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Bicarbonate media are reflective of the ionic composition and buffer capacity of small intestinal lumi-
nal fluids. Here we investigate methods to stabilise bicarbonate buffers which can be readily applied
to USP-II dissolution apparatus. The in vitro drug release behaviour of three enteric coated mesalazine
(mesalamine) products is investigated. Asacol® 400 mg and Asacol® 800 mg (Asacol® HD) and the new
generation, high dose (1200 mg) delayed and sustained release formulation, Mezavant® (Lialda®), are
compared in pH 7.4 Krebs bicarbonate and phosphate buffers. Bicarbonate stabilisation was achieved
by: continuous sparging of the medium with 5% CO2(g), application of a layer of liquid paraffin above
the medium, or a specially designed in-house seal device that prevents CO2(g) loss. Each of the products
displayed a delayed onset of drug release in physiological bicarbonate media compared to phosphate
buffer. Moreover, Mezavant® displayed a zero-order, sustained release profile in phosphate buffer; in
bicarbonate media, however, this slow drug release was no longer apparent and a profile similar to
esalazine
odified release

nteric polymers
oly(methacrylic acid methyl
ethacrylate)

udragit S

that of Asacol® 400 mg was observed. These similar release patterns of Asacol® 400 mg and Mezavant®

displayed in bicarbonate media are in agreement with their pharmacokinetic profiles in humans. Bicar-
bonate media provide a better prediction of the in vivo behaviour of the mesalazine preparations
investigated.

© 2009 Elsevier B.V. All rights reserved.
udragit L
olonic delivery

. Introduction

As more sophisticated modified release oral drug delivery sys-
ems are being developed, increased emphasis is being placed on
n vitro dissolution tests to predict the in vivo performance of such
ystems. While compendial dissolution tests rely on the use of
hosphate buffers, these are not representative of physiological
uids in man (McConnell et al., 2008). Aside from pH, a number
f aspects of dissolution media have been shown to affect the dis-
olution of ionisable polymers and compounds (Spitael and Kinget,
979; Mooney et al., 1981; Aunins et al., 1985). It is of great impor-
ance to simulate not only the pH, but also the ionic composition
nd buffer capacity of gastrointestinal fluid. Small intestinal lumi-
al fluids are buffered by bicarbonate which is secreted by the

ancreas and intestinal epithelial cells. Physiological bicarbonate
uffers, as dissolution media, have been shown to be more discrim-

native of the drug release behaviour of enteric coated formulations
or ileo-colonic delivery, than compendial phosphate buffers, and

∗ Corresponding author. Tel.: +44 020 7753 5865; fax: +44 020 7753 5865.
E-mail address: abdul.basit@pharmacy.ac.uk (A.W. Basit).

378-5173/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2009.08.003
gave better reflections of in vivo disintegration times (Ibekwe et al.,
2006a,b, 2008).

A difficulty in the use of bicarbonate buffers is their progressive
rise in pH due to loss of CO2 from the solution (Perrin and Dempsey,
1974). In aqueous solutions both bicarbonate (HCO3

−) and carbonic
acid (H2CO3) exist (Eq. (1)).

Eq. (1) Equilibria for bicarbonate buffer systems.

(1)

H2CO3 has a pKa of 6.4 and dissociates to yield H2O and

CO2(aq). CO2 evaporates from solution and therefore ionisation
towards the left (protonation of HCO3

− to yield H2CO3) is pro-
moted to restore the equilibrium. When physiological buffers are
used in in vitro cell cultures, they are maintained in a closed sys-
tem equilibrated with 5% CO2 in the gas phase to maintain the

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:abdul.basit@pharmacy.ac.uk
dx.doi.org/10.1016/j.ijpharm.2009.08.003
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H. The use of larger scale systems such as USP dissolution baths
akes bicarbonate buffer stabilisation more difficult. Sheng et al.

2009) have developed surrogate phosphate buffers equivalent
o bicarbonates for the assessment of the intrinsic dissolution of
eakly acidic drugs. While good equivalence has been achieved,

he molarity of the phosphate buffers is drug-specific; dependent
n the drug pKa and solubility. Systems equilibrated by contin-
ously sparging with CO2(g) have been used (McNamara et al.,
003; Fadda and Basit, 2005; Boni et al., 2007). While this has
roven a reliable and reproducible method, other methods to
tabilise bicarbonate buffers in a USP-II apparatus are evaluated
ere.

