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Abstract

The aim of this study was to examine the influence of polyhydric alcohols (taste masking agents) on the rheological properties
of in situ gelling pectin formulations and on the in vitro and in vivo release of paracetamol and ambroxol from these formulations.
Gelation of orally administered pectin solutions containing calcium in complexed form occurred on release of calcium in the
acidic environment of the stomach. Inclusion of 10% (w/v) sorbitol in 2% (w/v) pectin sols reduced the viscosity and ensured
Newtonian flow properties. Xylitol and mannitol in similar concentrations were less effective in reducing viscosity; sucrose
increased viscosity and caused non-Newtonian flow. The in vitro release of paracetamol from 2% (w/v) pectin gels formulated
with 10% (wi/v) of sorbitol, erythritol, xylitol or mannitol, and of ambroxol from 2% (w/v) pectin gels containing 10% (w/v)
sorbitol, followed diffusion-controlled kinetics. Pectin gels (2%, w/v) containing sorbitol (10%, w/v) sustained the release of
paracetamol in the rat stomach and bioavailabilities of approximately 90% of those from an orally administered paracetamol
syrup were achieved. Sustained release of ambroxol from in situ gelling formulations was achieved with pectin concentrations

of 1.5 and 1% (w/v) and a sorbitol concentration of 10% (w/v).
© 2005 Elsevier B.V. All rights reserved.
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and the elderly who have difficulty swallowing solid 2. Materials and methods
dosage forms, suppositorie€dulthard et al., 1998;
Hansen et al., 1999 syrups Autret et al., 199 2.1. Materials
or chewable tabletsSuzuki et al., 2008 may be
more suitable dosage forms. Several oral formulations  Pectin (LM-104AS, DE =31%, Lot 23001-7) was
have been designed to achieve a more sustained desupplied by SANSHO Co., Osaka, Japan. Ambroxol
livery of this drug. Endo et al. (200Q)for exam- hydrochloride (Lot YT-13) was supplied by YIA Co.,
ple, achieved a high (90%) bioavailability in rabbits Shiga, Japan and paracetamol (acetaminophen)was ob-
from an orally administered heat-sensitive melting tained from Yamanouchi Pharmaceutical Co., Tokyo.
gel containingk-carrageenan and gelatin as gelling Caronal Syrup was from Showa Yakuhin Kako Co.
agents. Ambroxol is used in the treatment of bronchi- Ltd., Tokyo. p-Sorbitol, xylitol, p-mannitol, sucrose
tis to improve expectoration and requires three dos- and erythritol were obtained from Wako Pure Chemi-
ings per day for optimum therapeutic efficade(gin cal Ind. Ltd., Osaka, Japan. All other reagents were of
et al.,, 198%. Sustained release formulations based analytical grade.
on tablet, pellet or capsule dosage forms have been
developed to improve patient compliance. For ex- 2.2. Preparation of sols
ample, Alighieri et al. (1988)reported sustained re-
lease capsules containing lipid matrices, the release of  Pectin solutions of concentrations 1.0, 1.5 and 2.0%
ambroxol from which was controlled by a dialyzing (w/v) were prepared by adding the pectin to ultrapure
membrane. water containing 0.5% (w/v) (19.37 mmofY) sodium

We have recently described in situ gelling for- citrate and 0.1% (w/v) (9.01 mmot}) calcium chlo-
mulations of the polysaccharides gellan and sodium ride and heating to 40-5@ while stirring. Appropri-
alginate Kubo et al.,, 2008 xyloglucan Miyazaki ate amounts of paracetamol (1.0%, w/v) or ambroxol
et al., 2003, and pectin Kubo et al., 2004a)pwhich hydrochloride (0.6%, w/v) and-sorbitol (0, 5, 10, 30
were designed to achieve sustained release follow- or 40%, w/v) or selected polyhydric alcohol (10%, w/v)
ing oral administration. The xyloglucan formulation were then dissolved in the resulting solution. Solutions
was administered as a chilled solution which gelled of paracetamol (1%, w/v) and ambroxol hydrochloride
in the stomach on attainment of body temperature. (0.6%, w/v) were prepared in ultrapure water.
In situ gelation of the low methoxy pectin solutions Instantaneous gelation was observed when the
was achieved by including a soluble nonionised cal- pectin sols were added dropwise to simulated gastric
cium complex in the solution which breaks down to fluid (pH 1.2) asaconsequence ofthe release of calcium
release free G4 ions when the orally administered ions from the soluble calcium complex in the acidic so-
liquid formulation reaches the acidic environment of lution.
the stomach, so ensuring instantaneous gelation. Parac-
etamol and ambroxol release from both formulations 2.3. Measurement of rheological properties of sols
in animal models was sustained over a period of at and gels
least 6h with appreciably lower peak plasma lev-
els. The viscosity of sols (drug-free) prepared in water

