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MEDIA ON RELEASE OF DICLOFENAC FROM ION
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ABSTRACT

Drugs can be loaded on ion exchange resins in order to control their release. Loading of diclofenac

sodium on the resin beads not only sustain its release but also reduce its gastreintestinal mucosal
injury. In this study the effect of loading solution and concentration of diclofenac in loading solution
on total amount of drug loaded on the resin beads (Amberlite IRA-900) and the release
characteristic of drug in different media were examined. Results showed that diclofenac resin
complex did not release their drug content in simulated gastric fluid but released it in simulated
intestinal fluid independent of exposure time in acidic conditions. The effect of a number of
parameters such as ionic strength and pH on the release characteristc of drug-resin complexes were
also examined. Results showed that although jonic strength is an important factor, drug release is

more affected by the pH of the media.
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INTRODUCTION

A continuous and uniform release of a drug over a
long period of time may be obtamed if 1t s
chemically bound to a solhd carnier. from which it s
slowly released by the action of gastrontestinal
fluid. Examples of such carriers are 1on exchange
resing, which have been used for several drugs in
order to sustain or control their release (1) or
increase their gastric residence time {2) lon
exchange resins consist of two principal parts: a
structural portion consisting of a polymer. mostl
stvrene crosslinked with divinyl benzene, and a
functional portion. which is the ion-active group to
which the drug is bounded. lon exchange resing
according to their functional group fall mnto two
broad classifications, cation exchangers and anion
exchangers and drugs with the appropriate charge
may bind to the functional group of the resin
backbone. When this drug-resin complex reaches
the gastromtestinal tract, the reverse reaction takes
place and the drug is released. Loading and release
of drugs from 1on cxchange resins may depend on
many factors such as size and concentration of the
ions being exchanged, dissociation constant of the
drug, ionic strength and pH of the medium (3.4).

Diclofenac sodium 1 an deal candidate for
formulation in a sustained release form due 1o s

rapid elimination and its adverse gastrointestinal
rcaction (3). A number of investigations have been
carried oul using ion exchange resing as a delivery
system for diclofenac (6-9). Some mvestigators
have attempted to suppress drug release n the
stomach and its damages to the stomach by using
coated 1on exchange resin loaded with diclofenac
{10} Torres et al. belicve that drugs with low acid
solubility will precipitate in the acidic medium on
release (11} The mamn aim of this study was to
investigate the release characteristics of diclofenac
from  anien  exchange  resins in simulated
gastrointestinal fluids and to cxaming if exchange
of diclofenac takes place in acidic conditions.

MATERIALS AND METHODS

LDirug locading

Resin beads were punfied prier to use by
successive washing in delonised water, 95% and
0% ethanol and finallv deiomsed water (1), To
prepare the diclofenac resin complex, resin beads
(000, Amberlite IRA-200, Rohm & Hass, France)
were treated with cither agqueaus or hydroalcohaolic
solution (30%) of diclefenac sodium as follows:
One gram of the punficd resin beads was placed m
400 ml of 0.025 M aqueous solution of sodium
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diclofenac (Ciba-Geigy, Switzerland) or 200 ml of
005 M hydroalecholic  solution  of  sodium
diclofenac and continuously agitated at a rate of
300 rpm for 2 hours followed by washing and
drymg at room temperature.

The cffect of the concentration of loading solution
on the total amount of drug loaded on the resin
beads was studicd using 001, 0.02, 0.05, 0.1 M
hvdroaleoholic  solutions of 1.5 mEq sodium
diclofenac. In this experiment g of resin beads was
treated with above solutions for 24 hours followed
by washing and drving at room temperature,

Dirug content measurement

Measurement of the remaining drug in the effluent
and complete release of the drug loaded on the
beads was used to determing the total amount of the
drug loaded on the resin beads. Remaming drug in
the effluent solution was measured spectrophoto-
metrically at 275 nm and 282 nm for agqueous and
hvdroalcoholic  solutions  respectively. 0.1 g of
drug-resin - complex  was  placed In a  beaker
contaming 900 ml KClL (04M) at a constant
terperature of 37°C while stirring at 30 rpm, The
medium - was  replaced  every 24h with fresh
solution, The ameunt of diclefenac in solution was
determined using UV spectroscopy at 265 nm. The
process was continued until the UV absorbance of
the solution remained constant. The difference
between the weights of the resin beads belore and
after drug loading was also used as a parameter
determune the total amount of the drug on the drog
resin complexes