In this study we use different bicarbonate buffer stabilisa-
ion methods to compare the dissolution behaviour of three
nteric coated mesalazine (mesalamine, 5-aminosalicylic acid) for-
ulations. Mesalazine formulations with pH-responsive release
echanisms are used for the treatment of ulcerative colitis and

opically act on the colonic mucosa through anti-inflammatory
echanisms. A variety of mesalazine products are available in

he clinic (Basit, 2005; McConnell et al., 2009). For ease of
atient compliance and evidence that treatment with higher
oses of mesalazine results in greater patient improvement
ith no increased incidence of adverse events (Hanauer et

l., 2005), a shift to the production of higher strength prod-
cts has arisen (Ng and Kamm, 2008). With such a variety of
oses and formulation approaches, it is important to be able to
eliably discriminate between those formulations on the mar-
et, and generate realistic assessments of new formulations
n the development stage. The objective of the present study

as to investigate the drug release performance of two new
esalazine products (Asacol® 800 (Asacol® HD)) and Lialda®

Mezavant®) and one established formulation (Asacol® 400) in
rebs bicarbonate media and compendial phosphate buffer, and

o compare the results with published in vivo pharmacokinetic
ata.

. Materials

Asacol® 400 mg (Procter and Gamble, Surrey, UK) is a tablet
ormulation with an enteric coating comprising a poly(methacrylic
cid methyl methacrylate) (MA-MM) (1:2) copolymer (Eudragit S)
hich has a dissolution pH threshold of 7.

Asacol® 800 mg (Asacol® HD in USA) (Procter and Gamble,
urrey, UK) is a tablet formulation with a double-layered enteric
oating comprising MA-MM (1:2) and (1:1) (Eudragit S and L
espectively) copolymers which have a dissolution pH threshold
f 7 and 6 respectively. The inner coating is Eudragit S and the
uter coating is a mixture of Eudragit S and L (Procter and Gamble
harmaceuticals, 2008), however, the ratio of Eudragit S and L in the
uter coat is not disclosed. This particular formulation is available
n the UK, Canada and USA.

Mezavant® 1200 mg (Lialda® in USA) (Shire Pharmaceuticals,
ampshire, UK) is a tablet formulation with a sustained release
ydrophilic/lipophilic matrix core known as the Multi Matrix
ystem® (MMXTM) (Giuliani SpA, Milan, Italy) and an outer enteric
oating comprising MA-MM (1:2) and (1:1) (Eudragit S and L
espectively) copolymers, however, the ratio of Eudragit S and L is
ot disclosed. The matrix core is composed of: carmellose sodium,
arnauba wax and stearic acid. Once the gastroresistant coating

issolves, an outer viscous gel mass is formed on contact of the
MXTM with fluid. This viscous gel is purported to slow diffusion

f the drug from the tablet core into the colonic lumen (Lichtenstein
t al., 2007).

The mesalazine preparations studied were received as gifts. All
ther materials were purchased from Sigma–Aldrich (Dorset, UK).
f Pharmaceutics 382 (2009) 56–60 57

3. Methods

3.1. Dissolution media

The products were tested in pH 1.2 hydrochloric acid (0.1 M HCl)
for 2 h proceeded by one of the following buffers:

Phosphate buffer (0.05 M) of pH 7.4
Composition: 50 mM KH2PO4 and 39.5 mM NaOH (pH adjusted
with 1 M HCl/NaOH solutions).
Buffer capacity: 23 mM/L/pH unit.
Ionic strength: 0.129.
Saturation solubility of mesalazine in this medium is 6.34 mg/ml
at 37 ◦C.

Krebs bicarbonate buffer of pH 7.4
Composition: 1.18 mM KH2PO4, 24 mM NaHCO3, 118.07 mM NaCl,
4.69 mM KCl, 2.52 mM CaCl2, 1.18 mM MgSO4·7H2O (pH adjusted
to 7.4 using 5 M HCl for the liquid paraffin and lid stabilisation
approaches and 5% CO2 was used to adjust the pH during the gas
purging approach).
Buffer capacity: 3.7 (unstabilised) and 5.45 (stabilised) mM/L/pH
unit.
Ionic strength: 0.161.
Saturation solubility of mesalazine in this medium is 4.51 mg/ml
at 37 ◦C.