With liquid formulations or chewable tablets itis of- was determined at 2@ with a cone and plate viscome-
ten necessary to include taste masking agents, particu-ter with cone angle?134 (TV-20H, model E, Tokimec
larly for the administration of paracetamol; sucrose or Co., Tokyo) using a 1 ml aliquot of the sample. Mea-
polyhydric alcohols such as sorbitol are often utilised surements on each solwere performed intriplicate each
for this purpose. In the present study we have exam- taking approximately 30s.
ined the effects of sucrose and several polyhydric al-  Gel strengths of pectin formulations with and with-
cohols including sorbitol, erythritol, xylitol and man-  out addedb-sorbitol were measured at 3C using a
nitol on the sol—gel transition, rheological properties rheometer (CR-500DX, Sun Scientific Co., Tokyo) by
and release characteristics of the in situ gelling pectin the method described previousMiffazakietal., 1998;
formulations. Watanabe et al., 1994Cylindrical gels of 2% (w/v)



40 S. Miyazaki et al. / International Journal of Pharmaceutics 297 (2005) 38-49

pectin were prepared by placing 30 ml of the sol into (3mg in 0.5ml). At given intervals, a blood sample
cellulose tubing (Viskase Sales Co., size 36/32), im- was taken from the jugular vein and analyzed as de-
mersing the tube in 150 ml of pH 1.2 simulated gastric scribed below. The protocols for the animal experi-
fluid (as specified for the JP XIV disintegration test) ments were previously approved by the Animal Ethics
and equilibrating for 24 h. The cylindrical gels (26 mm and Research Committee of the Health Sciences Uni-
diameter and 15 mm height), formed as a result of the versity of Hokkaido. The statistical significance of the
release of complexed calcium ions in the acidic en- results was assessed by the Studdrest and results
vironment, were placed in the rheometer and raised are presented as the meastandard error.

at a rate of 60 mmmint so pushing a probe slowly

through the gel. The changes in the load on the probe 2.6. Paracetamol assay

were measured as a function of the depth of immersion

of the probe below the gel surface. The plasma samples were separated by centrifuga-
tion and assayed by HPLC (Shimazu LC-10A with
2.4. Measurement of in vitro drug release a Shimazu SPD-10A detector at a wavelength of

254 nm). The assay of paracetamol was based on the
The release rates of paracetamol and ambroxol weremethods described bfxmeer et al. (1981with mi-

measured by using plastic dialysis cells similar to that nor modifications. To 200l of plasma was added
described previously\iyazaki et al., 1984 The ca- 200l of water, 10Qul of 2-acetoaminophenol solu-
pacity of each half-cell was 4 ml and the surface area tion (100ug mi~1 in 20% methanol) as internal stan-
of the membranes was 2.67 &énSols of pectin (1, 1.5 dard, and 7 ml of ethyl acetate. The sample was vortex-
and 2%, w/v) loaded with 1.0% (w/v) of paracetamol mixed and centrifuged, after which 5ml of the or-
or 0.6% (w/v) of ambroxol, were placed in the donor ganic layer was evaporated to dryness under a nitro-
compartment. An equal volume of simulated gastric gen stream. The residue was reconstituted withpd00
(pH 1.2) or intestinal (pH 6.8) fluid (as specified for of 50% methanol, and aliquots of 20 were injected
the JP XIV disintegration test) was placed in the recep- onto a 150 mnx 4.6 mm i.d. column, packed with
tor compartment. The donor phase and the aqueous rednertsil-ODS. Elution was carried out with acetoni-
ceptor phase were separated by a cellulose membranedrile (pH 4.0):sodium acetate buffer (15:85) at a rate
(Viskase Sales Co., Chicago, USA, size 36/32). The of 0.8 mImin! at 40°C.
assembled cell was shaken horizontally at the rate of
60 strokes min in an incubator. The total volume of  2.7. Ambroxol assay
the receptor solution was removed at intervals and re-
placed by fresh release medium. Comparisonwas made The plasma samples were separated by centrifuga-
with Caronal Syrup (containing 1%, w/v of paraceta- tion and assayed by HPLC (Shimazu LC-10A with
mol) or a 0.6% (w/v) aqueous solution of ambroxol a Shimazu SPD-10A detector at a wavelength of
hydrochloride under the same conditions. The concen- 210 nm) using the method described Byptterblom
tration of paracetamol or ambroxol in the samples was et al. (1987)with minor modifications. To 0.5 ml of

