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ABSTRACT

The present research was aimed to design contraliegise ion exchange resinates of BCS class | dragnddol hydrochloride
(TH) a centrally acting synthetic analgesic. Compfe of ion-exchange resins and tramadol hydroctigra model drug, were
prepared using different methods including a sirfgg¢ch and modified method with different functiogadups, ion-exchange
capacity, degree of crosslinking, and resin paetisize. Drug loading efficiency, release profileseniavestigated. Most of the
functional groups of resins were loaded with tramdagdrochloride after the completion of a doubledbatmethod and it was
recommended for drug loading into the ion-excharegin. Tramadol hydrochloride could be loaded orgsin, depending on
the physicochemical properties of the resin. Asdtosslinking ratio and particle size increasece tifrug loading and release
rate decreased due to the reduced effective diffusbefficient and surface area. In vitro drug ese profiles of resinate shown
the pH independent release. Also the ionic streagth valency of dissolution medium has influencelrg release. Assuming
that the resin particles are uniform spheres ofiuadr, release mechanism was evaluated using pliots Bt—t relationship,
where B and t are the rate constant and time, respag. The Bt-t plots displayed a straight linalicating that the diffusion of
tramadol hydrochloride in the resin matrix is thete-controlling step. Tramadol hydrochloride resies in vitro drug release
shown significant sustained release up to 6 hours.

Key words: Tramadol hydrochloride, ion exchange resins, allett release, resinates.

INTRODUCTION

Tramadol hydrochloride is a centrally acting sytithenalgesic with active metabolites (figure 1).id well
absorbed orally, and is only 20% bound to plasmetems. Both the parent compound and the M1 (O-
desmethyltramadol) metabolite display analgesitviagt the elimination half-lives are 6.3 and 7.4urs for the
parent compound and the M1 metabolite, respectivitiyady state plasma concentrations of both trahad M1
metabolite are achieved within 2 days q.i.d. dddir.
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Figure 1. Structure of Tramadol Hydrochloride

Oral controlled drug delivery systems based on imxéigpe tablets are generally prepared by blendindrug and
carrier material followed by compression. The @arrnhaterials can be classified into water-insolu@eriers such
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as polymers (e.g. ethyl cellulose, acrylate deives) or lipids (waxes) and water-soluble carri@g.) cellulose
ethers, such as hydroxyl- propyl- methyl cellulopely-oxy-ethylene oxide) have the advantage of mlete
erosion/dissolution and therefore no accumulatiorthie Gl-tract a potentially possibility with wat@soluble
polymers [5-6].

lon exchange resins are inert and insoluble higleowar weight polyelectrolytes, the drug releasenf
hydrophilic matrix tablets has been modified by tise of ion exchange resins in case of anioniatomic drugs.
Drugs adsorbed onto the ion exchange resins hase teferred as adsorbents, complexes, or resindoegever
simple drug-resin complexes may not satisfy theuiregqnent of sustained release. In such cases tesirzae
incorporated into the matrix systems, microencaiedl or coated. In tablet formulations ion excharegins have
been used as disintegrants because of their sgalbility [7-13].

The objective of present study was to formulatetrmdied release ion exchange resinates of tramiaygilochloride
a cationic drug by using ion exchange resins. énpttesent study selected drug tramadol hydrocldagdasic in
nature with amine functional group; hence the iechange resin of choice in this case for complexatvould be a
cation exchange resin. The ion exchange resin stittng sulphonic acid functional moiety viz Indid@4, Indion
244, Indion 254 and Indion 284 would be best exgubtd complex with the selected drug and thus obits rapid
dissolution, a problem encountered in BCS Classigd

EXPERIMENTAL SECTION

Materials

Tramadol HCI was a gift sample from Sun Pharma Buwt. India, Indion 224, Indion 244, Indion 254 aimdiion
284 procured from lon Exchange (India) Ltd., a# tither chemicals used in the present investigatizare of AR
grade.