3.2. Dissolution studies

Mesalazine release from the coated tablets was assessed by
dissolution testing using USP-II paddle apparatus (model PTWS,
Pharma Test, Hainburg, Germany) controlled by software IDIS EE
2.11.16 (Icalis Data Systems Ltd., Berkshire, UK). Tablets from
within the same batch of each brand were tested. The volume
of the dissolution media was 900 ml and sink conditions were
attained for all the formulations (<30% saturation solubility). Dis-
solution media was maintained at 37 ± 0.5 ◦C and a paddle speed of
50 rpm was employed. Tablets (n = 6) were tested in 0.1 M HCl for
2 h, and then transferred to the pH 7.4 phosphate or bicarbonate
buffers. The amount of mesalazine released from the dosage form
was determined by an in-line UV spectrophotometer (Cecil 2020,
UK) with 1 mm flow cells at 301 nm in acid and 330 nm in the pH
7.4 buffers. As UV readings were automatically taken, no loss of
medium occurred throughout the duration of the dissolution run.

3.3. Stabilisation of Krebs bicarbonate buffer

Krebs bicarbonate buffer was stabilised using three different
approaches:

. Continuous sparging with 5% CO2 throughout the duration of the
dissolution run. Maintenance of CO2(aq) prevents the decom-
position of H2CO3 (aq) (to yield H2O and CO2) which in turn
prevents the protonation of HCO3

− (aq). Six polyurethane flow
tubes (Freshford Ltd., Manchester, UK), one for each vessel, were
connected to the regulator of the cylinder via a manifold and each
tube was positioned 3 cm below the surface of its corresponding
vessel.

. Application of a layer of liquid paraffin above the dissolution
media. Seventy millilitres of liquid paraffin (8.6 mm layer) was
used to suppress the upward shift in pH, thus indicating the
prevention of CO2 escape.

c. A completely sealed set-up was developed for each vessel in the

dissolution apparatus. A sealed lid was made in-house; this also
relies on the concept of preventing the CO2 loss. The lid is made
of nylon material (Omega Services Ltd., Surrey, UK) and is imper-
vious to gas. Its design was adapted from the conventional lids
used in USP-I and -II dissolution apparatus.
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In all the above procedures, stabilisation was confirmed through
H measurements. A pH electrode (H11131, Hanna Instruments
td., Bedfordshire, UK) attached to a pH meter (pH 211 Micropro-
essor pH Meter, Hanna Instruments) was used to measure the
H of the media. Through the liquid paraffin and sealed set-up
pproach, an equilibrium is established between CO2(g) in the liq-
id paraffin or below the lid and CO2(aq) in the dissolution medium.
his is achieved as there is no CO2(g) escape. While with the contin-
ous sparging approach, CO2(aq) remains at steady concentrations
s the loss of CO2(g) is continuously replaced.

The pH of the Krebs bicarbonate system stabilised with CO2(g)
parging and liquid paraffin was monitored as the drug products
ere undergoing dissolution. This regular pH monitoring could
ot be performed with the completely sealed set-up as it would
ave impaired the experiment. Similar pH assessments were con-
ucted in phosphate buffer. The pH of the dissolution media at the
nd of the experiments (phosphate and bicarbonate systems) was
easured.

. Results

The three approaches of bicarbonate stabilisation were success-
ul at maintaining the pH of the system constant for 24 h under
issolution conditions without drug product.