determined by HPLC as described below. plasma was added 1@0 of propranolol hydrochlo-
ride solution (0.2ug ml~1) as internal standard, 100
2.5. Animal experiments of 1M sodium hydroxide and 5ml of diethyl ether

and the sample was vortex-mixed and centrifuged. To

Male Wistar rats, weighing 250-350 g, were fasted supernatant was added jp0of 0.01 M hydrochloric
for 24 h with free access to water. The sol prepara- acid. After shaking and centrifugation, the diethyl ether
tion (0.5ml) containing 10 mg paracetamol or 3mg layerwas discarded and pof the acid layer were in-
ambroxol hydrochloride was administered orally using jected onto the analytical column (300 mx18.9 mm
a stomach sonde needle for rats (Natume Seisakushoj.d.), packed with Waterp.Bondapak Gs. A column
KN-349D). A stomach sonde needle was also used for (20 mmx 3.9 mmi.d.) packed with WategsBondapak
oral administration of Caronal Syrup (10 mg paraceta- C;g was used as a guard column. Elution was
mol in 0.5 ml) or the ambroxol hydrochloride solution carried out with acetonitrile—methanol-0.05M phos-
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phate buffer (0.65:1:3) at a rate of 0.8mlmin sols were Newtonian when sorbitol was included in the

at 40°C. formulation. The viscosities of each of the three pectin
sols (1, 1.5 and 2%, w/v) containing calcium complex
decreased following the inclusion of sorbitol in the for-

3. Results and discussion mulation, whereas in calcium-free solutions of pectin
the addition of 10% (w/v) sorbitol caused an increase

3.1. The influence of polyhydric alcohols on the in viscosity.

viscosity of pectin sols Fig. 2a and b show the influence of sorbitol concen-

tration on the flow properties of a 2% (w/v) pectin sol

Comparison ofig. 1a and b shows that in sorbitol-  in the presence and absence of complexed calcium. In
free pectin formulations the presence of calcium in both systems the viscosity of the pectin sols increased
complexed form caused an increase in viscosity, par- appreciably as the sorbitol concentration was increased
ticularly in the case of the 2% (w/v) pectin sol, the from 5 to 40% (w/v). The viscosities of the calcium-
flow properties of which also changed from Newtonian free sols containing low concentrations of sorbitol (5
to shear thinning behaviour. Although the calcium in and 10%, w/v) were lower than the equivalent sols con-
these formulations is in the form of a nonionised com- taining calcium complex; at higher sorbitol contents
plex with citrate, there are free Ndons present in  Viscosities were similar at equivalent sorbitol concen-
the sols (from the sodium citrate) which will interact trations. Addition of only 5% (w/v) sorbitol to sols
with the ionised COO moieties of the pectin. Whereas ~ containing calcium complex caused a change of flow
C&" ions form bridges between carboxylic groups on Pproperties from shear thinning to Newtonian behaviour
the same or different pectin chains causing gelation and a reduction of viscosity at all shear rates. These
through chain aggregation, Nans interact with only changes in viscosity resulting from sorbitol addition
one carboxylic group. Nevertheless, this interaction has have implications for the administration of the sols of
been shown to result in limited inter- and intra-chain this formulation; the lower viscosity improving the ease
bridging Manunzaetal., 1998; Yoo et al., 200&hich of swallowing of the solutions.
is the probable cause of the increased viscosity and ~ The polyhydric alcohols xylitol, erythritol, and man-
change to non-Newtonian flow properties observed in hitol increased the viscosity of calcium-free pectin sols
the 2% (w/v) sorbitol-free pectin sols. The presence of t0 a similar extent as sorbitol when added at the same
10% (w/v) sorbitol moderates the effect of the calcium concentrationKig. 3). In 2% (w/v) pectin sols con-
complex on sol viscosity and although the viscosity taining calcium complex all of these excipients ex-
of the 2% (w/v) pectin sols was higher when the sols cept erythritol changed the flow properties from shear
contained calcium complex, the flow properties of both thinning (in polyhydric alcohol-free sols) to Newto-