Characterization of resins

Resins were selected on the basis of nature of @ndgrequirements of formulation. In the preseuntgtselected
drug tramadol hydrochloride is basic in nature veithine functional group; hence the ion exchangm iefschoice
in this case for complexation would be a cationhaxge resin. The ion exchange resin with stronghsulic acid
functional moiety viz. Indion224, Indion244, Indi24 and Indion284 would be best expected to compidxthe
selected drug and thus control its rapid dissofytéoproblem encountered in BCS Class | drug.

Physical properties

The organoleptic properties were observed by piattire resin sample in watch glass. Particle siZe¢beresins
were determined by microscopic method. Water uptalpacity was obtained by keeping 100 mg of resicontact
with 1 ml of water in a petri dish. The time reqdrto absorb water completely was recorded.

Moisture content determination of resins
One gram of accurately weighed resin was kept enafpreviously heated to 18@) for 24 hours; the moisture

content was determined using following formula.
Weight of water in sample % 100 (1)

Moisture Content = -
Dry weight of sample

Preparation of drug resin complexes

The tramadol hydrochloride-resin complexes werep@red by a batch processes. For the batch methed, t
previously purified resin particles (100 mg of dvgight resin) were dispersed in a 2 % (w/v) drulgitsan (50 ml)
under magnetic stirring at room temperature for(8ihgle batch). After carefully decanting the cleapernatant of
the above, another 50 ml of fresh drug solution wdded and stirred again for 2 h at room tempezatilnis
procedure is an alternative method called as neatlifiatch method (double batch). In a triple batethod, an
additional batch procedure was carried out. To ysthdw quickly equilibrium could be reached, 0.1nfl o
supernatant was collected at fixed intervals dudamplex formation at room temperature, dilutechwitater, and
then the drug amount was quantified by UV spectobpieter (Shimadzu 1600) at 271 nm. The drug—resina
beads were separated from the supernatant bytiliravashed with deionized water to remove any-complexed
drug, and then dried in an oven at ‘@for 24 hand then stored in tightly closed dedmsa[13-14]. Standard
calibration curves were prepared before analysisidmitor the linearity from 10 to 100 pug /ml at 2. The
amount of drug complexed onto resin can be detehiy following equation.

% Complexation = Drugme) o 100 (2)

Resin(mg)
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Effect of resin activation on drug complexation

Resins were pretreated to remove any impuritiesnsewere washed with 200 ml of deionized water methanol
(2x50 ml). The resins were activated by recyclittgraatively thrice with 60 ml of 1M NaOH and 1M H@&nd
washing after each treatment with de-ionized wéthe resins in hydrogen/acid form were washed déhonized
water until elute was neutral and were then vacdried at 50C to constant weight.

Effect of pH on drug loading

A series of solutions containing 1mg/ml tramadatitochloride were prepared. pH of these solutions adjusted
for 2, 4,6,7,8 and 10. Resins were transferredacrhelO0 ml beaker and stirred for 2 hours on magséitrer.
Resinates thus formed were filtered and washedxbgss amount of distilled water. The drug conterthi final
filtrate was quantified by UV-spectrophotometer.

The equilibrium profiles of drug loading onto tlemiexchange resins

Equilibrium profiles of drug loading onto the ioralange resins were studied to see the time tdrequilibrium
and loading of the tramadol hydrochloride. The ipkrrtsize of the drug and degree of crosslinkingesponsible for
the effective surface area required for the bindihthe drug. Indion 224,indion 244,indion 254andion 284 are
different particle sizes and hence the varied sarfarea for binding. For the single batch prockssequilibrium
profiles were studied for all the ion exchangenesiThe modified batch loading processes like dowalold triple
batch processes were also studied.