All three mesalazine products were resistant to acid, showing
o drug release within 2 h of exposure to 0.1 M HCl (Figs. 1–3). The
issolution of Asacol 400 mg in phosphate buffer and under the dif-
erent Krebs bicarbonate stabilised systems is presented in Fig. 1.
rug release is delayed in Krebs bicarbonate media compared to
hosphate buffer. After complete drug release, the pH was found
o drop to 7.0 ± 0.1 in the Krebs bicarbonate media stabilised by the
iquid paraffin and sealed set-up approaches, in comparison to a pH
rop to 7.2 ± 0.01 in the phosphate buffer. No pH drop was observed
nder the continuous sparging with 5% CO2(g). Despite these pH
ifferences, the drug release profiles were similar under all three
ethods of Krebs bicarbonate stabilisation; analysis of variance

ANOVA) showed statistically insignificant differences (p > 0.05).
Asacol 800 mg (Asacol HD) also displays a similar trend with

lower drug release in Krebs bicarbonate media compared to
hosphate buffer (Fig. 2). After complete drug release in Krebs

icarbonate media stabilised using liquid paraffin or the completely
ealed set-up approach, the pH was found to drop to 6.7 ± 0.2.
his is a larger drop than that observed for Asacol 400 mg due
o the higher drug load; pH dropped to 7.1 ± 0.01 in the phos-

ig. 1. Drug release profiles of Asacol® 400 mg tablets in phosphate buffer and bicar-
onate buffer undergoing different methods of stabilisation. Drug release presented
s the mean + SD.
Fig. 2. Drug release profiles of Asacol® 800 mg (Asacol® HD) tablets in phosphate
buffer and bicarbonate buffer stabilised by the completely sealed set-up. Drug
release presented as the mean + SD.

phate buffer. No drop in pH was observed under the continuous
sparging with 5% CO2(g). There was no statistical difference in
the release profiles between the three Krebs bicarbonate sta-
bilisation methods (ANOVA, p > 0.05) (data only shown for the
completely sealed stabilisation approach for clarity). A compar-
ison of the release profiles of Asacol 800 mg and Asacol 400 mg
shows the former product to have an earlier onset of drug release
(Figs. 1 and 2).

For Mezavant (Lialda), both the lag times and drug release
profiles display different behaviours in Krebs bicarbonate media
compared to phosphate buffer. The zero-order, slow release which
is observed in phosphate buffer is no longer apparent in Krebs
bicarbonate media (Fig. 3). The observed pH drop after com-
plete drug release was 6.4 ± 0.25 with the liquid paraffin or
the completely sealed stabilisation approaches; while the drop
in phosphate buffer was to 7.0 ± 0.01. No drop in pH was
observed under the continuous sparging with 5% CO2(g). Again,
statistically similar drug release profiles were observed under

the different Krebs bicarbonate stabilisation methods (ANOVA,
p > 0.05) (data only shown under the completely sealed stabilisation
for clarity).

Fig. 3. Drug release profiles of Mezavant® 1200 mg (Lialda®) tablets in phosphate
buffer and bicarbonate buffer stabilised by the completely sealed set-up. Drug
release presented as the mean + SD.
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. Discussion

Krebs bicarbonate buffer closely resembles the electrolyte
omposition (Banwell et al., 1971) and buffer capacity of gas-
rointestinal luminal fluids of the distal small intestine. The buffer
apacity of ileal fluids has been measured to be 6.4 mM/L/pH unit
Fadda and Basit, 2009). Phosphate buffer (0.05 M) and stabilised
rebs bicarbonate buffer at a pH of 7.4 have a buffer capacity of 23
nd 5.45 mM/L/pH unit respectively.

The limitation of using bicarbonate buffers has been their con-
inuous rise in pH due to evaporation of CO2(g). Here, three different
pproaches were adopted to stabilise Krebs bicarbonate buffer. All
ethods were successful at maintaining the pH for 24 h under

issolution conditions in the absence of drug product. For each
roduct, statistically similar drug release profiles were attained by
he three different stabilisation methods. The continuous sparging
ith 5% CO2(g) was the initially adopted approach and has been

eported to be successful (McNamara et al., 2003; Fadda and Basit,
005). The second approach was application of a layer of liquid
araffin above the dissolution media with 70 ml being optimum
o prevent the upward drift in pH; indicative of no CO2(g) escape.
here is the limitation however for potential drug partitioning into
iquid paraffin. Although this is not observed for mesalazine, it may
e a concern for lipophilic molecules. The third approach investi-
ated was the completely sealed set-up which has the advantage
f easiest assembly compared to the other two methods.

