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In order to overcome the problem of premature release of the transported

compounds in the gastric fluid, multilayer capsules have been proposed to prevent

degradation of the capsule in the gastric fluid. Currently, the controlled release of

compounds using such multilayer capsules is dependent on changes in pH. For

example, a multilayer capsule encapsulating a bioactive compound may remain

intact at low pH of the gastric fluid but may structurally deform at higher pH of the

intestinal fluid, resulting in the release of the encapsulated compound. It is

therefore necessary to store such encapsulated product under acidic conditions

prior to consumption which may affect the palatability of the food product and the

stability of the other components found in the food product. Furthermore, where the

compounds to be transported are adsorbed onto solid supports or mixed with

pharmaceutically acceptable carriers, such supports or carriers may risk

decomposition by the gastric fluids. As a result, premature release of the

compounds or contamination of the transported compounds may occur.

Additionally, for compound delivery mechanisms that are triggered by changes in

pH conditions, there is a need to account for variation of the pH profile in the

gastrointestinal tract (GIT) of each individual person or animal, which may be

caused by differences in diet, stomach fill, genetics, and/or gastrointestinal

disorders. Such variations pose difficulty in designing a comprehensive delivery

system suitable for use in general.

Hence, there is a need to provide a material that can be used for transporting a
compound for targeted delivery, preferably to the small intestine.

Summary of Invention

According to a first aspect, there is provided a core-shell composite material

comprising: a) a core optionally comprising an active ingredient compound; b) a

shell structure comprising at least two layers; said at least two layers being

alternately a protein layer and a polyphenol layer; and c) a polyelectrolyte layer

interfacing said core and said shell structure, said polyelectrolyte layer being

disposed adjacent to said protein layer or said polyphenol layer, wherein said shell

structure is selected to be resistant to degradation under gastric conditions but is

degradable by one or more intestinal enzymes and wherein the outermost layer of

said shell structure is a polyphenol layer.
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The disclosed composite material is capable of withstanding degradation under
gastric conditions. Gastric conditions may refer to a simulated acidic mixture
containing one or more naturally-occurring or synthetic enzymes released by

stomach chief cells, or physiological / biological gastric conditions. The shell
structure of the disclosed composite material may comprise one or more protein

layers interposed between polyphenol layers. The protein layers may be same or

different and are independently provided. The polyphenol layers may be same or

different and are independently provided.

The protein layer may be one that is substantially resistant to degradation or

hydrolysis by stomach enzymes, e.g., pepsin，or gastric lipase. Advantageously,
this property allows the core-shell composite material to pass through the stomach

of a human/animal subject without substantially releasing (or with minimal release
of) its contents, e.g” the active ingredient core encapsulated therein.
Advantageously, the disclosed composite provides targeted delivery of the active

ingredient to a desired location of the body, e.g., the small intestine.
Advantageously, the disclosed composite may be composed of readily available
proteins, which implies cost-effectiveness for the manufacture of the core-shell
composite. Further advantageously, the disclosed composite may be synthesized
via a straightforward layer by layer deposition process.
According to another aspect, there is provided a method of preparing a core-shell
composite material as disclosed above，the method comprising the steps of: a)
alternately depositing at least one of a protein layer and one of a polyphenol layer
to thereby form a multi-layered shell structure enveloping an active ingredient;
wherein said protein layer is selected such that said shell structure is resistant to

degradation under gastric conditions but is degradable by one or more intestinal
enzyme, wherein said active ingredient is encapsulated by a polyelectrolyte prior to
said deposition step and wherein the depositing step further comprises depositing
the polyphenol layer as the outermost layer.
This deposition step may comprise interposing oppositely charged layers to form
the shell structure. The deposition step may comprise layer by layer (LBL)

deposition to create the alternating protein/polyphenol layers of the shell structure.
The deposition step may be repeated as needed to achieve a desired thickness of
the shell or a desired number of shell layers. Advantageously, the method
provides a straightforward synthesis of the core-shell composite structure. The
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disclosed method further allows various combinations of different proteins and/or

polyphenols for adjustment of the dissolution/hydrolysis profile. This in turn allows

one to fine-tune the rate of delivery of the active ingredient, with potential

applications as controlled-release or sustained-release pharmaceutical carriers.