In vitro drug release from ion-exchange resinates

In vitro dissolution study was carried out in tig@ite for resinates equivalent to 100 mg of trarh&gdrochloride
placed into 900 ml of Dissolution medium, by usihg USP paddle apparatus (Electrolab TDT 06L). 8pxe
paddle rotation was fixed at 50 rpm and temperatona&intained at 37 + 0.5°C. At predetermined irdésvs ml
aliquots were withdrawn and replaced with the samleme of fresh dissolution medium. The collectdidumts
were filtered through whatman filter paper no.41d ammount of drug released was analyzed by UV-vis
spectrophotometer at 271 nm following suitabletaihs.

1.Effect of pH onin vitro release: A claimed advantage of ion exchange elgligystem is that release of drug is
independent of pH of the dissolution medium. Thawwas investigated by preparing buffer solutiohslifferent
pH (1.2, 6.8 and distilled water).

2.Effect of ionic strength oin vitro release: To study effect of ionic strength orvitne release of drug resinate,
pH 6.8 buffer with ionic strength adjusted with 000005, 0.10 M NacCl.

3.Effect of valency of ions in dissolution medium: study the influence of the valency of ions in thssolution
medium adjusted to 0.1 M NaCl and0.1 M CacCl

Modeling kinetics of drug release from resinates

A mathematical modeling was applied to know abbetdrug release profiles from resinates. A commaéniywn
Boyed model was applied. The resin particles aserasd to be uniform spheres of radius r, Boyed.gslaowed
that where the particle diffusion was only the retetrolling process, the following expression gitke fraction of

drug released F.
nZBt

Q 6 oo €
F=¢= 1= 3)
17:2Di
WhereB = —;

Q; andQ,, are the amounts of drug released after timeltedter infinite time respectively. B is the ratnstant,
D' being the effective diffusion coefficient, andsthe summation variable. For the F values highen 0.85 the
equation can be reduced to:
F=1-——eBt or

T 2

s
Bt = —log, ?(1 -F
=2.303log,,(1 — F) — 0.498

(4)
If the F value is lower than 0.85, the equationligoto be
1
Bte 2 m2F ) (1 nF)E
emT Ty Al 3
=6.283 —3.290 F — 6.283(1 — 1.047F)'/2 (5)
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At a value of F equation (4) for values from 0.861tand F=0.85 equation (5) can be used give vabfiedt
agreement within 0.005 corresponding the variatidnF at this point of less than 0.001. If the plft Bt
corresponding F values versus time is straight linean be assumed that drug diffusion within thgin matrix is
the rate limiting step [15-16].

RESULTS AND DISCUSSION

Characterization of resins

The ion exchange resins were characterized foapipearance by visual observation and for evaluatfquarticle

size by microscopy. The swelling time and moistaomtent was also determined. The particle sizeesfns

particles of Indion 244, Indion 254 was found todf15mm, which was confirmation with that reportedtthe

literature. Similarly the particle size of IndioB£2and Indion 284 were also found to be withinrdmege 0.21 to 1.2
mm as reported in the literature. Moisture contgrthe resin was determined and it was found tinktbe range
from 2- 9 % which was complying with the standarflse water uptake time of resins were found tonbéhé range
of 42 to 70 seconds. The results were shown inellabl

Table 1. Physical Properties of lon Exchange Resins

Resins Appearance Particle Size(mm)  %Moisture conté  Swelling Time (seconds)
Indion 224  Brown beads 0.205 £2.40 2.68+0.24 51+
Indion 244 Light brown powder 0.121 +4.23 53284 42 +4
Indion 254  Light cream colored powder 0.145 +2.46 .364t1.25 44 5
Indion 284  yellow to pale brown beads 0.560 +1.25 A4582.4 70 6

Mean +S.D.,n=3
Preparation of drug resin complexes
Effect of resin activation on drug complexation
The resinates were pretreated with 1M HCI| and 1MDNand the percent drug loading of the drug onsinrevas
determined in triplicate the results found are diui in table 2.