Mesalazine is a zwitterion, the carboxyl group (–COOH) has a
Ka value of 2.3 and the amino group [(NH3

+)−] has a pKa of 5.69
Allgayer et al., 1985). At a buffer pH of 7.4, mesalazine reacts with
he buffer species and its anionic form is produced. The hydro-
en ions generated will move to drop the pH of Krebs bicarbonate
edium due to the low buffer capacity of the system. This pH

eduction is not observed with the continuous CO2(g) sparging
pproach as bicarbonate levels are maintained constant through
he CO2/H2CO3/HCO3

− equilibrium. The pH of Krebs bicarbonate
uffer stabilised with liquid paraffin or the completely sealed set-
p, however, was found to drop on complete drug dissolution. In the
ase of stabilisation with liquid paraffin, the pH did not drop until
rug release commenced and the decline in pH was proportional to
he mesalazine dissolved. The pH changes could not be measured
uring the course of the experiment with the completely sealed
et-up, a similar correlation, however, can be assumed. Despite this
rop in pH, the drug release profiles of the mesalazine formulations
re statistically similar to those in Krebs bicarbonate buffer sta-
ilised with the continuous CO2(g) sparging. This may be the case
s the drop in pH commences following dissolution of the poly-
er which can be considered the rate limiting step in drug release.

he anionic polymer alone is not sufficient to cause a drop in pH.
his was found by estimating the amount of anionic polymer on
ezavant tablets using surface area and thickness measurements

nd dissolving an equivalent amount of Eudragit S or L polymers
n 900 ml of Krebs bicarbonate media, stabilised using the differ-
nt approaches, under dissolution conditions. No drop in pH was
bserved (data not shown). Therefore, a pH drop in bicarbonate
edia will not arise with neutral drugs formulated with anionic

olymers. It can also be speculated that low doses of ionisable
ctives will not give rise to a substantial pH change.

Both the drug and enteric polymers in the different mesalazine
roducts are ionisable. Eudragit S and L are poly(methacrylic
cid methyl methacrylate) copolymers and dissolve through dis-
ociation of their acid monomer units. The basic species in the

issolution media accelerate this reaction as has been described by
he Bronsted catalysis law proposed by Spitael and Kinget (1977). In
ccordance with this theory, the pKa of the buffer salt species and its
oncentration in the release medium are the determining factors of
olymer ionisation, hence explaining why mesalazine release from
f Pharmaceutics 382 (2009) 56–60 59

the different enteric coated products is slower in the bicarbonate
media than in phosphate buffer.

The early onset of release observed for Asacol 800 mg in com-
parison to Asacol 400 mg may be explained by the different
compositions of the gastroresistant coatings. The enteric coat of
Asacol 400 mg is the Eudragit S polymer, whereas Asacol 800 mg
comprises two coatings; the inner coating is a Eudragit S poly-
mer and the outer coating is a blend of Eudragit S and L (MHRA
UKPAR, 2007; Procter and Gamble Pharmaceuticals, 2008). This
may have been chosen to circumvent the problem observed with
Asacol 400 mg tablets passing through the gastrointestinal tract of
inflammatory bowel disease patients intact (Schroeder et al., 1987;
Sinha et al., 2003). While it is known that Asacol 400 mg gives rise
to considerable variability in drug release (Fadda and Basit, 2005;
Spencer et al., 2008), the new Asacol 800 mg (Asacol HD) formula-
tion appears to be more variable.

The lag time of Mezavant tablets in phosphate buffer is 30 min
whereas in stabilised Krebs bicarbonate buffer it is approximately
3 h (post-acid) (Fig. 3). This onset of release in bicarbonate buffer
is in good agreement with the initial disintegration time of the
product observed by gamma scintigraphy in humans (Wray et al.,
2008). The Mezavant formulation has been designed to display both
delayed and sustained release characteristics as evidenced by the
profile in phosphate buffer (Fig. 3). In bicarbonate buffer, how-
ever, the zero-order slow release is no longer apparent (Fig. 3).
It therefore appears that not only the drug and coating, but the
matrix core of Mezavant is also susceptible to the composition of
the release media. The different ionic environments can influence
the tortuosity and porosity of the matrix and therefore drug dif-
fusion. Interestingly, two recent, independent randomised trials of
Asacol 400 mg and Mezavant showed these two formulations to
display similar pharmacokinetic profiles in humans (Wray et al.,
2008; Sandborn et al., 2008). This similarity between the two prod-
ucts in vivo is well reflected in the dissolution profiles observed in
stabilised bicarbonate media and could not have been predicted
from dissolution in phosphate buffer.

