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Abstract

The principal component of aqueous extract of jelly fic(is awkeotsandylakino) seeds is a pectin-type polysaccharide,
gelling even at room temperature without adding any sugars, acids or ions. The objective of this study was to evaluate jelly fig
extract (JF) as a matrix base for sustained release tablets. Drug release profile from JF tablet was examined using theophylline as ¢
model drug, compared with those from USP graded pectin (USP-P). Release profile from JF tablet was a sustained release patterr
and not affected by pH of medium. USP-P tablet showed a similar release profile of JF tablet, however, the release mechanisms
differed. Matrix erosion studies revealed that the percentage of drug released from USP-P tablet was proportional to that of matrix
eroded. On the other hand, JF tablet was eroded up to 50% of matrix for 4 h and showed a constant value thereafter. According to
water uptake studies, JF tablet showed an initial burst swelling followed by slow water uptake, suggesting diffusion-controlled
kinetics in later phase. Moreover, theophylline release rate from JF tablet was modified by drug content in the tablet, increasing
with decrease in drug amount. These findings indicated JF was a potential hydrophilic matrix for controlled drug delivery.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of Taiwan. The seeds of its fruit, called jelly fig
or “Ai-Yu-Tung,” are used to make a dessert jelly
Ficus awkeotsangvakino, of the Noraceae fam- cake in some oriental countries. The aqueous extract
ily, is grown on the mountainsides of the central part spontaneously forms a pudding-like gel even at room
temperature without any additives. Since 1930, the
"+ Corresponding author. Tel.: +81 3 3810 1111; unique gel-forming_ property of thejelly_fig extract (JF_)
fax: +81 3 5692 7622. has been the subject of many chemical and physio-
E-mail addressmyph@dnh.twmu.ac.jp (Y. Miyazaki). chemical investigations. Early stud@{a and Tanaka,
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1966 suggested that the gel-forming polysaccharide 2. Materials and methods

may be pectin, containing some neutral sugar com-

ponents, i.e., arabinose, galactose and rhamnose. Af-2.1. Materials

terward, the acidic polysaccharide in jelly fig seeds

was an essentially linear polysaccharide containing  Dried seeds of jelly fig were provided by Mansho

a (1-4)»d-galacturonic acid residues and was devoid Co. (Yokohama, Japan). Low methoxyl pectin (LM-P,

of L-rhamnose residues which were necessary for GENU type LM-13CG) with a degree of esterification

gel-formation of high methoxy pectinkbmae and 38% and high methoxy pectin (HM-P, GENU type D

Misaki, 1989. Studies on gel-forming mechanisms slow set confectionery) with a degree of esterification

have suggested that the high methoxy polygalactur- 62—65% were generously supplied by CP Kelco Japan

onide in JF would be converted into a methoxyl-free ApS (Tokyo, Japan). USP grade pectin (USP-P) with

or low methoxylated polygalacturonide by action of a degree of esterification 74% and theophylline anhy-

endogenous pectinesterase, and calcium ions in JFdrous (TH) was purchased from Sigma Chemical Co.

were simultaneously placed between the polygalac- (St. Louis, MO). TH and three kinds of pectins were

turonide chains, leading to the formation of an ionic- used after sieving through a 100-mesh sieve (less than

bound type gelKomae et al., 1989 Although a va- 150pm). All other chemicals were of reagent grade

riety of studies have been conducted, there is no re- and used as received.

port on an application of JF to drug delivery systems.

We considered that JF with unique mechanism of gel- 2.2. Extraction from jelly fig seeds

formation was useful to develop a new device for drug

delivery. The jelly fig seeds (6g) were soaked in distilled
Recently, many controlled release formulations water (100 mL) and extracted for 15 min while stir-

based on hydrophilic gel-forming matrix tablets have ring. The resulting extract was passed through nylon

been developed. Numerous polymers, such as polysac-cloth, and the filtrate was immediately freeze-dried.

charides, have been used in the tabldtsl{a, 199). The powdered extract was used after sieving through a

Among them, pectins have been successful choice 100-mesh sieve (less than o) for further exami-

for this purpose to some exterifigggar et al., 1992;  nations.