150 150
Ca?*-free solution Ca?*-containing sol

)
& 100 100F B
£
2
2
8 sof sof WE——8— ¢
< g —————=
D‘H—_-JD 2_4.(}_/_&“__——:0
0 50 100 150 200 250 O 50 100 150 200 250
(a) Shear rate (s) (b) Shear rate (s™)

Fig. 1. Effect of sorbitol (10%, w/v) on the viscosity at 20 of (a) calcium-free and (b) calcium-containing sols with pectin concentrations:
(triangles) 1.0, (circles) 1.5, and (squares) 2.0% (w/v). Closed symbols refer to pectin sols containing sorbitol, open symbols refer to pectin with
no added sorbitol. Each value is the mea8.E. of three determinations.
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Fig. 2. Viscosity at 20C of (a) calcium-free and (b) calcium-containing 2.0% (w/v) pectin sols contaiipd) (a) 5, (@) 10, (#) 20, (v) 30
and @) 40% (w/v) sorbitol. Each value is the me&rS.E. of three determinations.

nian flow. The efficiency of the polyhydric alcohols trations of between 10 and 40% (w/v), all formulations
in reducing the viscosity of these sols was in the or- exhibiting pronounced shear thinning characteristics.
der sorbitol > xylitol > mannitol > erythritol. A change Polyhydric alcohols such as sorbitol preferentially
in xylitol concentration over the range 5-40% (w/v) bind water molecules causing desolvation around the
caused similar changes in the flow properties of a 2% pectin chains and minimising the hydrogen bonding of
(w/v) pectin sol containing calcium complex to those water molecules to pectin chains. As a consequence,
of sorbitol shown irFig. 2b. The influence of sucrose  pectin chains can approach each other more closely
on the flow properties of 2% (w/v) pectin sols contain- and form cross-linked bonds, with a resulting increase
ing calcium complex is shown irig. 4. A considerable of viscosity. In addition, cross linking of pectin chains
increase of viscosity was noted with sucrose concen- will also occur by hydrogen bonding between hydroxyl
groups of sorbitol and those of the pectidhen and
150 - Joslyn, 196Y. Both of these effects would be expected

to lead to an increase of viscosity following the inclu-
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Fig. 3. Effect of taste masking agents (10%, w/v) on the viscos-
ity of calcium-free (open symbols) and calcium-containing (closed
symbols) pectin sols (2.0%, w/v) at 2. (circles) no added polyhy-
dric alcohol, (inverted triangles) sorbitol, (triangles) erythritol, (dia- ~ Fig. 4. Viscosity at 20C of calcium-containing 2.0% (w/v) pectin
monds) xylitol and (squares) mannitol. Each value is the rde&rE. sols containing©) 0, (A) 5, (@) 10, #) 20, (v) 30 and W) 40%
of three determinations. (w/v) sucrose. Each value is the meas.E. of three determinations.

Shear rate (s™)



S. Miyazaki et al. / International Journal of Pharmaceutics 297 (2005) 38-49 43

sion of sorbitol in the formulation, as was observed in 100}

the calcium-free pectin sol&igs. 1a and ZaThe ob- ((ab))
served increase of viscosity with increase of concentra- / (©
tion of sorbitol Fig. 2a) is an expected consequence of /

increased bonding as the number of polyhydric alcohol
molecules is increased. The other polyhydric alcohols,
mannitol (hexahydric), xylitol (pentahydric), and ery-
thritol (tetrahydric) had similar enhancing effects on
the viscosity of the calcium-free sols as the hexahydric
alcohol sorbitol Fig. 3).