6. Conclusions

Physiological bicarbonate media provide a good reflection of the
ionic composition and buffer capacity of human small intestinal
luminal fluids. These parameters are critical when considering the
dissolution behaviour of delivery systems. The three approaches
explored for stabilising the Krebs bicarbonate media; continuous
sparging with 5% CO2, application of a layer of liquid paraffin and
the completely sealed set-up, were all successful. Our studies with
mesalazine products have shown that use of bicarbonate buffer
provides improved predictions, compared to compendial phos-
phate buffers, of the in vivo behaviour of enteric coated systems
for ileo-colonic delivery.

Acknowledgement

The authors would like to thank Dr. Gurjit Bajwa at Pfizer, UK for
the provision of an educational grant to support, in part, this work.

References

Allgayer, H., Sonnenbichler, J., Kruis, W., Paumgartner, G., 1985. Determination of the
pK values of 5-aminosalicyclic acid and N-acetylaminosalicyclic acid and com-
parison of the pH dependent lipid–water partition-coefficients of sulphasalazine
and its metabolites. Arzneimittelforschung. 35, 1457–1459.
Aunins, J.G., Southard, M.Z., Myers, R.A., Himmelstein, K.J., Stella, V.J., 1985. Dissolu-
tion of carboxylic acids. 3. The effect of polyionizable buffers. J. Pharm. Sci. 74,
1305–1316.

Banwell, J.G., Gorbach, S.L., Pierce, N.F., Mitra, R., Mondal, A., 1971. Acute undifferen-
tiated human diarrhea in tropics. 2. Alterations in intestinal fluid and electrolyte
movements. J. Clin. Invest. 50, 890–900.



6 rnal o

B
B

F

F

H

I

I

I

L

M

M

M

0 H.M. Fadda et al. / International Jou

asit, A.W., 2005. Advances in colonic drug delivery. Drugs 65, 1991–2007.
oni, J.E., Brickl, R.S., Dressman, J., 2007. Is bicarbonate buffer suitable as a dissolution

medium? J. Pharm. Pharmacol. 59, 1375–1382.
adda, H.M., Basit, A.W., 2005. Dissolution of pH responsive formulations in media

resembling intestinal fluids: bicarbonate versus phosphate buffers. J. Drug Deliv.
Sci. Technol. 15, 273–279.

adda, H.M., Sousa, T., Carlsson, A., Abrahamsson, B., Kumar, D. Basit, A.W., 2009.
Drug solubility in luminal fluids from different regions of the small and
large intestine of humans. AAPS Annual Meeting and Exposition, Los Angeles,
AAPS2009-003733.

anauer, S.B., Sandborn, W.J., Kornbluth, A., Katz, S., Safdi, M., Woogen, S., Regalli,
G., Yeh, C., Smith-Hall, N., Ajayi, F., 2005. Delayed-release oral mesalamine at
4.8 g/day (800 mg tablet) for the treatment of moderately active ulcerative col-
itis: the ASCEND II trial. Am. J. Gastroenterol. 100, 2478–2485.

bekwe, V.C., Fadda, H.M., Parsons, G.E., Basit, A.W., 2006a. A comparative in vitro
assessment of the drug release performance of pH-responsive polymers for ileo-
colonic delivery. Int. J. Pharm. 308, 52–60.

bekwe, V.C., Liu, F., Fadda, H.M., Khela, M.K., Evans, D.F., Parsons, G.E., Basit, A.W.,
2006b. An investigation into the in vivo performance variability of pH responsive
polymers for ileo-colonic drug delivery using gamma scintigraphy in humans. J.
Pharm. Sci. 95, 2760–2766.

bekwe, V.C., Fadda, H.M., McConnell, E.L., Khela, M.K., Evans, D.F., Basit, A.W., 2008.
Interplay between intestinal pH, transit time and feed status on the in vivo
performance of pH responsive ileo-colonic release systems. Pharm. Res. 25,
1828–1835.

