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Hydroxamated alginic acid (HAA) was prepared. The generated semisynthetic polymer was employed in the formation of 
drug-loaded, iron(II1)-crosslinked polymeric beads. Infrared spectroscopy was employed to prove the crosslinking. The 
degree of hydroxamate substitution was determined by acid-base back titration, and it was found to be ca. 30%. The 
produced beads were evaluated in vitro as orally administered sustained release drug delivery system. Theophylline, para- 
cetamol, and chlorpheniramine maleate were used as model drugs. The generated beads proved to be successful in 
prolonging drug release, particularly in the case of theophylline. Iron leaching from the generated beads was minimal 
(<0.5% of the entire complexed iron), and took place during passage through the simulated gastric fluid. 

1. Introduction r 1 

Sodium alginate (algin) is a purified carbohydrate product 
isolated from brown seaweads. Algin consists chiefly of 
the sodium salt of alginic acid, which is a linear copoly- 
mer of 1,4-linked mannopyranosy luronic acid and JJ4- 
linked gulopyranosyluronic acid units. However, D-man- 
nuronic is the major component in the molecule [ l ,  21. 
Sodium alginate has been used as a thickening Cmulsify- 
ing agent [3], tablet binder and disintegrant [4], and re- 
cently it was studied together with lactose monohydrate, 
in the preparation of composite particles suitable as filler 
for direct tabletting of controlled-release matrix tablets [5]. 
Algin has also shown useful gel-forming properties when 
mixed with different polyvalent cations [6, 71. Calcium 
alginate has found applications in a number of gelation 
purposes including the formation of firm gel for the pre- 
paration dental impressions [8], and in the preparation of 
matrices for drug delivery [9]. Alginate is currently being 
investigated as a carrier material for various controlled 
release systems [lo,  111. It was recently employed in the 
preparation of controlled release microspheres or mini- 
matrices for a variety of medicinal agents including metoclo- 
pramide and cisapride [12], diclofenac [13], indomethacin 
[14], propranolol [15], and gentamicin [16]. Furthermore, 
alginic acid was recently used to encapsulate chitosan 
bioadhesive microspheres, and vice versa, for intestinal 
drug delivery [17, 181. 
The ratio of mannuronic acid to guluronic acid strongly 
influences the drug releasing properties of calcium algi- 
nate beads [19, 201. 
However, calcium alginate matrices were reported to suf- 
fer from the following problems. Their dissolution in 
phosphate buffered saline solution (pH 7.4) occurs com- 
pletely in a short time period after a certain lag time [7, 
21, 221. Additionally, the matrices were able to extend the 
release of theophylline and chloramphenicol only when 
pure water was applied as release medium. While in 
0.1 M HC1, simulated gastric fluid (SGF), simulated intes- 
tinal fluid (SIF), and 0.1 M NaCl the drug release pro- 
ceeded much more rapidly. The crosslinking calcium ions 
were rapidly discharged from the matrices in the presence 
of acid to yield the protonated alginic acid. This transfor- 
mation reduced the degree of crosslinking within the ma- 
trix, and thus destroyed its ability to provide retarded drug 
release. In NaCl solutions and SIF. calcium ions were 
partly exchanged by non-gelling sodium ions or seques- 
tered by the phosphate. This caused swelling and, in the 
latter case, dissol&on of the matrices, thus inducing rapid 

release of the encapsulated drug. Accordingly, it was con- 
cluded that calcium alginate minimatrices do not seem 
applicable as an oral controlled release system, due to the 
pronounced sensitivity towards the composition of the 
release medium and the rapid drug release in media of 
physiological relevance [22]. 
These problems prompted our search for a suitable syn- 
thetic modification of alginic acid to enhance the stability 
of the polymer/divalent cation complex, particularly under 
physiological conditions. Our interest was directed to- 
wards iron(II1)-hydroxamate complexes. 
Hydroxamic acids are known to form particularly stable and 
relatively pH-independent complexes with femc ions (i.e., 
within physiological limits) [23, 241. Such complexes were 
used for analytical [25], as well as clinical purposes; for 
example desfemoxamine B, which is used to treat intoxi- 
cation resulting from excessive blood iron levels [26]. 
Consequently, we envisaged the possibility of substituting 
a fraction of algin's carboxylic acid moieties with hydro- 
xylamine groups, thus replacing the acidic groups with the 
relatively neutral, iron-complexing hydroxamic acid moi- 
eties. 
In the present investigation hydroxamated alginic acid 
(HAA) was successfully prepared as shown in Scheme 1. 
Moreover, femc ions were used to crosslink the generated 
HAA, leading to polymeric matrices that exhibited rela- 
tively pH-independent drug releasing profiles. 
The femc ion has been reported only rarely as an ionotro- 
pic crosslinking agent in the formation of drug releasing 
polymeric matrices. Nevertheless, the investigated poly- 
mers were carboxymethylchitin and carboxymethylcellu- 
lose in those instances [27, 281. 
Despite the fact that iron complexing poly(hydroxamic 
acids) have been reported [23, 24, 29-31], the use of 
iron-crosslinked hydroxamated polymers in the area of 
controlled drug delivery is completely new. 
The femc ( ~ e + ~ )  form of iron is poorly absorbed from the 
gastrointestinal tract as only 7% of the orally administered 
iron dose is absorbed. Furthermore, excess iron absorption 
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