Dirug refease

Drug  release from  drug-resin complexes  was
studied using the USP method 11 dissolution
apparatus, Drug resin complex (001 g) was placed
in a dissolution vessel contammng 900 ml of ather
simulated gastrie flid without enzyme (ph 109 or
simulated meestinal fluid (pH 6.8) or KCL {040,
pH 3 23 according to Raghunathan studies (12}

The  solutions  were preparcd  freshiv, The
temperature was kept at 37°C and wvessels wore
covered  to provent  gvaporation  during  the
experunen

The mediom was sorred with a two-bladed paddle
at 30 rpm. At appropnate intervals, 5 ml of the
medium  were faken and  the amount of drug

]

released was measured at 273 nm for simulated

gastric flud, 274 nm for simulated intestinal fluid
and 263 nm for KCI,

To investigate the probable amount of drug released
and precipitated in simulated gastric fluid, the USP
open flow through cell {(apparatus IV) was applied.
0.1g of drug-resin comples was placed 1na small
dissolution cells kept at 379C. 2.5 lirve of simulated
gastric fluid with flow rate of 7 mlimin was passed
through each cell. The continuous flow of the
mediom not only achicves sink condition but also
allows precipilated droug particles to leave the cells.
Fluid exiting from the cells was muxed with the
same volume of NaOH (0.2M) to adjust the pH at
12 and the absorbance of the samples was measured
for diclofenac at 275 nm. Each experiment was
repeated 6 tmes. The influence of exposure lime in
simulated gastnie fluid on the subsequent release in
simulated intestinal fluid was investigated. 100 mg
esin beads were placed in contact with simulated
gastric fluid for 30, 60, 120 180, 240 and 360 min
bofore bemg  transferred to simulated  intestinal
flurd. Drug release i this medium was studied as
detailed above,

RESULTS AND DISCUSSION

To endeavour to icrease the drug content of the
resin beads. sodium diclofenac was added i water
and hvdroaleohole solution was added to a fixed
amount of resin beads. Aleohol was added to the
leading solution o merease solubilicy of the drog in
aguecns solution. The mean amount of drug loaded
an 1o oresms was 0726197 me and a0d =21 46
mg from agueous and aleohohe loading solution
respectively. The mean bead  size measured by
standard sieve method after drug loading was T3p
and 6230 wath agueous and  aleoholic selution
respectively, Despite the mercase i selubihty, the
aleoholic solution dwl not werease the capacity of
the resin beads for diclofonae and even caused a
reduction o drug loading, Some  free drug
molecules will be loosely attached to the surface of
the beads after preparation and these will be casilv
removed durmg the woashing process. Tlus drug Joss
15 oanercased when the hvdroaleoholic solution s
acdicion, by omereasing the amount of
aleohol in the solution. the acid  dissociation
constant - of  sodwm diclofenae and  as resull
proportion of jomsed diclofenac s deereased (13)
and conscequently the loading capacits of the resin
for diclofinac 1s bomg lowered (theorencal capacits

used. In
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of this resin according to manufacturer for HC is
4.2y, The tatal amount of the drug eluted from 1 g
of drug-resin complex by using KCI solution as
cluents were 4694 mg and 427.7 mg for agueous
and hvdroalcohelic selution respectively. These
amounts are similar to the amount loaded on 1g
resin as it was determined by spectrophotometric
measurement of the eluted solution. These results
show that the 1otal amount of diclofenac loaded on
the resin beads could be available for in who
absorption. The effect of concentration of loading
solution on the total capacity of the resin beads for
diclofenac was also studied. Results also showed
that in  the applied range.  changing  the
concentration of loading solution has no effect on
total drug loading {Table 1.
From these results  the

equilibrivm  constant

between diclofenac and chloride ions { £ ) can be

calculated by applying equations | and 11,
Equation 1

(”'I;) }{ : [}h‘; ' }_‘

l-'!guatmn Il

Where [12]., | D], are drug concentrations in mIig/ml
in the solution and inside of the resin. [C1), [C1), are
chloride fons concentration in the solution and
resin. V. and Vroare volume of solution and resin

beads i oml (mp) oand {mg) oare amounts of

diclolenac and O dons. Based  on these
caleulations. the equilibrivm constant 15 a function
af the amount of jons rather than its concentration

