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Available online 20 October 2016 Chitosan oligosaccharide (COS) is an oligomer of β-(1➔ 4)-linked D-glucosamine. COS can be prepared from the
deacetylation and hydrolysis of chitin, which is commonly found in the exoskeletons of arthropods and insects
and the cell walls of fungi. COS iswater soluble, non-cytotoxic, readily absorbed through the intestine andmainly
excreted in the urine. Of particular importance, COS and its derivatives have been demonstrated to possess
several biological activities including anti-inflammation, immunostimulation, anti-tumor, anti-obesity, anti-
hypertension, anti-Alzheimer's disease, tissue regeneration promotion, drug and DNA delivery enhancement,
anti-microbial, anti-oxidation and calcium-absorption enhancement. The mechanisms of actions of COS have
been found to involve themodulation of several important pathways including the suppression of nuclear factor
kappa B (NF-κB) and mitogen-activated protein kinases (MAPK) and the activation of AMP-activated protein
kinase (AMPK). This review summarizes the current knowledge of the preparation methods, pharmacokinetic
profiles, biological activities, potential therapeutic applications and safety profiles of COS and its derivatives. In
addition, future research directions are discussed.
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1. Introduction

1.1. Chemical structure and physicochemical
properties of chitosan oligosaccharides (COS)

Chitin and chitosan are linear polymers composed of β-(1 ➔ 4)-
linked N-acetyl-D-glucosamine (GlcNAc, acetylated unit A) and D-glu-
cosamine (GlcN, deacetylated unit D) (Fig. 1). Chitin contains a high
proportion of GlcNAc, while chitosan is mainly composed of GlcN,
which can be protonated to form a positively charged moiety (NH3

+)
at neutral/physiological pH, making chitosan a positively charged poly-
mer at neutral/physiological pH. Chitosan oligosaccharide (COS) is an
oligomer of chitosan, which usually has a degree of polymerization
(DP) b 50–55 and an average molecular weight (MW) b10,000 Da
(Fig. 1). The chemical characteristics of COS can also be described by
the degree of deacetylation (DD), which corresponds to the molar
fraction of GlcN in the COS molecule, molecular weight distribution

(polydispersity or PD) and the sequence or pattern of N-acetylation
(PA). These chemical characteristics have great impacts on the physico-
chemical and biological properties of COS.

Compared with chitosan, COS has a higher water solubility and lower
viscosity, making it a more favorable candidate for therapeutic applica-
tions. COS is completely soluble inwater andpartially soluble inmethanol
and dimethyl sulfoxide but insoluble in acetone and ethanol. COS with a
DP of 2–4 is soluble in methanol, but COS with a DP N 5 is less soluble
(Aam et al., 2010). Low-MW COS (MW b 1500 Da) is soluble in water
over a wide range of pH due to the low intermolecular interactions,
including van der Waals forces (Aam et al., 2010).

1.2. Preparation of COS from natural sources

COS is a degradation product of chitosan, which can be prepared
from the deacetylation of chitin, which is the second most abundant
polymer in nature after cellulose and found in the exoskeletons of

Fig. 1. Chemical structures of chitin, chitosan, chitosan oligosaccharide (COS) and their derivatives. (A) Chemical structure of chitin and its derivatives. R1=H for chitin. R1=(CH2)2NH2 for
aminoethyl-chitin. n N 27 (MW N 10,000 Da; DP N 55). (B) Chemical structures of chitosan, COS and their derivatives. Chitosan: n N 53 (MW N 10,000 Da; DP N 55). COS: n ≤ 53
(MW ≤ 10,000 Da; DP ≤ 55); R1=H, R2=H, R3=H. Aminoethyl-COS: R1=(CH2)2NH2, R2=H, R3=H. Carboxylated COS: R1=H, R2=CO(CH2)2COO−, R3=H. Sulfated COS: R1, R2, R3=H
or SO3

−. Phenolic acid-conjugated COS: R1=H, R2=phenolic acid, R3=H. Kojic acid-conjugated COS: R1=kojic acid, R2=H, R3=kojic acid. Gallic acid-conjugated COS: R1=H, R2=gallic
acid, R3=H.
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