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1) Study context 

Agromaterials are materials obtained from agriculture waste. They are biobased. Two polymers are 
particularly of interest for medical research: chitosan and soy protein isolates. Chitosan is obtained 
from the chitin of crab or prawn shell. It is an important waste from the seafood industry. It also has 
valuable properties on top of being biobased: bacteriostaticity, biocompatibility, pH-responsivity. Soy 
proteins isolates are a left-over from tofu production. They are biocompate but also not soluble in 
common solvents. This makes them particularly relevant for oral delivery of painkillers, vitamins and 
drugs. 

Oral delivery is sought for obvious advantages for the user: no injection. However, oral delivery 
presents a challenge in the excipient design. The capsule with the drug, painkiller or vitamin needs 
to be inert in the acidic conditions of the stomach but to lead to a quick delivery later on in the 
intestine. Both chitosan and soy proteins isolates are good candidates for oral delivery. Chemical 
modification allows adjusting their properties.[1] We have started with the painkiller ibuprofen[2] and 
with vitamins as first candidates for encapsulation with (chemically-modified) chitosan and soy 
proteins isolates. The encapsulation is done by spray-drying, a method mastered by our 
collaborators at Toulouse Institut National Polytechnique, France [3]. 

2) Details of the proposal 

Some chitosans, soy proteins isolates, chemically modified or not, are already available for the 
project as well as capsules of ibuprofen or vitamins obtained with these polymers. Additional 
capsules can be produced to improve drug loading, resistance to gastric conditions or release in 
intestinal conditions. 

The molar size (hydrodynanic radius), molar mass and chemical composition of chitosan and soy 
proteins samples, before and after chemical modification, will be determined using size-exclusion 
chromatography (SEC, also known as GPC) [4] as well as NMR spectroscopy and capillary 
electrophoresis [5]. The capsules will be characterized in terms of chemical composition using 
conventional spectroscopy methods such as FT-IR and more advanced ones when needed such as 
solid-state NMR.[6] Their morphology will be characterized using electron microscopy, typically 
scanning electron microscopy (SEM). 

Gastric fluid and intestinal fluid, as defined by pharmacopea, will be used to simulate conditions in 
the stomach and small intestine respectively. The solubility of the polymers and capsules will be first 
tested using turbidity measurements as well as solution-state NMR and capillary electrophoresis 
ones.[7] Capsules soluble in gastric fluid will not be further used. The delivery from the remaining 
capsules will be monitored using high-performance liquid chromatography (HPLC), NMR 
spectroscopy and capillary electrophoresis. The impact of the presence or absence of food in the 
gastric and intestinal fluid will be investigated. Capillary electrophoresis will be especially relevant for 
this due to the robustness of this method.[7-8] 

Structure-property relations will be established. In terms of structure, the size and chemical 
composition of the chitosan and soy proteins isolates, their chemical composition after chemical 
modification, the morphology and size of the capsules will be considered. The properties of interest 



include no solubility (or even release) in gastric fluid, and quick release in intestinal fluid. New 
polymers will be sourced, new chemical modifications will be performed and new capsules 
fabricated. The structure of the polymers (molar mass, chemical compostions), conditions for 
chemical modifications (nature of the agent, stoichiometry, temperature, etc.) and capsule formation 
will be adjusted to improve the properties. The properties of the new capsules will then be 
determined. 
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