ichtenstein, G.R., Kamm, M.A., Boddu, P., Gubergrits, N., Lyne, A., Butler, T., Lees,
K., Joseph, R.E., Sandborn, W.J., 2007. Effect of once- or twice-daily MMX
mesalamine (SPD476) for the induction of remission of mild to moderately active
ulcerative colitis. Clin. Gastroenterol. Hepatol. 5, 95–102.

cConnell, E.L., Fadda, H.M., Basit, A.W., 2008. Gut instincts: explorations in intesti-

nal physiology and drug delivery. Int. J. Pharm. 364, 213–226.

cConnell, E.L., Liu, F., Basit, A.W., 2009. Colonic treatments and targets: issues and
opportunities. J. Drug Target 17, 335–363.

cNamara, D.P., Whitney, K.M., Goss, S.L., 2003. Use of a physiologic bicarbonate
buffer system for dissolution characterization of ionizable drugs. Pharm. Res.
20, 1641–1646.
f Pharmaceutics 382 (2009) 56–60

MHRA UKPAR, 2007. Asacol 800 mg MR tablets. PL 00364/0083, Accessed:
28th July 2009 http://www.mhra.gov.uk/home/groups/l-unit1/documents/
websiteresources/con014335.pdf.

Mooney, K.G., Mintun, M.A., Himmelstein, K.J., Stella, V.J., 1981. Dissolution kinetics
of carboxylic acids. 2. Effect of buffers. J. Pharm. Sci. 70, 22–32.

Perrin, D.D., Dempsey, B., 1974. Practical Limitations in the Use of Buffers. Chapman
and Hall, London, pp. 55–61.

Procter and Gamble Pharmaceuticals, 2008. Answers to Your Questions About Asacol
800, Accessed: 28th July 2009 http://www.pharmacygateway.ca/pdfs/2007/
05/pg qa asacol en may07.pdf.

Sandborn, W., Balan, G., Kuzmak, B., Hanauer, S., 2008. Comparable pharmacokinet-
ics of two delayed release formulations of oral mesalamine. Inflamm. Bowel Dis.
14, S23–S24.

Ng, S.C., Kamm, M.A., 2008. Review article: new drug formulations, chemical entities
and therapeutic approaches for the management of ulcerative colitis. Aliment
Pharmacol. Ther. 28, 815–829.

Schroeder, K.W., Tremaine, W.J., Ilstrup, D.M., 1987. Coated oral 5-aminosalicylic
acid therapy for mildly to moderately active ulcerative-colitis—a randomized
study. N. Engl. J. Med. 317, 1625–1629.

Sheng, J.J., McNamara, D.P., Amidon, G.L., 2009. Toward an in vivo dissolution
methodology: a comparison of phosphate and bicarbonate buffers. Mol. Pharm.
6, 29–39.

Sinha, A., Ball, D., Connor, A.L., Nightingale, J., Wilding, I.R., 2003. Intestinal perfor-
mance of two mesalamine formulations in patients with active ulcerative colitis
as assessed by gamma scintigraphy. Pract. Gastroenterol. 27, 56–69.

Spencer, J.A., Gao, Z., Moore, T., Buhse, L.F., Taday, P.F., Newnham, D.A., Shen,
Y., Portieri, A., Husain, A., 2008. Delayed release tablet dissolution related
to coating thickness by Terahertz pulsed image mapping. J. Pharm. Sci. 97,
1543–1550.

Spitael, J., Kinget, R., 1977. Factors affecting the dissolution rate of enteric coatings.

Pharm. Ind. 39, 502–505.

Spitael, J., Kinget, R., 1979. Solubility and dissolution rate of enteric polymers. Acta
Pharm. Technol., 163–168.

Wray, H., Joseph, R., Palmen, M., Pierce, D., 2008. A pharmacokinetic and scinti-
graphic comparison of MMXTM mesalamine and delayed-release mesalamine.
Am. J. Gastroenterol. 103, S433–S434.


	Physiological bicarbonate buffers: stabilisation and use as dissolution media for modified release systems
	Introduction
	Materials
	Methods
	Dissolution media
	Dissolution studies
	Stabilisation of Krebs bicarbonate buffer

	Results
	Discussion
	Conclusions
	Acknowledgement
	References