Sungthongjeen et al., 1999%ectins are hydrophilic

linear polysaccharides extracted from plant cell walls, 2.3. Preparation of hydrophilic matrix tablets

chiefly consisting of partially methoxylated poly

(1-4)p-galacturonic acids, like as main components Flat-faced tablets (200 mg, 8 mm in diameter and

of JF. They are generally regarded as nontoxic ma- about 3.2 mm in thickness) were prepared by com-

terial, mainly used as gelling agents in many food pressing mixtures of TH and matrix base directly under

industries. Therefore, first of all, we investigated 150 kgf/cn? for 30 s using a hydraulic press (Shimadzu

JF in a form of hydrophilic matrix tablet in the Co. Ltd., Kyoto, Japan). TH and matrix base, such as

course of studies on an application to controlled drug JF, LM-P, HM-P or USP-P, were mixed by a mortar and

delivery. pestle, at the ratio of 1:4 except especially mentioned.
In this study, hydrophilic matrix tablets were pre-

pared from JF by direct compression. Drug release 2.4. Drug release study

behavior of JF tablet was investigated compared with

commercially available pectins, low methoxy pectin, Release experiments were conducted by a rotating

high methoxy pectin and USP graded pectin, using basket method (100 rpm) at 370.5°C. The dissolu-

theophylline as a model drug. In order to reveal the tion media used were 900 mL of JP XIV 1st fluid (pH

drug release mechanism of JF tablet, matrix erosion 1.2, 0.07 M HCI and 0.0342 M NacCl), 2nd fluid (pH

and water uptake studies were performed. In addi- 6.8, 0.05M BKPO, and 0.0236 M NaOH), and ac-

tion, the effects of pH in release medium and ratio etate buffer (pH 4.0, 0.04 M G3€OONa and 0.168 M

of drug to JF on drug release from the tablets were CHzCOOH). Five mL samples were withdrawn from

examined. the dissolution vessel at 0.25,0.5, 1, 2,4, 6,and 8 h and
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filtered with a membrane filter (pore size 04&). whereW; andW are the wetted and initial weights of
The filtrate was analyzed spectrophotometrically for the same tablet, respectively, aKdis the amount of
TH content at 274 nm. An equal volume of the same TH released at timet, All experiments were carried
dissolution medium was added to maintain a constant out in triplicate.
volume. The data represents an average of three deter-
minations.

3. Results

2.5. Erosion study
3.1. Release profiles from tablets

Tablet erosion studies were performed by a method ) ] )

similar to the drug release study. Tablet placed ina  Fig: 1shows TH.reIease profiles from varlougtablets
basketwas subjected to dissolutionin 900 mL of JPXIv ©btained by arotating basket method at a rotation speed
2nd fluid at 37C at a rotation speed of 100 rpm. At of 100 rpm. LM-P and HM-P tablets showed initially
appreciate time, the tablet remaining in the basket was "apid release profiles up to 80% released and then slow
removed and dried to a constant weight in a hot air oven rélease patterns thereaftéungthongjeen et al. (1999)

at 60°C. The amount of TH released at the same time Observed similar findings using high methoxy pectin
was also determined spectrophotometrically at 274 nm (GENU pectin type B). LM-P and HM-P contain some
in order to calculate the amount of drug remaining in S0lid sucrose in order to modulate gelling ability. The
the tablet. Three different tablets were measured for rapid release of TH may be owing to dissolution of su-
each time point, and fresh tablets were used for each €f0S€ molecules, leading to rapid swelling and erosion

individual time point. The percent eroded at each time Of the tablets. Drug release rates of LM-P and HM-P
point was calculated from tablets were similar to each other, although the solubil-

ity of pectin decreased as the degree of esterification in-
Mi—(Wq — (Xi — X)) creased. It was probably due to the rapid dissolution of
x 100 (1) . . " :
M, sugar, covering up the influence of solubility of pectins.
o ] ] On the other hand, USP-P and JF tablets showed sus-
whereM; andX; are the initial weights of matrix and  (ained release profiles over 8 h. Although the release
drug loaded, respectivelWy is the dried weightofthe a5 of JF and USP-P tablet were similar, the release

erosion (%)=

tablet andx is the amount of TH released at tinte,  echanisms seemed to differ. It was because at the

All experiments were carried out in triplicate. end of release test USP-P tablets were completely dis-
solved, however JF tablets maintained rigid gel matri-