Table 2. Effect of resin activation on % Tramadol tydrochloride loading onto ion exchange resins

% Loading of Tramadol hydrochloride
Inactivated 1M HCI 1M NaOH Acid +Base
Indion 224  50.86+0.42 51.24+0.12 51.56+0.26 51.8430
Indion 244  62.64+0.63 68.30+0.22 70.52+0.48 72.8240
Indion 254  54.30+1.02 55.10+0.26 56.82+0.43 58.2d8&1
Indion 284  48.12+0.24  49.10+0.42 51.22+0.29 51.3820
Mean+S.D.,n=3

Resins

The drug loading was found to be less in the inatdid resins as indicated by the % drug complexatidable 2.
However the % drug complexation was found to inseeain the following order of pretreatment
HCI<NaOH<Acid+base as observed. From the resultsildd it is evident that the activation of resimsw
necessary to yield the maximum drug complexatioth wésins. Due to the fact that the surface chafgle ion
exchanger might be responsible for the drug loadingo the resins. Changing the ionic form of tB® Imight
occasionally be required to convert resin from éoren to another if it does not have the desirednbeuions.
Strongly acidic cation exchange resins are uswiilable in Na form. They are usually converted intd férm.
This may be achieved by soaking the resins intdsaand alkalis respectively and subjected to washittil elute
becomes neutral. So prior to use for further ingasibn resins were purified and activated.

The equilibrium profiles of drug loading onto tlemiexchange resins

The equilibrium profiles of the ion exchange resiese studied to see the time to reach equilibraum loading of
the tramadol hydrochloride. The equilibrium prddilef the drug loading on to different ion exchamgsinates
figure 7.7 shows that particle size of the drug dadree of crosslinking is responsible for the ctife surface area
required for the binding of the drug. Indion 224landion 284 are of larger particle size and heheeless surface
area for binding. While indion 244 and indion 25#bwn the rapid equilibrium profiles within the rang0-15
minutes. For the single batch process the equilibstudied profiles shown that the equilibrium \aisost reached
in first 30 minutes for all the ion exchange resifise modified batch loading processes like doalie triple batch
processes were also studied and from the figured23at is clear that next loading using doublechatdditional 13-
19 % of drug was loaded. The triple batch proceas wnsuccessful for the loading of the drug becalmest all
the binding sites of the resin materials were sa¢ar by drug molecules. Hence the equilibrium pesfof single
batch process and double batch were utilized fiahén study.
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When the loading of the drug onto ion exchangenggsi is desired to increase the % loading efficie while
reducing the loss of the dugs in order to minintize size of dosage form and properties of drugvdefi system.
Therefore loading the drug with single batch is anbugh to get highly drug loaded complexes. Basedhe
results double batch method could be recommendelbdding drugs into the ion exchange resins. Tunetional
group of the cation exchange resin used in thisexent is S@ H*. As complex formation progresses acidic
byproducts can be produced more. If not removeuh fitee system, these may change the pH of mediunekhsind
compete with counter ions of drug in bulk solutiand affect equilibrium drug loading.
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Figure 2. Equilibrium profiles for the drug loading onto ion exchange resins by single batch process
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Figure 3. Equilibrium profiles for the drug loading onto ion exchange resins by double batch process

Effect of pH on drug loading
The loading of tramadol hydrochloride was studiedaaious pH medium to understand the effect ofgpHIrug
loading onto the different resins and the resuitsioned are presented in table 3.