The reasons for the observed effects of the polyhy-
dric alcohols on the viscosity of the pectin sols con-
taining complexed calcium are less clg@g. 3shows ) L L
that addition of 10% of each of these alcohols, except 0.2 o4 0.6
the tetrahydric erythritol, appreciably reduced the vis- Strain
cosity of these sols and caused a change to NeWtc'nianFig. 5. Rheological properties of 2.0% (w/v) pectin gels containing
flow. The order of effectiveness of the alcoholsinreduc- (a) o, (b) 10 and (c) 20% (w/v) sorbitol, in simulated gastric fluid at
ing viscosity (sorbitol > xylitol > mannitol > erythritol) ~ pH 1.2 and 20C.
is directly related to the number of —OH groups in these
molecules suggesting that the effect is related to the hy- as the stress at the point of collapse of the gel structure)
drogen bonding potential of the alcohol. The exception measured after equilibration of the gels for 24 h were
is of course mannitol, which although hexahydric, has 84.2,83.2 and 80.9 kN nt for sorbitol concentrations
less effect on viscosity than the pentahydric xylitol. 0f 0, 10 and 20% (w/v), respectively.

However, mannitol has a much lower affinity for water

than sorbitol (its solubility is about 3.5 times less than 3.3. Release of paracetamol

that of sorbitol) although both are hexahydric alcohols.

In general, our results have shown a viscosity reducing 3.3.1. In vitro release

effect of these alcohols at concentrations of 20%orless, The release profiles of paracetamol from gels
suggesting disruption of the aggregating effect of free formed by gelation of 2% (w/v) pectin sols with sor-
Na* ions in solution, but a viscosity enhancing effect bitol concentrations over the range 0—20% (w/v) and
at higher concentration&igs. 2 and #presumably as  containing complexed calcium are comparedrig. 6

the hydrogen bonding effects of the alcohols discussed with that from a commercial syrup (Caronal Syrup)
above predominatéig. 4 shows non-Newtonian flow  containing the same concentration of paracetamol (1%,
in sols containing even low concentrations of sucrose, w/v). The receptor solutions were changed after 1 h
suggesting strong hydrogen bonding and dehydration from simulated gastric fluid at pH 1.2 to a simulated
effects of this di-saccharide as might be expected from intestinal fluid at pH 6.8 to mimic gastro-intestinal tran-

50

Stress(kN/m?)

its high affinity for water. sit. The p<y of paracetamol is 9.59+orey, 1974 and
consequently there will be no change in the state of
3.2. Rheological properties of pectin gels ionisation of this acidic drug accompanying the pH

change. For gels containing 20% (w/v) sorbitol there
The influence of sorbitol on the gel strengths of 2% was a pronounced increase of release after about 3 h;
(w/v) pectin gels containing complexed calciumin sim- the cumulative amount released from these formula-
ulated gastric fluid (pH 1.2) at 3T was determined  tions approached that from Caronal Syrup. No such
using a simple method that measured the change in loadinflection was observed for gels formed in the pres-
of a probe pushed slowly through the gel. Stress—strain ence of 0, 5 and 10% (w/v) sorbitol. Observation of
plots (Fig. 5) were typical of those for elastic gels show- the contents of the donor cell during release measure-
ing a sudden decrease of stress after the maximum, in-ments showed that the inflection in the plots for release
dicative of a brittle system. Values of gel strength (taken from the formulation containing 20% (w/v) sorbitol
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Fig. 6. In vitro release of paracetamol from 2.0% (w/v) pectin sols Fig. 7. In vitro release of paracetamol from 2.0% (w/v) pectin sols
containing ) O, (A) 5, (@) 10, and W) 20% (w/v) sorbitol and containing 0) 0, (a) 5, (@) 10, and W) 20% (w/v) sorbitol plot-

(¢) Caronal Syrup, plotted as cumulative release against time. Re- ted as cumulative release against square root time. Release was into
lease was into simulated gastric fluid pH 1.2 for a period of 1h and simulated gastric fluid pH 1.2 for a period of 1 h and subsequently
subsequently into simulated intestinal fluid pH 6.8. Each value is the into simulated intestinal fluid pH 6.8. Each value is the meshE.
meant S.E. of four determinations. of four determinations.

to a decrease of gel strength as determined from the

coincided with a gel to sol transition, i.e. this gel had rheological measurements.
insufficient strength to withstand a large decrease of  The in vitro release of paracetamol from 2% (w/v)
hydrogen ion concentration; gels formed in formula- pectin gels formulated with 10% (w/v) of either erythri-
tions containing lower sorbitol contents retained their tol, xylitol or mannitol followed a similar profile to that
integrity throughout the measurement period. observed with gels containing 10% (w/v) sorbitol (data

