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Abstract: Polysaccharides as one of the most common drug delivery materials have the excellent advantages,
such as diverse natural sources, high biocompatibility and multi-functions. Polysaccharides have been investigated
and widely used in food industry, pharmaceutical and medical fields especially in the targeted oral drug delivery
for colonic diseases treatment with important research values and great potential applications. Inspired by the
unique properties of polysaccharides, researchers around the world have developed the cross-linked nanoparticles,
self-assembled nanoparticles and hydrogels, focusing on various drug delivery strategies such as pH-sensitive,
microbial enzyme-responsive, reactive oxygen species-responsive, mucoadhesive and receptor-targeted. Exhilaratingly,
the polysaccharides-based therapeutics have shown high efficacy for the treatment of digestive tract diseases, such
as colitis or colonic cancer. Herein, we summarized the research progress of polysaccharides-based targeted oral drug
delivery systems for colonic diseases treatment, and discussed the perspectives of the researches and application
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development in future.
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Table 1 Polysaccharides mainly explored for colon-targeted drug delivery systems
Polysaccharide Chemical structure Natural source Key property Ref.
Chitosan Crustacean exoskeleton Cationic polymer; pH-sensitivity; degradation [21,29]
by colonic enzymes; mucoadhesivity; cellular
permeability
Alginate o Brown algae Anionic polymer; pH-sensitivity; degradation [30]
0; by colonic enzymes; mucoadhesivity; high
OH
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Hyaluronic = o Bacterial fermentation, Anionic polymer; degradation by hyaluronidases; [23,31]
acid 5 o rooster combs, umbilical  binding with CD44; high gelling ability
0 cords
S 0 HO
o
HO NH
OH
o
- -—in
Pectin . Varies plant cell walls and Anionic polymer; degradation by colonic enzymes; [32, 33]
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o o—
o
OH O
Hi
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Cyclodextrin oH Enzymatic conversion of ~ Non-ionic polymer; hydrophilic cavity exteriors [34, 35]
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0
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n
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Dextran i o ] Lactic acid bacteria Non-ionic polymer; degradation by colonic enzymes  [13]
HOr Q
OH H
H|
O
o /

H

P bR PR B A BT ) 45 ) 3 K SRS T AR
DH M S Al A A e 7 3 S N i R B R B
SRR 8 A 2 AR 5y 1R IR 2 (BT D).

pH ] [ PR S EILAR T N\ AZR T A 8 2% A7 1 pHLEL
ZES, IEHFIRES T BB pHEZ N 5.0~ 7.0, H &6 pHE
2149 1.0~ 4.0, /N pHIE L N 6.5~ 7.2, 45l pH 1H £
5.0~ 7.0%, 2 11 fiRadE N 25 i 1 45 B B [B) AT IA 20
AL FRAT 70 A2 I (8] 45 i pH ER 858 7 A i 2, AT S
DL pH¥ERE . 2 W 0V fift 1tk 2y e far P35 5 52 31 pH B
sEMA, DRI T2 T pH e . B JI 1 249 35 15 AR R 11
P o 1% L e R ATL A1) ) R FH 5 AR A Sy R S, (R

fa 2, N5 45 pH 3085 22 R 80, B B
B pH PR 0% Bl I R AR, AR Ak 34 RN T 7
I, B — pH M AR 45 1 45 I 24 ) a0k v 1 M 0 R
Rk

A A Tl I ) SE IR 6 T M o A R ) A
P Sl 2 ARAREE, Z 50N EEY)
HIRE, fE4ERFipiEfa s h R EEAE M . Gl itng 7
W) B Y A 8 JR B (azoreductases)- i 5% 18 Ji
A (nitroreductases) . i i % % % £ % (glucuronidases).
¥E ¥ (glycosidases). Fig B (esterases) Al Pt f& i
(amidases) %M, K2 HUTE 45 17 A A7 000 PR AU 7 d i



R DR L ) 25 W3k fR R AE S i POVIR TT T RS T T e - 979 -

pH responsive

¢ Stomach: 1~4
¢ Small intestine: 6.5~7
¢ Colon: 5~7

Enzymes responsive

ROS responsive

VY * Hydroxyl radicals
UVUUL o superoxide anion
* Hydrogen peroxide

* Azoreductases

Colorectal cancer
Molecular targeted

* Nitroreductases (7
* Glucuronidases

* Cluster of differentiation
* Folate receptor

* Glycosidases - J Lumen :
\ * Lectin receptor
o * Mannose receptor
Mucoadhesive \ Mucus layer . P
> AV N
* Mucin (-) S S

* Transferrin (+)

* Bactericidal/permeability-
increasing protein (+)

* Antimicrobial peptides (+)