This finding is in agreement ‘-th the |:«|||1.~
obtained from the experimental studies. As the
volume of solutions containing resin beads and
loading solution is constant, K. can be caleulated
an the basis of the amount of wons e both phases.
Table | shows the caleulated equilibrium constant
of 1.5 mEg/z sodium diclofense m loading selution.
The meawn amount of drog loaded on the drug resm

complexes was 0.89+0.068 mEg/e and K is

0.43=0,126, The mean amount of drug leaded on
the drug resin complexes that have been in contact
with excess of sodium diclofenac {10mEqg/g)
alcoholic solution is 2.33 mEq. The eguilibrium
constant abtained from this experiment is .423
which is not much different from that obtained
fram different concentration and amounts of drug in
loading solution,

The amount of the drug loaded on the resin is less
than the capacity of the resin. It can be concluded
firstly that the amount of the ions in the loading
solution afTects the total amount of drug on the
resin and secondly, in a bateh operation, the
complete capacity of the resin cannot be obtained.

Table 1. Total amount of drug loaded on drug resin
complexes and equilibrium constant of leading reaction
for different concentrarions 1.5 mEa/z of diclolenac in
loading solution

Concentration Drug loadsd | Equilibrium
| _mEqy | constant
| 085 | 035 |
| 097 0.60
0,42 047
0.82 031
Mean 230.9 0,80 043
5D 17.68 | 0.068 0.12

Tahle 2. Total drug relensed from drug resin complexes
i simulated intestingl Nuid being in contact 1o acid for
-;I|Tr srent per mm ol tnm

Exposure lime to acid L)lLI” Feleased

{1min) | (%%1SD)

0 5 15.8+0.28

a0 [ 15. 5203

60 f 15.240.25

_ R [ 159402

[ s0 ] 15.740.32
"""" 240 | 153009 |

60 ' 1541020

Mean 15.540.22

e release

Dirug release from ion exchange resins loaded with
diclolenac was studied in simulated gastric Tuid,
Because a spectrophotometric method was used, no
drug was detected o the medium. as it was
expected from the results of Torres et al. {11).
These authors have stated that the precipitation of
the sodiom diclefenae in gastrie Muid is the main
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factor for the lack of drug release in this medium.
In fact they concluded that the drug is released afier
exchange with existing ions and because of the Tow
solubility of diclofenac in acidic solution and the its
precipitation, it is not detectable. In this study it is
shown that release of the drug from drug resin
complex does not occur. To further study this, the
open dissolution methoed was applied. The pH of
the collected medium was adjusted to alkaline by
means of sodium hvdroxide (0.2 M) in order to
dissolve any precipitated  diclofenac in the
simulated gastric fluid. After changing the pH. the
amount of the drug in the solution was assaved
spectrophotometricallv, The results are shown in
Figure 1 and indicate that, even allowing for
precipitated drug. the release in acidic medium was
negligible {3.8%). To confirm this, drug resin
complex was placed in simulated gastric fluid at
different periods of time and the content ol drug
remaining in the beads was investigated in
simulated intestinal fluid. The results, given in
Table 2. show that the amount released in simulated
intestinal  fluid is independent of the tume of
pretreatment in acidic conditions {(P<0.4). Ming-
Thau et al. claimed that in spite of the absence of
drug release in the simulated gastric fluid, the
length of the time that a preparation {an enteric-
coated tablet containing diclofenac) is retained in
simulated gastric Muid alfected the rate and extent
of drug release after transformation to the simulated
intestinal fluid (14). They believed that this might
be caused by the deposition of a laver of insoluble
drug around the preparation, This was not the case
with the drug resin complex. As shown in figure 2,
the period of exposure time to simulated gastric
Muid did not even change the profile of drug release
in simulated intestinal fluid. Therefore one can
canclude that ion exchange between tons in the acid
medium and diclofenac on the resin beads has not
accurred, Precipiiation of the released diclofenac on
the surface of the resin beads is not also the reason
for the absence of diclolenac in simulated gastric
fluid. Therefore, diclofenac can be protected from
release in the stomach by loading on the ion
exchange resins. Figure 1 compares drug release
profiles from drug resin compleses in KO medium
(04N, pH 5.2} and simulated intestinal fluid. Drug
release from resin beads in KO was fast and
complete in comparison with the pattern of drug
release in simulated intestinal fluid. As can be seen,
the elution half-life (150-,) in KCl was 180 min and

