaceutical industry especially for paediatrid geriatric patients. Masking of the unpleasastetaf a drug
improves compliance and product value. Amongstrthmerous available taste-masking methods, ion exgsha
resins are inexpensive and can be used to devRtepiously some workers used carbomer to maskahseaating
and unpleasant taste of erythromycin and claritty@m by adsorption into Carbopol and then encayimg the
resulting particles with hydroxylpropyl methylcdtbse phthalate.

9.3.Eliminating polymorphism

Many pharmaceutical solids can exist in differelmygical forms. Polymorphism is often characteriasdhe ability
of a drug substance to exist as two or more ciysgbhases that have different arrangements acdftfiormations
of the molecules in the crystal lattice. This iscanmon problem in the pharmaceutical industry amgehsums of
money are spent trying to identify polymorphs anihty to make stable, suitably soluble forms. Railto resolve
such a problem can result in significant stabiityd stability problems for the final dosage formn lexchange
resins present a unique way to deal with the pmlilecause using resinates completely eliminatespasiylem
with polymorphism.
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9.4.Improving the dissolution of poorly soluble drugs

lon exchange drug resinate complexes can be usedht@nce the dissolution rate of a poorly solubleggdUsing

micronization to increase the rate of dissolutian de problematic, because it frequent requiresiaized

equipment and often there can be agglomeratioheofihe particles after grinding. The grinding aso result in
melting and conversion to other crystal forms. Ehpoblems are completely eliminated by using ¢imeexchange
resin approach.

9.5.Improving stability

The drug resinate is frequently more stable tharotiginal drug. For instance, vitaminBhas a shelf-life of only a
few months while it's resinate has more than twargeAnother example is nicotine which discolorseaposure to
air and light, but the resinate used in manufaatunicotine chewing gums and lozenges is much statde.

9.6.Improving physical characteristics

Most drug substances are in solid form there amesthat are liquids or difficult-to-handle solid3ecause the
physical properties of the resinates are similathiresin not the drug, the resinates of thesgsdwill be free-
flowing solids. A very well established exampletbis is the nicotine resinate used in nicotine dhgwgums and
lozenges. Nicotine is in liquid form but its redimds a stable, free- flowing solid. The resins éhav uniform,
macroreticular morphology that provides excellémivfability to the formulation.

9.7.Drug delivery applications [46-49]

9.7.1.0ral drug delivery: The major drawback of sustained release or ernélease is dose dumping hence
resulting in increased risk of toxicity. The use IBR has occupied an important place in the devety of
controlled or sustained-release systems due af ledier drug retaining properties and preventibdose dumping.
The drug resinates can also be used as a drugo@sevhich has caused a change of the drug rel@adsgdrophilic
polymer tablets. The use of ion exchange resirsdntig delivery systems have been encouraged becdubeir
physico-chemical stability, inert nature, unifornzes spherical shape assisting coating and eqiuilibrdriven
reproducible drug release in ionic environment.

9.7.2.Nasal drug delivery: A novel nasal formulation, in the form of a nicaimberlite resin complex powder, has
been developed that provided an optimal combinddagile and sustained plasma nicotine profile foroking
cessation. Amberlite IRP69 and Amberlite IR120 aimilar cationic exchange materials with the sarme i
exchange capacity but due to a smaller particke ginge (10-15am). Amberlite IRP69 had a better flow property
and a better adsorptive capacity than Amberlite2RIThe nicotine plasma profiles demonstrated #matnitial
rapid peak plasma level of nicotine followed byuatained elevated level could be achieved by adgige ratio of
free to bound nicotine in the Amberlite powder fotation.

9.7.3.Transdermal drug delivery: IER are also involved in the formulation of transdal drug delivery systems.
The release rates of ketoprofen from the carbopekl gel vehicles containing ion exchange fibergtiwh the
ketoprofen had been bound were determined acr@23h microporous membrane. The fluctuation of theasde
rate of ketoprofen from the vehicles was much loaempared with that of simple gels, though the daitive
amount of ketoprofen delivery was less. In additmms could increase the rate and extent of kefeprdelivery.

9.7.4.0phthalmic drug delivery: IER also find application in opthalamic drug detiyesystems. An example is
Betoptic S which is a sterile ophthalmic suspensim it contains 0.25% betaxolol hydrochloride.idta
cardioselective beta-adrenergic receptor blockiggna manufactured by Alcon Laboratories in the Ss an
ocular resinate ophthalmic product designed to toglevated intraocular pressure. The drug resinateplex is
formed when the positively charged drug is bound tation ion-exchange resin (Amberlitel IRP 6%)e D.25%
ophthalmic suspension of the drug showed an inetcehmavailability.

10.Diagnostic and therapeutic applications

Synthetic as well as natural polysaccharides basetn-exchange resins have been used with goadiseer

diagnostic determinations. eg. In gastric acidithey have also found applications as adsorbent®xfs, as
antacids, and as bile acid binding agents. lon-@xgh resins have been successfully used therapeutite

treatment of liver diseases, renal insufficienaylithic disease and occupational skin diseaseifstance, sodium
polystyrene sulfonate is a sulfonic cation-excharggn used in the treatment of hyperkalemia asd aked in
acute renal failure. Phenteramine, a sympathominaatiine is indicated for short term use in the mganeent of
exogeneous obesity in a regimen of weight reductitilizing caloric restriction. It also has applica in the

control of cholesterol and potassium ion levels.
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11.Some IER Available in the Market

The use of IER to form drug adsorbates for susthimdease [50-53] was closely associated with Stiagrgh
Laboratories, an affiliate of Pennwalt Corporatiavhich was granted several patents in this areairTirst
significant application involved amphetamine adsdrlonto a sulfonic acid cation exchange resin (&ipmine)
which is use in appetite suppression and for alsdé&havior control in children. The drug is adrsirated once or
twice daily. Other products that have been intreducommercially since the initial work with amphatae include
Penntuss which is a combination of Codeine and i@hkniramine. This is a liquid suspension used aeuah
suppressant and relief of cold. It is taken twiaedyd Both drugs are bound to a sulfonic acid aatxchange resin.
The chlorpheniramine-resinates are uncoated duautth high affinity for the resin while the codeiresinates are
coated with ethylcellulose. Other products useccargh and cold include phenylpropanolamine, clileniramine,
and dextromethorphan. Some other examples inclutkniin (phentermine) and Tussionex (hydrocodonistrek
and chlorpheniramine polistirex) both are markdtgd/edeva Pharmaceuticals, Inc.) .

CONCLUSION

IERs have been used in pharmacy and medicine foous functions, which include tablet disintegratio
bioadhesive systems, sustained release systemecdnt years IER have been successfully utilizedrfasking of
taste of bitter drugs.IER play a major role in thedification of drug release by forming a compleithwdrug

substances.
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