This customizable feature further allows one to select with reasonable accuracy the

intended site of delivery of the active ingredient, e.g., by using particular proteins

hydrolysable by indigenous / site-specific enzymes in the shell structure.

In another aspect, there is provided a core-shell composite as disclosed herein for

use in therapy. In another aspect, there is provided the use of a core-shell

composite as disclosed herein in the manufacture of a medicament, said

medicament being configured to deliver an active ingredient to the small intestine

of a human or animal.

Definitions
The following words and terms used herein shall have the meaning indicated:

The term “active ingredient” as used herein may be interpreted broadly to include a

physiologically active compound, including but not limited to, antioxidants, anti¬

microbials, antiviral, antifungal, antithrombotic agents, anti-inflammatory agents,

anticarcinogenic agents, analgesic, immune modulators, regulators of lipid

metabolism, amino acids, lipids, peptides, proteins, plant extracts, phytochemicais,

saccharides, enzymes, hormones, receptor inhibitors, receptor agonists, and vitamins.
As used herein, the term "gastric condition” refers to a biological or physiological

gastric condition or an environment that simulates the same comprising a fluid or

aqueous medium having a pH of less than 4.5 and comprising at least one gastric

enzyme.
The term “gastric enzyme” is to be interpreted to include an enzyme in the gastric fluid

which breaks down macromolecules into smaller molecules that can be absorbed by

the human body. The term “gastric enzyme” as used herein may include an enzyme in

the gastric fluid that breaks down protein, glycerides, or fatty acids. The term “gastric

condiUon” when used herein in relation to a simulated gastric fluid is to be interpreted

in the same manner as defined above.
As used herein, the term “intestinal enzyme” is to be interpreted broadly to include an

enzyme found in the intestinal fluid that breaks down macromolecules into smaller

molecules that can be absorbed by the human body. This may include enzymes

secreted by the small intestine or enzymes secreted by another organ (e.g, pancreas)

into the intestinal environment.
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Claims 

1. A core-shell composite material comprising: 

a. a core optionally comprising an active ingredient compound; 

b. a shell structure comprising at least two layers; said at least two 

layers being alternately a protein layer and a polyphenol layer; and  

c. a polyelectrolyte layer interfacing said core and said shell structure, 

said polyelectrolyte layer being disposed adjacent to said protein 

layer or said polyphenol layer,  

wherein said shell structure is selected to be resistant to degradation 

under gastric conditions but is degradable by one or more intestinal 

enzymes, and wherein the outermost layer of said shell structure is a 

polyphenol layer. 

 

2. The core-shell composite material of claim 1, wherein said polyelectrolyte is 

selected from poly(L-lysine), poly(L-arginine), chitosan, dextran, starch, cellulose or 

derivatives thereof. 

 

3. The core-shell composite material of claim 1 or 2, wherein said protein is 

selected from alpha-s1-casein, pepsin, bovine serum albumin (BSA), ovalbumin, 

lysozyme, hemoglobin from bovine blood, chymotrypsin, b-lactoglobulin, trypsin, 

ubiquitin, lectin, lactoperoxidase, myosin from rabbit muscle, actin, kappa-casein, 

beta-casein, alpha-lactalbumin, elastin from bovine neck ligament or ferritin. 

 

4. The core-shell composite material of any one of the preceding claims, 

wherein said protein layer is resistant to proteolytic degradation by gastric digestive 

enzymes, characterized by having a ratio of residues cleavable by said gastric 

enzymes to total amino acid residues of less than 30% or wherein said gastric 

digestive enzyme is pepsin.   
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5. The core-shell composite material of any one of claims 1 to 4, wherein said 

protein layer is further characterized by having a ratio of total cleavable residues to 

total amino acid residues of more than 35%.  

 

6. The core-shell composite material of any one of claims 1 to 5, wherein said 

outermost polyphenol layer is characterized by being reactive with at least one 

gastric digestive enzyme to thereby bind a layer of said gastric digestive enzyme 

thereon or 

wherein each polyphenol layer is independently selected from, or is a derivative of, 

gallic acid, catechins, epicatechins, proanthocyanidins, anthocyanidins, galloylated 

catechins, flavonoids, isoflavonoid, neoflavonoids, flavones, or tannins or wherein 

the outermost polyphenol layer is tannin, tannic acid or a derivative thereof. 