2.6. Water uptake study ces. Therefore, we performed further studies for char-

acterizing JF tablet compared with USP-P tablet.
Water uptake studies were also performed by a
method similar to the drug release study. A weighted 3.2. Kinetics of drug release
tablet placed in a basket was subjected to dissolution
in 900 mL of JPXIV 2nd fluid at 37C at a rotation In order to understand the mode of drug release from
speed of 100rpm. At a selected time interval (1, 2, 4, JF and USP-P tablets, the release dat@00s) were
6, and 8 h), the tablet was withdrawn and excess water fitted to the following power law equatiofiRitger and
removed, then weighed. The amount of TH released at Peppas, 1987
the same time was also determined spectrophotometri-
cally at 274 nm in order to calculate the amount of drug —~— = k¢" (3)
remaining in the tablet. The water sorption character- Moo
istics of the tablets were expressed as percent waterwhereM{/Mq is the fraction of drug released at time,
uptake according to the following equation: t, k is the proportionality constant which accounts for
the structural and geometrical properties of the ma-
] x 100  (2) trix, and n is the diffusional exponent indicative of
the mechanism of drug release. AccordingRitger

Wi — (Wi — X))

water uptake (%)= { W
I
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Fig. 1. Drug release profiles from tablets prepared from@); USP-P (), LM-P (A), HM-P ([O). The experiments were performed using the
JP XIV 2nd fluid at 37C. Each point represents the meias.D. (1= 3).

and Peppas (1987a value of the exponent,=0.45, of the matrix dissolution. This suggests that there is a
0.45<n<0.89, 0.89 n<1.0 indicates Fickian diffu-  constant amount of drug present in the eroding poly-
sion, non-Fickian (anomalous) diffusion and zero- mer during specified time intervals. These results also
order transport, respectively. The results are summa- indicate that drug release may be described as a process
rized in Table 1 The release data for JF and USP-P thatis controlled solely by erosion of the tablet. On the
tablets give a good fit in Ed3). As seen inTable 1 other hand, erosion of JF matrix was ended within 4 h
the values of diffusional exponemt,for JF and USP-P  at 50% eroded as shown kfig. 2b. Initial weight loss
tablet were 0.87 and 0.90, respectively, indicating non- of the matrix may be caused by dissolution of small
Fickian kinetics and zero-order transport, respectively. molecular components of JF, because aqueous extract
from jelly fig seeds contains about 7% of inorganic
3.3. Matrix erosion ions (Suzuno et al., 1997and low molecular weight
polysaccharide to some extent, and so on. Then gela-
In hydrophilic matrix tablets, hydration of polymer tion appeared to be occurred, being not viscous but
results in the formation of a gel layer, followed by ma- tough and porous, also less susceptible to erosion. It
trix bulk hydration, swelling and erosioBémbaetal.,  Was also evident, frofig. 2b, that the amount of drug
1979. Therefore, we examined the tablet erosion by a released from JF tablet was difference in the magni-
similar method of drug release studfjg. 2shows TH tude of that of matrix eroded. Therefore, in later phase,
release from matrix as measured spectrophotometri- drug release from JF tablet may be more likely to be
cally and according to tablet erosion studiesFig. 2a, by diffusion of drug than by erosion of matrix.
TH release from USP-P tablet was identical to the rate

3.4. Water uptake by tablet
Table 1
Coefficients and exponents of drug release functions based on Eq.

The results of water uptake studies are presented
(3) for JF and USP-P tablets

in Fig. 3. The water uptake by JF tablet shows a con-
Matrix tablet  Coefficient Diffusional Corrt_algtion , stant rate up to 8 h, as shownfiig. 3a. On the other
parameterk) _exponent) _ coefficient (%) hand, the water uptake by USP-P tablet could not be
JF tablet 215 0.87 0.997 determined because rapid erosion of the matrix was
USP-P tablet 195 0.90 0.999 occurred. In general, swelling kinetic of matrix, which
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Fig. 2. Dissolution of USP-P (a) and JF (b) matrix tablets. Each point represents thetriBdan(=3). Key: @) drug release,[{)) tablet
erosion.

control the matrix dissolution, was an important deter- data to Eq(4). The data showed a good fit in the model
minant of drug release. The water uptake data obtainedwhich the value of exponent, being 0.2012 = 0.982),

for JF tablet were subjected to the Vergnaud model suggesting the rate of diffusion of the liquid is much
(Vergnaud, 1998to determine the rate of water up- less as compared with the rate of relaxation of the poly-
take. The generalized form of the Vergnaud model is mer segment. The result in this study, being extremely
showed as follows: small value, indicated that the kinetic of water uptake
was very complex, owing to an initial burst swelling
of the tablets. The initial swelling may be caused by

whereM; represents the amount of liquid transferred at dissolution of low molecular weight compounds in JF,
time,t, andkis a constantwhich depends on the amount @nd then followed by gelation of JF, making a rigid gel