Table 3. Effect of pH on drug loading onto resins

pH Indion 224 Indion 244  Indion 254 Indion 284
2 51.84+0.22 72.82+1.02 58.24+0.44 50.48+0.16
4  51.25+0.68 71.22+0.34 58.04+0.63 50.27+0.47
5 50.88+0.29 70.92+0.28 58.29+0.38 49.81+0.52
6 51.28+0.54 71.08+0.26 57.98+0.29 50.09+0.18
7 51.24+0.28 71.12+0.51 58.08+0.25 49.98+0.53
8 48.04+0.37 69.35+0.37 56.28+0.84 46.09+0.38

=
o

46.3240.19 68.83+0.12 55.21+0.39 44.94+0.62
Mean+S.D.,n=3

As per pH partition hypothesis since pKa of tramtddalrochloride is 9.41, it is completely ionizedadl pH values
(2-8). All Indion the resins which possess sulphofsitrong acid) moiety cation exchangers will atgoionized
irrespective of pH changes. From the figure- 4ligdge effect of pH was observed. It was thus daded that pH
has no effect on drug loading at the lower pH velbait at the higher pH there was presence of less H
exchangeable ions in the loading media which reduklto increased complexation of the drug. Froes¢hstudies

it was concluded that pH of loading medium did imftuenced the tramadol hydrochloride complexatigth the
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ion exchange resins. Moreover, when the complemétion approached completion the pH returned tarttial
pH of the eluent due to the limited amount of iehs available for the exchange.
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Figure 4. Effect of pH on drug loading onto reins
In vitro drug release profiles of resinates
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Figure 5. Effect of pH of dissolution media on theelease of tramadol hydrochloride from the preparedresinates

To study the effect of pH media on the drug reldasm the resinates, the release studies were noeefb in the
media of different pH, viz. distilled water, 0.1NCHand pH 6.8 buffer. The release profiles Figurshbws that
there was negligible effect of pH on the drug re¢edl he drug release mechanism clearly dependseotegree of
the ionization of the resin particles in the dissioin media. The results revealed that the drugassl takes place
principally due to replacement of drug ions by th&ions in the dissolution medium. The release prsfile
different dissolution medium clearly indicated titfa¢ amount of drug released was not influencethbypH of the
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medium. This may be due to the similar ionizatiémesin in the dissolution media selected in thalgt Hence it
was decided to carry out all the further dissolutitudy in distilled water.

Effect of ionic strength of dissolution medium ongdrelease
The effect of the ionic strength of the dissolutioedium was studied by adjusting the ionic strenaftithe
dissolution medium by 0.01 M, 0.05M and 0.1 M NaCl.

100 - .
100 Indion 224 Indion 244
90 ‘ 3
80 - 7
80 - ./
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a70 &
260 °
> 3]
x x
=20 [=)
S 20 - —o—0.01M
540 a NaCl
330 > —=—0.05M
20 20 - NaCl
—e—(0.1M NaCl
10
0 0 T T 1
0 2 4 6 0 2 4 6
Time(hrs.) Time (hrs.)

@ (b)
Figure 6. Effect of ionic strength of dissolutiormedium on % drug release from the (a) drug-Indion24 resinate and (b) drug-Indion244
resinate

The amount of drug released from tramadol-resingteres as a function of ionic strength of dissolutmedium
was investigated. To study the effect of the istiength of dissolution medium on % drug releagedm figure
6.(a & b) it was clearly evident that the ionicestgth of dissolution media has marked influencehenrelease of
the drug from resinates particles. It may be du¢hfact that as the electrolyte concentrationeiased in the
medium it decreased Donnan potential and theretifeedecrease in the affinity of the drug with mesiherefore
the drug release mechanism was accelerated.

Effect of valency of ions in dissolution medium

To understand the influence of valency of ionshia dlissolution medium 0.1 M NaCl (Nand 0.1M CaG(C&™")
were used to study the release mechanism of damg ftwo model resinate i.e. tramaodol hydrochloridedion
254 and Indion 284.
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> —e—IN284/0.1M CaCl2
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0 1 2 Time(hrs.) 3 4 5

Figure 7. Effect of valency of ions in dissolutiomedium on %drug released from prepared resonates