 

7. The core-shell composite material of any one of the preceding claims, 

wherein said active ingredient is selected from the group consisting of: a 

pharmaceutically active compound or salt thereof, food additives, polysaccharides,  

a hormone, a bioactive, a protein, an enzyme, a peptide, a polypeptide, a prebiotic, 

a phytochemical, a probiotic, a vitamin and mixtures and complexes thereof. 

 

8. The core-shell composite material of any one of the preceding claims, 

wherein the total thickness of the shell structure is 5 to 100 nm or 

wherein said composite shell is substantially spherical in shape and has a diameter 

of about 0.5 to about 10 m. 

 

9. The core-shell composite material of any one of the preceding claims, 

wherein said gastric conditions are characterized by about pH 3 and the presence 

of at least one gastric enzyme. 

 

10. The core-shell composite material of any one of the preceding claims, 

wherein said intestinal enzyme is one or more enzymes secreted from the 

pancreas or the small intestine, selected from the group consisting of: trypsin, 

chymotrypsin, elastase, enterokinase, carboxypeptidase, aminopeptidase, 

dipeptidase and mixtures thereof. 
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11. A method of preparing a core-shell composite material comprising the steps 

of: 

a) depositing, in alternate manner, at least one of a protein layer and one 

of a polyphenol layer to thereby form a multi-layered shell structure 

enveloping an encapsulated active ingredient;  

 wherein said protein layer is selected such that said shell structure is 

resistant to degradation under gastric conditions but is degradable by one or more 

intestinal enzymes, wherein said active ingredient is encapsulated by a 

polyelectrolyte prior to said deposition step and wherein the depositing step further 

comprises depositing the polyphenol layer as the outermost layer. 

 

12. The method of claim 11, wherein said active ingredient is absorbed on a 

solid support comprising a porous structure. 

 

13. The method of claim 11 or 12, wherein said protein layer is resistant to 

proteolytic degradation by gastric digestive enzymes, characterized by having a 

ratio of residues cleavable by said gastric enzymes to total amino acid residues of 

less than 30% or 

wherein said protein layer is characterized by having a ratio of total cleavable 

residues to total amino acid residues of more than 35%. 

 

14. The method of any one of claims 11-13, wherein the method further 

comprises a step of removing said solid support prior to, during or after said 

deposition step or wherein said removing step comprises chemically decomposing 

said solid support. 

 

15. The method of any one of claims 11-14, wherein the depositing step (a) is a 

layer-by-layer deposition, comprising alternatingly mixing the active ingredient in a 

protein solution to form said protein layer and subsequently mixing in a polyphenol 

solution to form a polyphenol layer over said protein layer, to thereby form said 

multi-layered shell structure or 

wherein the depositing step comprises depositing the protein layer adjacent to said 

polyelectrolyte layer orwherein the depositing step comprises depositing the 

polyphenol layer adjacent to said polyelectrolyte layer. 
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16. The method of any one of claims 11-15, wherein said polyelectrolyte is 

selected from poly(L-lysine), poly(L-arginine), chitosan, dextran, starch, cellulose or 

derivatives thereof. 

 

17. The method of any one of claims 11-16, wherein said protein is selected 

from alpha-s1-casein, pepsin, bovine serum albumin (BSA), ovalbumin, lysozyme, 

hemoglobin from bovine blood, chymotrypsin, b-lactoglobulin, trypsin, ubiquitin, 

lectin, lactoperoxidase, myosin from rabbit muscle, actin, kappa-casein, beta-

casein, alpha-lactalbumin, elastin from bovine neck ligament or ferritin. 

 

18. The method of any one of claims 11-17, wherein each deposited polyphenol 

layer is independently selected from, or is a derivative of, gallic acid, catechins, 

epicatechins, proanthocyanidins, anthocyanidins, galloylated catechins, flavonoids, 

isoflavonoid, neoflavonoids, flavones, or tannins. 

 

19. A core-shell composite as claimed in any one of claims 1 to 10 for use in 

therapy. 

 

20. Use of a core-shell composite as claimed in any one of claims 1 to 10 in the 

manufacture of a medicament, said medicament being configured to deliver an 

active ingredient to the small intestine of a human or animal.   
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