Mt = ktn (4)

of liquid transferred after infinite time, the porosity of aYer.

matrix, and diffusivity. The exponemnt, indicates the

mechanism of water uptake. AccordingBbube et al. 3.5. Effect of pH on drug release

(1997)andRoy and Rohera (20023 value of the expo-

nent,n<0.5, 0.5<N<1.0,n=1.0 indicates diffusion- The effect of pH in the medium on TH release from

controlled, anomalous diffusion and stress relaxation- USP-P and JF tablets is shownHig. 4. In both sys-

controlled mechanisms, respectively. The data plotted tems, the drug release in 1st fluid, pH 1.2, was slightly
according to the Vergnaud model showifrig. 3o indi- slower than those in acetate buffer, pH 4.0, and JP XIV
cated that rapid hydration of the matrix was occurred by 2nd, pH 6.8. These may be due to deionization of car-
contactwith the release medium, and slow water uptake boxyl residue of polymer chain, resulting in decreased
continued to 8 h after. The kinetic of water uptake by expansion of polymer. So, the matrices were more rigid
the tablets was determined by fitting the water uptake to retard drug release. It was not crucial factor affect-

350 p
F 300 S s
S 250 .ﬁg d
= -
£ 200 f S 56}
5 5
= 150 =
g 100 § T y=02081x+4.4064
s X b R =0.9816
c 50 F s 5.2
=
4 ' 5
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(a) Time (h) (b) In (time)

Fig. 3. Water uptake profile by JF tablet. Each point represents thein8dD. (1=3). Key: (a) plot of percent water uptake as a function of
time, (b) plot of log percent water uptake as a function of log time.



44 Y. Miyazaki et al. / International Journal of Pharmaceutics 287 (2004) 39-46

100 F 100k
by =}
2 80 -; 80 +
3 g
S 60 S 60f
S 40t S 4t
§ 2
& 20t & 20t
0 i i ; ; 0 i ; i i
0 2 4 6 8 0 2 4 6 8
(a) Time (h) (b) Time (h)

Fig. 4. Drug release profiles from USP-P (a) and JF (b) tablets in various media. The experiments were performed using acetate buffer, pH 4.0,
(A), JP XIV 1st @) and 2nd fluid @) at 37°C. Each point represents the meas.D. (1= 3).

ing drug release rate, however, because differences inin unit volume of matrix,D is a diffusion coefficient
percent released at 8 h were within 10% in both system. of the drug in the matrixk is a kinetic constant and
C; is the drug solubility. In this case, the fraction of
3.6. Effect of drug/polymer ratio on drug release drug released at time, was expressed by following
equation.
Finally, we investigated the effect of drug/polymer
. : . . M, oS
ratio on drug release from the viewpoint of regulation —L —
of drug release rate. The effect of TH/JF ratio on drug Moo AV

r_elegse is shown ifrig. 5 Decreasing JF concentra-  \yhereM,/M,, is the fraction of drug released at time,

in Fig. 5a. As (_jescribed aboye, the drug release .after of the matrix. Then, Eq¢5) and (6)are substituted to
2 h was more likely to be by diffusion than by erosion.  gq (7).

Therefore, the release data after 2 h were characterized

()

by fitting to the Higuchi’s modeMiguchi, 1963 which M, S [2DCs\Y?

is given as follows: M~V <A> x /1 (8)
0 =kv/t  (A>Cy) (®) Eq. (8) indicates that the percentage of drug released
k= (2A D Cs)Y/? (6) is proportional to the square roots of time. The plots

for the release data of 2-8 h according to Higuchi's
whereQ(t) is the amount of drug released per unitarea model are shown ifrig. 5b. The percentage of drug
of matrix at time t, A is the total amount of the drug released as a function of square root of time is lin-