Figure -7 shows that the % drug release profildainbd for the study of influence of valency ofs$an the release
medium from prepared tramadol hydrochloride resi®laRapid release of drug from resinate was obdarvéhe
dissolution medium containing divalent ion i.e."@a compared to dissolution medium containing moaent ions
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i.e. N&. The release data in these two different mediuvowsithat there is a marked influence of valencipo$ on
the drug release from drug- resinate.
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Figure 8. In-vitro drug release profiles of tramadd hydrochloride loaded resinates

The release profiles of different ion exchangengsised were studied and the release profiles emnpared to see
the effect of properties of different IER (ion eatlge resin) material such as particle size, mastontent and
degree of cross linking of IER. From the resultsnofitro release profiles (and Figure 8) it wasmcladed that the
particle size and degree of cross linking of thR Eeem to have significant role on drug release.

Fine particles have more surface area then coarsielps as internal volume for ions to diffuse Jess time can be
required to establish equilibrium. Similarly desiowp of bound drug from the complex will be fasier fine
particles moreover when an ion exchange resingklicross linked the diffusion of various ions damimpeded
and this will increase the time required to reaghiléorium and reduce the amount of drug loadede Phrticle size
of the Indion 224 and Indion 284 which is withiretrange of 0.2- 1.2 mm is larger as comparechtioh 244 and
254 having particle size < 150 p. This may berdason that higher drug release was obtained ineinates of
Indion 224 and Indion 284 as compared to resin&ttndion 244 and 254. This phenomenon may be furthe
explained on the basis of surface area of the I&Raller particles bear the larger surface areathisdmay be
reason that the release profiles of Indion 224 28d shows rapid release while others shows timesrhgnt
controlled release. However higher cross linkedneedisplay the more sustained release effect kwmr cross
linked resins, as can be noticed from the releasfefigures.

Modeling drug release kinetics through resinates
The resin particles are assumed to be uniform sghef radius r, Boyed et al., showed that wherepticle
diffusion was only the rate controlling proces# following expression gives the fraction of dretpased F.

1.2
1
0.8 [
g)80.6
o
L
04 # INDION 224
o = INDION 244
INDION 254
0
0 1 2 Time (hrs.)?’ 4 5 6

Figure 9. Kinetic drug release profiles for fractin of drug released F

All the F values below 8.5 are showing (Figurel linearity so the drug release from drug- resi@@sumed to be
by diffusion as a rate limiting step. Further thevdtues more than 0.85 are reduced for the Bt astisnand the
further studied for the release behavior of regsinfit5-16].
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Figure 10. Bt — t plots particle diffusion from theprepared drug resinate

Table 4. Drug Release kinetics data for the Bt-tlpts

Drug —resin complex  Equation of linearity R
INDION 224 y=0.2107x - 0.1366  0.9513
INDION 244 y =0.1438x - 0.1072  0.9782
INDION 254 y =0.2506x - 0.1941  0.9613
INDION 284 y = 0.2683x - 0.1881  0.9424

From the Figure-10 and table 4 the correspondinghi plot of Bt corresponding to F values versmetis straight
line, it can be assumed that drug diffusion wittia resin matrix is the rate limiting step for ede of drug during
the initial 3-5 hrs of release. The increasing emi@tion of drug in the release medium and foromatf the
stagnant boundary around the resin particle miggnd ko another kinetic-release behavior.

CONCLUSION

Tramadol hydrochloride resinates were preparedesstally using Indion 224, 244, 254 and 284 anduased.

The physical properties of resinates were founbet@ptimal for manufacturing process. The releaséles of all

formulations when applied to Boyed model kinetihewss the diffusion mechanism as a rate limiting ske vitro

drug release profiles of resinate shown the pH peddent release. Also the ionic strength and vslesfc
dissolution medium has influence on drug releasesiiates (complexes) retarded the release of tianzad

further sustain the release profiles can be obdaimeincorporation of resinates in polymer matricEse present
investigation controlled release resinates, furtiteinsure safety and improvement of efficacy ofigithrough
maintenance of consistent drug level as well agptompliance by reducing the frequency of adstiation.
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