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Abstract

Alginates are versatile biopolymers used extensively in the food, textile and pharmaceutical industries. One of the major uses
is in the treatment of reflux disease and here we investigate whether alginates can influence pepsin activity, a major aggressor il
reflux disease. The primary uronic acid structure of alginates can be altered using epimerase technology and we test tailor-mad
alginates to identify the optimal structure for pepsin inhibition. Pepsin activity in the presence of alginates was studied using anin
vitro N-terminal assay and enzyme kinetics using a chromagenic peptide. The data described showed clearly that alginates wer:
capable of concentration dependently reducing the activity of pepsin in a non-competitive manner, in vitro. This was variable
between different alginates of wide ranging structure and size with positive correlation with alternating sequences of mannuronic
and guluronic acid. We hypothesize that alginates may have a more extensive role in the treatment of reflux disease by inhibiting
pepsin, a damaging component of the refluxate.
© 2005 Elsevier B.V. All rights reserved.
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. i . ) . 1. Introduction
Abbreviations: M, mannuronic acid; G, guluronic acid;

GERD, gastro-esophageal reflux dised4#¢;NMR, nuclear mag-

netic resonancef, molar fraction; SEC-MALLS, size exclu- Alginates are polysaccharides that provide the main
sion chromatography-multi angle laser light scattering; TNBS, structural component of brown algaBhgeophycae)
trinitrobenzenesulphonic acidS§][ substrate concentratioi¥, ini- such asLaminaria hyperborea, Lessonia nigrescens

tial reaction velocity; Vimax, maximum enzyme velocity;Kn, andAscophyllum nodosum. They are also produced
Michaelis—Menton constant; Pearson'’s correlation coefficient

* Corresponding author. Tel.: +44 1482 382862: as an exopolysacgharlde by some bac.terla S.L.JCh as
fax: +44 1482 382869. Pseudomonas aeruginosa andAzotobacter vinelandii.
E-mail address: Vicki.strugala@technostics.com (V. Strugala).  Alginates are linear copolymers of (1-4) link@ep-

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/}.ijpharm.2005.07.017



V. Strugala et al. / International Journal of Pharmaceutics 304 (2005) 40-50 41

mannuronic acid (M) and its C-5 epimefL-guluronic Taylor etal., 200% In preliminary studies, presented as
acid (G). The M and G residues can exist in homopoly- meeting abstracts, alginates have been shown to upreg-
meric regions (M block or G block) or heteropoly- ulate the process of cell migration and so potentially
meric regions (MG block) $midsrod and Draget, speed up the repair of wound3ynne etal., 2002 pro-
1996. tect rat gastric mucosa from stress and indomethacin
Alginates are among the most versatile biopoly- induced ulcers el Buono et al., 2001 The pro-
mers with respect to their uses in the food, textile and cess of fluid phase endocytosis is also upregulated in
pharmaceutical industrie®fsoyen, 1996 They func- the presence of alginates¢Pherson et al., 2002
tion as thickeners, stabilizers, gel-forming and film- they have the ability to reduce the activity of pepsin
forming agents. Within the pharmaceutical industry, (Sunderland etal., 2000and have intracellular molec-
applications include controlled release mediators, den- ular effects Johnston et al., 2002; Dettmar et al.,
tal impression materials, wound dressings, anti-reflux 2004).
medicines Onsoyen, 1996and microencapsulation Many of these bioactive properties have relevance to
(Skjak-Braek and Espevik, 19R6The many versatile  the treatment and/or prevention of gastro-esophageal
applications of alginates are a function of their structure reflux disease (GERD). This is the retrograde move-
as different sequences of M and G infer different phys- ment of the gastric contents into the esophagus
ical and chemical propertieStidsrod and Draget, resulting in symptoms of heartburn. Pepsin is a
1996. major aggressive factor in the gastric refluxate and is
It is now possible to control the primary structure responsible for much of the esophageal damage seen
of alginates and thereby the physical and chemical in GERD sufferers $alo et al., 1983; Tobey et al.,
properties. The processes, genes and enzymes that cor2007). Alginate containing products are currently used
trol the structure of alginate produced by the bacteria in the treatment of GERD (e.g. Gaviscon Advafipe
P. aeruginosa andA. vinelandii are now well under-  although primarily as a physical barrier to prevent
stood. The bacteria initially synthesize an alginate con- reflux. However, it is apparent that alginates may
sisting solely of M residues (polymannuronate) and have greater potential for use in the treatment of
secrete it into the extracellular space. From this point GERD. Here we utilize epimerase technology to
the conversion of M into G within the polymer chain design new alginates and evaluate them for their
is catalyzed by mannuronan C-5 epimerase enzymesability to inhibit pepsin activity and to determine
(May and Chakrabaty, 1994The genes that encode the alginate structure required for optimal activity in
the mannuronan C-5 epimerases have been isolated irnvitro with a long term view to pharmaceutical product
both P. aeruginosa and A. vinelandii and designated  development.
AlgE;—-AlgE7 each producing an enzyme with a differ-
ent pattern of activity Ertesvag et al., 1994; Svanem
et al.,, 1999. They can then be used to modify the 2. Materials and methods
sequence of an alginate, either of seaweed or bacte-
rial origin, in vitro (Ertesvag et al., 1994; Ertesvag et 2.1. Alginates
al., 1995. This enables the properties of alginates to be
controlled and tailored to specific commercial applica- Current commercially available seaweed alginates
tions. were supplied by FMC Biopolymer, Drammen, Nor-
Alginates have been demonstrated to possess sevway. Novel alginates of bacterial (mannuronan) and
eral biological activities. Certain alginates, particularly seaweed origin treated with the mannuronan C-5
those with high M content, have immune stimulating epimerases AlgE AlgE, and AlgEg; were supplied by
effects such as cytokine inductio®l¢ et al., 2000; Jahr ~ Gudmund Skjk-Braek, NOBIPOL, Trondheim, Nor-
etal., 1997 and protection against pathogenic invasion way. Alginates were characterized B NMR to
(Skjak-Braek and Espevik, 19R6Alginates exhibit resolve the fraction of monad, diad and triad frequen-
bioadhesive ability to oesophageal tiss@Batthelor cies (Fy) (Smidsrod and Draget, 19Béntrinsic viscos-
et al., 2002; Richardson et al., 2004, 2Dp@Hd can ity and SEC-MALLS to determine molecular weight.
positively interact with mucinBatchelor et al., 2000;  Table 1shows the 39 different alginates used in this
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