80% of the drug was released in 600 min. One
explanation for this observation is the ionic strength
differences between the media, One of the Tactlors
that afTect drug release from ion exchange complex
is ionic strength, since increasing the iwonic strength
of the medium facilitates ion exchange (4.13). lonic
strength of the KOl solution is higher (n=0.4) in
comparison with that of the simulated gastric fluid
(pu=0.1185) However more drugs are released in
simulated intestinal fluid. which has an ionic
strength (p=0.079) less than that of the simulated
gastric tluid. Therefore ane can conclude that the
ienic strength s not the main factor in controlling
drug release from drug resin complexes but the pH
af the medium could be the more important factor
1 be considered,

To study the actual effect of the ionic strength of
the medium, drug release was investigated in KCI.
[ this study pH ol the mediom was kept constant at
5.2 while ionic strength was varied (0.2, 0.3, 0.4}
Diclotenac release i KO (pH 5.2) changed by
ionic strength of the medium and increasing the
ianie strength inereased drug release (Fig. 3). Rate
of drug release m KCl (p 0.4) at pH 1] was
negligible (2% after § hours). The effect of the pH
on drug release in KOCT (04N was investigated in
media with constant ionic strength (u=0.4) and
different pHs (1.1, 5.2 and 6.8) Increasing pH to
5.2 while keeping iomie strength constant caused
faster drug release. However changing pH of the
medium toward the more neutral (pH 6.8} did not
inerease the drug release from DRC (fig. 41 In fact
reduction in drug release by reduction of pH at a
constant jonic strength follows solubility of the
diclofenac in those media. Solubility of diclofenac
s Img/ml in HC (pH 1.1} émg/ml in phosphate
buffer (pH 7.2) and 9 mg/ml in fresh distilled water
{pl 3.2).

CONCLUSION

These studies have shown that the amount of the
drug released from jon exchange resins loaded with
diclofenac in simulated gastric fluid is negligible
and suggest that diclofenac can be protected from
release in the stomach by loading on to ion ex-
change resins, Drug release in simulaled intestinal
fluid from drug resin complexes with and without
any  exposure  to o acidic medium was  not
significantly different (P=0.4) which shows that
there is no relation between profile of the drug
relense and its presence in acidic media,
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Figure 3. Effect of jonic strength (p) on drug release
from drug-resin complexes in KCl with pH of 5.2 and
different ionic strengths.
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Figure 4. Effect of pH of the dissolution medium on
drug release from drug-resin complexes m KO (04N
with ionic sirength equal to 0.4y,
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Therefore this system has the capability to be used
as a controlled system Tor diclefenac not only for
sustaining its release but also protecting the gastric
mucosa from damage. Results showed that the drug
release in phosphate buffer (pH 6.8 1s facilitated by
increasing the ionic strength of the medium,

As it can be seen, the drug release from DRC is
related to 1onic strength, Although pH plays more
important role in constant ionic strength and drug

release increases by increasing the pH, solubility of

diclafenac in the medium also must be considered.

Further experiments are required to be carried out
in order to determine the main factors influencing
the release of drugs inte media in which they are
relatively insoluble.
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