Epithelial cell ~ Macrophage

Ulcerative colitis

Tcell Colorectal cancer Cancer stem cell ROS

Figure 1 Design principles for colon-targeted drug delivery systems. ROS: Reactive oxygen species
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Figure 2 Common mechanisms for polysaccharides-based oral drug delivery systems preparation. A: Cross-linking; B: Self-assembly
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Figure 3  Poly(lactic-co-glycolic acid) (PLGA) nanoparticles

(NPs) coated with hyaluronic acid (HA) were synthesized by a double
emulsion method. The oral drug delivery system with negative
charge presented an attractive strategy for colorectal cancer treatment.
¥+s,n=23."P<0.001. (Adapted from Ref. 62 with permission.
Copyright © 2019 Elsevier)
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Figure 4 ROS-responsive material based on f-cyclodextrin (f-CD) was used to prepare a carrier for Ac2-26. The nano-therapy showed a

significant effect on both acute colitis and chronic colitis. ON: Blank ROS-responsive nanoparticles; APN: PLGA-based nanoparticles loaded

with Ac2-26; AON: ROS-responsive nanoparticles containing Ac2-26. (Adapted from Ref. 72 with permission. Copyright © 2019 Wiley

Open Access CC-BY)
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Figure 5 Multilayer core-shell nanoparticles, where curcumin

served as a core while polysaccharides served as the shell,
showed preferential accumulation of nanoparticles in inflamed
colonic tissues. LBL: Layer-by-layer; CH: Chitosan; AG: Alginate.
X+s,n=6."P<0.001 vs healthy colon. (Adapted from Ref. 87
with permission. Copyright © 2020 American chemical society)
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Figure 6 Non-covalent crosslinked hydrogels based on konjac
glucomannan. Dextran sulfate sodium (DSS) induced ulcerative
colitis mouse model was used to evaluate the drug delivery system
and revealed an improved therapeutic efficacy. DAI: Disease activity
index. X £ s, n = 6. "P < 0.05, "P < 0.01, ""P < 0.001. (Adapted
from Ref. 94 with permission. Copyright © 2020 American Chemi-
cal Society)
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Table 2 Polysaccharide-based targeted oral drug delivery systems and their therapeutic model. UC: Ulcerative colitis; NF-xB: Nuclear
factor-kappa B

Mechanism Polysaccharide investigated Type of formulation Drumg(:fei}ﬁlo:d In vitro/in vivo model used Ref.
pH Chitosan, glucuronic acid Coated mesoporous silica Capecitabine ~ HCT116; 1,2-dimethylhydrazine [66]
nanoparticles induced rat colon cancer model
pH, enzymes Alginate, carboxymethyl Polyelectrolyte complexes Diclofenac Simulated gastrointestinal tract [99]
chitosan, aminated chitosan microcapsules sodium conditions
pH Chitosan, sodium alginate Non-covalent polymer hydrogel 5-Amino DSS induced mouse model [93]
salicylic acid
pH Carboxymethyl chitosan, Microspheres in hydrogels Curcumin DSS induced mouse model [95]
hyaluronic acid, gelatin
Enzymes Dextran Coated solid lipid nanoparticles Doxorubicin ~ CT26, tumor inoculation [68]
Enzymes Glucomannan Noncovalent cross-linking hydrogel =~ Berberine DSS induced mouse model [94]
Enzymes Inulin, f-cyclodextrin Nanoparticles Curcumin Caco-2 [78]
Mucoadhesive Heparin, alginate, trimethyl ~Polyelectrolyte complexes Low molecular TNBS induced mouse model [48]
chitosan nanoparticles weight heparin
Mucoadhesive Chitosan Chitosan coated PLGA nanoparticles NF-xB decoy Caco-2, DSS induced mouse model [46]
oligonucleotide
pH, mucoadhesive Chitosan, alginate Chitosan/alginate nanoparticles a-Mangostin -~ Normal human fibroblast, HT-29 [45]
crosslinked by genipin
Mucoadhesive Chitosan, heparin Lipid modified polyelectrolyte Heparin NCM460, Caco-2 [82]
complexes
ROS Chitosan Chitosan stabilized selenium Zero-valent Caco-2 [65]
nanoparticles selenium
pH, ROS Dextran Modified dextran nanoparticles Rifaximin C2bbel, HT-29 [71]
in microparticles
ROS p-Cyclodextrins Phenylboronic esters-modified Ac2-26 DSS induced UC mouse model [72]
modified cyclodextrins nanoparticles
ROS Chondroitin sulfate Chondroitin sulfate nanoparticles Doxorubicin ~ HCT-116, tumor inoculation [100]
pH, ROS Dextran Dextran-drug conjugate nanoparticles Naproxen RAW264.7 [73]
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B IR e B E . (8]
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