The release data were analysed according to thenot shown). Diffusion coefficients calculated from the
treatment proposed bByiguchi (1962)or drug release  linear Higuchi plots are included ifable 1
from semisolid vehicles containing dissolved drug. For
the initial 50-60% release, the cumulative amo@nt, 3.3.2. In vivo release
of drug released per unit surface area from gels of ini-  Plasma drug levels following oral administration to

tial drug concentratio@ is proportional to the square  rats of paracetamol (10 mg) from 2% (w/v) sorbitol-
root of timet:

1/2 Table 1
0 =2Co 2 (l) Effect of taste masking agents on the in vitro release of paracetamol
T from 2% (w/v) pectin gels

Taste masking agent ~ Concentration 10° D (cm?s™ !
Plots of Q versust!? for the release of paracetamol 92 %, WiV) ( )
from th_e pectlr_1 gels are shovyanmg. 7. Release from sorbitol o 6834038
gels with sorbitol concentrations <20%, and over the 5 9,004+ 0.24
first 3 h of release from the gel containing 20% (w/v) 10 10014+0.25
sorbitol, conformed to Eq1) after a short lag period 20 1235+0.80 ¢<3h)
indicating diffusion-controlled release. The diffusion ;'Tafl‘”'m' 1%)0 1%“;218-21

;L f ylito . .

coefficients,D, calculated from the gradients of the Erythritol 10 10924 0.16

plots are given infable 1 The increasing rate of dif-
fusion as the sorbitol content is increased correspondsEach value represents the mea6.E. of four experiments.



S. Miyazaki et al. / International Journal of Pharmaceutics 297 (2005) 38-49 45

vitro experiments, but it was not possible to make
observations at a shorter time interval than this. The
area under the plasma concentration—time curve (AUC)
and the mean residence time (MRT) obtained from the
plasma concentration—time data of each animal using
a computer program for model-independent analysis
(Yamaoka et al., 198Jare summarised ifiable 2
Comparison of release data for gels formulated
without sorbitol and those containing 10% (w/v) sor-
bitol showed no significant difference in behaviour.
Both formulations sustained the release of paraceta-
mol as evidenced by lowe€max, higher tmax and
longer mean retention times compared to the commer-
cial syrup. In contrast, paracetamol was absorbed more
0 1 2 3 4 5 6 rapidly from gels in which the sorbitol concentration
Time (h) was 20%, with peak plasma drug concentrations of sim-
ilar magnitude and at similar times as that of the com-
oo s o oot o g i merilsyrup an with igificant shorer retnton
A containing©) 0, (a) 5, (8) 10, and M) 20% (W/V)"sorbitgll times than the formulations with lower sorbitol con-
(a) 10% (wiv) xylitol and () Caronal Syrup. Each value is the  t€Nt. Substitution of 10% (w/v) sorbitol with 10% (w/v)
meart S.E. of five determinations. xylitol resulted in release profiles with characteristics
intermediate between those of the sorbitol gels and the
free pectin sols, from 2% (w/v) pectin sols containing commercial syrup.
either sorbitol (10 or 20%, w/v) or xylitol (10%, w/v), Visual observation of the contents of the rat stomach
and from Caronal Syrup, are compared-ig. 8. All 3 hafter administration of 0.5 ml of the 2% (w/v) pectin
pectin sols contained calcium in complexed form to sols (containing a marker dye but no drug) showed the
ensure in situ gelation in the acidic conditions of the presence of gel blocks (ségg. 9). The amounts of
stomach. Observation of the stomach contents 15 min pectin remaining in gel form at this time, expressed
after oral administration of a 1.5% pectin sol showed as a percentage of the original amount administered,
the presence of a well-defined gel block; it is prob- were approximately 68, 64, 57 and 59% for formula-
able that gelation is instantaneous, as shown from in tions containing 0, 10 and 20% (w/v) sorbitol and 10%

Plasma concn. (ig/ml)