100 | *

- 100 ?é 80 F o
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= g 40
g 40 S
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& 20
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Fig. 5. Plot of percent released from JF tablets containing 19@20% @), 30% (a), and 40% M) of theophylline as a function of time (a)
and square root of time (b). The experiments were performed using the JP XIV 2nd fluitdGtBach point represents the meas.D. (1=3).
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ear, indicating that drug release is diffusion-controlled tains pectinesterase and calciumions, because the bind-
manner. The slope of each curveHig. Sb decreasedas  ing of calcium ions to low methoxylated polygalactur-
the loading doseA, increased (slope = 108:3(1/drug onide originated from high methoxy polygalacturonide
content}2+14.9,r2=0.707), as expected from Eq. in JF by action of endogenous pectinesterase lead to
(8). This result is in accordance with the result of curd- the formation of a rigid gel layer. The high amount of
lan matrix tablet using TH as a model drug, reported calcium ions in an aqueous extract of the seeds con-
by Kanke et al. (1992)The JF matrix was not eroded tributes to the formation of an ionic-bound, so-called
at 24 h after immersion into water (data not shown), “egg-box” (Komae et al., 1989 Although initial burst
similar to curdlan matrix tablet. The results indicated matrix erosion was caused by dissolution of low molec-
that release rate was modulated by changing the drugular weight compounds in JF, the polymeric matrix
amount in the tablets. maintained durable gel, lead to diffusion-controlled re-

lease mechanism in the later phase.

From the results in this study, JF had an advantage

4. Discussion over traditional vehicles, such as carboxymethylcellu-

lose, alginate, pectin, for a controlled release tablet,

In this study, hydrophilic matrix tablets were pre- since the matrix, which was formed on the drug re-
pared from mixtures of TH and JF by direct compres- lease process, was tight enough to maintain after 8 h
sion. The tablets showed pH-independent sustained re-and porous sufficient to complete drug release. This
lease behaviors which were regulated by drug amount might be related to oral controlled absorption system,
in the tablets. The matrix tablet was characterized by a OCAS (Sako et al., 1996 which has a fast and fully
rapid swelling in initial phase and a tightly gel-forming  swelling ability for complete drug release and form a
in later phase. This is the first ever application of JF to durable matrix to resistant for mechanical destructive
controlled drug release. force in the gastrointestine.

Pectins, most derived from citrus peel or apple po- Besides, pectins are microbially degradable
mace, have been studied for sustained release preparapolysaccharides. Therefore, they have been studied for
tions. The major problem encountered with pectins, in colonic drug delivery$inha and Kumria, 20Q1From
the field of hydrophilic matrix tablets, is their solubility  this view point, JF is probably degraded by bacterial
and swelling properties in aqueous media. As a conse-inhabitants of human colon and drug release behavior
quence, the matrix tablet consisting of this polymer from JF tablet will be affected by the degradation of
alone will be unable to prevent the release of drugs for polysaccharides in JF. So, it may be an attractive idea
sufficient time Rubinstein and Radai, 1985There- that JF apply to colonic drug delivery by mean of
fore, calcium pectinate has been studied for more wa- enzymatic degradation.
ter resistant derivatives. Accordinglta et al. (2003) Further studies are needed to describe any other pos-
the cross-linking of pectin with calcium ions inhibits  sibilities, however, these findings prompt us to appli-
the release of incorporated drug from the pectin tablets cation of JF for other drug delivery systems, e.g., hy-
by suppressing the dissolution and swelling of pectin drogels, microspheres, and so on.
macromolecules. Nevertheless, it does not inhibit the
diffusion of incorporated water soluble drugs from the
surfaces of the compressed tablets to the surrounding5. Conclusion
medium upon the drug’s hydration. Moreover, the drug
release will be strongly reflected by mechanical stress  We studied on JF having a unique gel-formation
in the gastrointestinal tract because of susceptibility of mechanism for controlled drug delivery as a form of

matrix to erosion. hydrophilic matrix tablet. TH release behavior from JF
On the other hand, JF tablets were not disintegrated tablet was sustained and not affected by pH of media.

(Fig. 2b) but rapidly swelled to large exterfify. 3a), The drug release rate was modulated by drug amountin

and their drug release rate was also suppressgdl). the tablet. According to erosion and water uptake study,

This was probably due to unique gel-forming property the matrix was characterized by initial rapid swelling
of JF as mentioned above. It is important that JF con- and erosion, and forming tight gel in later phase lead to
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refrain from additional erosion. Thus, the drug release Melia, C.D., 1991. Hydrophilic matrix sustained release systems
mechanism in later phase was found to be diffusion- based on polysaccharide carriers. Crit. Rev. Ther. Drug Carrier

controlled kinetics. These results demonstrated that ~ SYst 8. 395-421. _ .
Naggar, V.F., El-Khawas, M., Ismail, F.A., Boraie, N.A., 1992.

JF was a useful material for a sustained release Pectin, a possible matrix for oral sustained-release preparations
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