Table 2
Bioavailability parameters of paracetamol and ambroxol from pectin gels formed in situ in rat stomach
Formulation Crmax (ngmi~1) tmax () AUC (0-6h) ughmi1) MRT (h) AUCge/AUCsyrup
Paracetamol
2% Pectin 4.98t 0.55 1.30+ 0.25 15.68+ 1.48 248+ 0.18 0.93+ 0.09
2% Pectin +10% sorbitol 4.0& 0.57 1.40+ 0.19 14.47+ 1.93 2.46+ 0.04 0.86+ 0.11
2% Pectin +20% sorbitol 8.5F 1.62 0.70+ 0.12 15.68+ 2.72 1.67+0.14 0.93+ 0.16
2% Pectin +10% xylitol 6.05t 0.53 1.30+ 0.25 16.21+ 2.33 2.02+ 0.11 0.96+ 0.14
Caronal Syrup 7.56 0.58 0.90+ 0.19 16.84+ 1.31 1.96+ 0.08 -
Ambroxol
1% Pectin 53.30t 10.08 1.20+ 0.46 134.22+ 18.92 272+ 017 -
1% Pectin +10% sorbitol 58.32 7.62 1.50+ 0.45 171.18+ 28.3% 2.60+ 0.0 -
1.5% Pectin 34.7& 3.68 1.63+ 1.13 103.55+ 13.76! 2.65+ 0.25 -
1.5% Pectin + 10% sorbitol 68.78 12.7% 1.13+ 0.38 180.16+ 33.38 2.76+ 0.07 -
0.6% Ag. solution 183.46- 33.21 0.50+ 0.00 298.97+ 44.20 1.99+ 0.21 -

ap<0.005Pp<0.001p<0.05 andp<0.01, compared with Caronal Syrup or aq. solution as appropriate. Each value represents th&tiean
of 4-5 experiments.



46 S. Miyazaki et al. / International Journal of Pharmaceutics 297 (2005) 38-49

10% w/v d-Sorbitol
64.3%

0% w/v Sugar
68.0%

(b)

20% w/iv d-Sorbitol
57.3%

10% wiv Xylitol
59.2%

@

(©

Fig. 9. Photographs showing presence of gels in rat stomach 3 h after oral administration of 2.0% (w/v) pectin sols containing (a) 0, (b) 10, and
(c) 20% (wi/v) sorbitol and (d) 10% (w/v) xylitol.

(w/v) xylitol, respectively. It is interesting to note that ever, noted in release curves for 1% (w/v) pectin gels
the percentages of remaining gel are in the same rankcontaining 10% (w/v) sorbitol after approximately 3 h.
order as the mean retention times for these formula- Observation of the contents of the donor cells during
tions suggesting a correlation between release charac+release from this formulation showed that the cause of
teristics and gel integrity. The rapid absorption of drug this inflection was the partial reversion to the sol state,
from 20% (w/v) sorbitol gels and the low MRT of these which occurred at a similar time. Similar, but less pro-
gels compared with those of lower sorbitol content is nounced changes of slope were noted in the plots for
therefore linked to a more rapidly eroding gel. In vitro release from 1.5 and 2% (w/v) gels.

release studies showed similar poor gelation character-  Analysis of the data, according to Eg.) produced

istics for this formulation. the plots shown iifrig. 1(b, where departure from lin-
earity is clearly seen after release periods of between

3.4. Release of ambroxol 3 and 4 h. Diffusion coefficients calculated from linear
regions of the Higuchi plots are summarisedable 3

3.4.1. Invitro release The decrease dD with increasing pectin concentra-

The influence of pectin concentration on the release tion in sorbitol-free formulations is an expected con-
of ambroxol from formulations containing either O or
10% (w/v) sorbitol is shown ifrig. 10a. As inrelease  Table 3
studies on paracetamol, the receptor solutions were Effect of sorbitol on the in vitro release of ambroxol from pectin gels

changed after 1 h from simulated gastric fluid at pH Formulation 16D (cn?s™)

1.2 to a simulated intestinal fluid at pH 6.8. The basic 1% Pectin 5.74-0.19 t<4h)

group of ambroxol (K =7.16,Heinanen and Barbas,  1.5% Pectin _ 4.56-0.18

2001 will be fully ionised at pH 1.2 and approximately ;;"{g P?_C“" +10% sorbitol 493-(138-2(1) t<3h)
0% iR - thi s nicati : 6 Pectin . .

50% ionised at pH 6.8; this change of ionisation did not, 206 Pectin+ 10% sorbitol 6.920.46 (<3h)

however, cause any significant discontinuities in the re-
lease curves at 1 h. Pronounced inflections were, how- Each value represents the mea8.E. of four experiments.
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Fig. 10. Effect of sorbitol (10%, w/v) on the in vitro release of ambroxol from pectin sols of concentration: (triangles) 1.0, (circles) 1.5, and

(squares) 2.0% (w/v) plotted as cumulative release against (a) time and (b) square root of time. Closed symbols refer to formulations containing

sorbitol, open symbols refer to sorbitol-free formulatiors) 4queous solution containing ambroxol hydrochloride (0.6%, w/v). Release was
into simulated gastric fluid pH 1.2 for a period of 1 h and subsequently into simulated intestinal fluid pH 6.8. Each value is th&rieanh

four determinations.

sequence of an increase of gel strength. Inclusion of presence of sorbitolY was not calculated for the 1%

10% (w/v) sorbitol in the formulation resulted in al-

(w/v) pectin gel containing sorbitol because of the cur-

teration of gel structure such that the release of drug vature of the plot).

was enhanced, as evidenced by the increased diffusion

coefficients for the 1.5 and 2% (w/v) pectin gels in the
300
250
200
150 -

100

Plasma conc. (ng/ml)

50

Time (h)

Fig. 11. Effect of sorbitol (10%, w/v) on the plasma concentrations
in rats after oral administration of ambroxol from pectin sols of con-
centration: (triangles) 1.0, and (circles) 1.5% (w/v). Closed sym-
bols refer to formulations containing sorbitol, open symbols refer
to sorbitol-free formulations;{) aqueous solution containing am-
broxol hydrochloride (0.6%, w/v). Each value is the mea8.E. of
4-5 determinations.

Comparison of diffusion coefficients of ambroxol
and paracetamol from 2% (w/v) pectin gels showed
higher values for the latter from formulations with both
0 and 10% sorbitol contents.

3.4.2. Invivo release

Plasma drug levels following oral administration to
rats of ambroxol (3 mg) from 1.5 and 1% (w/v) sorbitol-
free pectin sols, from 1.5 and 1% (w/v) pectin sols
containing 10% sorbitol, and from an aqueous solution
of ambroxol (3 mg in 0.5 ml) are comparedHig. 11
Bioavailability parameters for these formulations are
compared inTable 2and show a sustained release of
drug from all gel formulations when compared with the
solution, with no significant effect of sorbitol on the
in vivo release characteristic§able 2shows a more
sustained release from 1.5% compared to 1% (w/v)
sorbitol-free pectin gels (loweémax and highetmay).

4. Concluding remarks

Pectin sols formulated with a source of calcium in
complexed form formed gels in the stomach of rats
following oral administration, when the calcium ions
were released in the acidic environment. This study has



48

demonstrated that 2% (w/v) pectin gels sustained the
release of paracetamol in the rat stomach and bioavail-
abilities of approximately 90% of those from an orally

administered paracetamol syrup were achieved. Sus-

tained release of ambroxol from in situ gelling for-
mulations was obtained with pectin concentrations of
1.5 and 1% (w/v) and a sorbitol concentration of 10%
(wiv).

Inclusion of sorbitol in these formulations to im-
prove the taste is an effective way of reducing their vis-
cosity and ensuring Newtonian flow properties, both of
which aid the swallowing of the sols. Satisfactory flow
of 2% (w/v) pectin sols was achieved with sorbitol con-
centrations of 5 or 10% (w/v), higher amounts resulted
in undesirable increases of viscosity. A change from
shear thinning to Newtonian flow was also achieved
when sorbitol was replaced with either xylitol or man-
nitol (10%, w/v), although these polyhydric alcohols
were less effective in reducing the viscosity of 2%
(w/v) pectin sols. In contrast, erythritol was ineffec-
tive in changing flow properties, and the inclusion of
sucrose (10-40%, w/v) in the formulation was associ-
ated with large increases of viscosity and pronounced
non-Newtonian flow properties. No significant change
of in vivo release characteristics for either paracetamol
or ambroxol was noted when 10% (w/v) sorbitol was in-
cluded in the pectin sols, but 20% (w/v) sorbitol caused
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