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Abstract

Chitosan and its derivatives contain biologically active functional groups such
as amino and hydroxyl groups, and exert regulatory effects on lipid metabolism
when supplemented in animal diets. This review summarizes the metabolic
kinetics of chitosan and its derivatives in animals and their modulatory effects on
lipid metabolism. Additionally, it reviews the potential regulatory mechanisms
from perspectives including lipid binding capacity, inhibition of pancreatic lipase,
and modulation of adipocytokines, lipid metabolism-related enzymes and their
gene expression, adenosine monophosphate-activated protein kinase, and lipid
synthesis transcription factors. This provides a theoretical basis for further
investigating the mechanisms by which chitosan and its derivatives influence
animal lipid metabolism and for scientifically regulating lipid metabolism.
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Abstract

Chitosan and its derivatives contain bioactive functional groups such as amino
and hydroxyl groups that exhibit lipid metabolism-regulating effects when
added to animal diets. This review summarizes the metabolic kinetics of
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chitosan and its derivatives in animals and their regulatory effects on lipid
metabolism. The potential mechanisms are discussed from the perspectives
of lipid binding capacity, pancreatic lipase inhibition, and modulation of
adipocytokines, lipid metabolism-related enzymes and their gene expression,
adenosine monophosphate-activated protein kinase (AMPK), and lipid synthe-
sis transcription factors. This synthesis aims to provide a theoretical basis for
further investigation into the mechanisms by which chitosan and its derivatives
influence animal lipid metabolism and for the scientific regulation of lipid
metabolism.

Keywords: chitosan; lipid metabolism; regulation mechanism

Chitosan is a polyglucosamine composed of -(1-4)-2-acetamido-D-glucose and -
(1-4)-2-amino-D-glucose units, representing the second most abundant polymer
in nature after cellulose. By inserting different functional groups into the chi-
tosan molecule, various derivatives such as aminoethyl chitosan, carboxylated
chitosan, and sulfated chitosan can be formed. The positively charged amino
groups endow chitosan and its derivatives with unique, versatile functionalities.
These compounds have attracted considerable attention for their anti-obesity
and lipid-lowering effects, with numerous studies reporting their impacts on an-
imal lipid metabolism. However, research findings show substantial variation,
and studies on their underlying mechanisms remain limited. This review primar-
ily synthesizes current knowledge on the metabolic kinetics of chitosan and its
derivatives in animals and their effects on lipid metabolism and regulatory mech-
anisms, aiming to provide a reference for better utilization of these compounds
to regulate animal lipid metabolism and improve animal health.

1.1 Absorption

Native chitosan possesses high molecular weight, resulting in low solubility and
high viscosity characteristics. Consequently, early studies suggested that ani-
mal digestive tracts could not absorb chitosan and that no chitosan distribution
occurred in vivo. Subsequent research has demonstrated, however, that mam-
malian cells can absorb chitosan and its derivatives and participate in intra-
cellular metabolic processes, though their absorption rate and cellular activity
depend heavily on molecular weight, solubility, and deacetylation rate. Chi-
tosan and its derivatives with high water solubility and low molecular weight
are more readily absorbed [1].

To enhance bioactivity, chitosan is often degraded into chitooligosaccharides,
which have lower molecular weight and viscosity along with higher solubility.
Studies using in vivo and in vitro models have shown that chitooligosaccha-
rides are absorbed through small intestinal epithelial cells at higher rates than
chitosan. Low molecular weight chitosan (13 and 22 kDa) can be transported
across intestinal epithelial cells, whereas high molecular weight chitosan (230
kDa) cannot be absorbed [1].
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1.2 Distribution

Xia et al. [2] used fluorescein-labeled chitosan to verify its distribution and
metabolism in mice. The results showed that chitosan was primarily distributed
in the liver, kidney, and muscle tissues, with the highest content in the liver 1
hour after oral administration, while kidney content became highest over time
[2]. Wu et al. [3] conducted pharmacokinetic studies on chitosan microspheres
and found that they were present in nearly all rat tissues, particularly the liver
and kidney. The physicochemical properties of chitosan and its derivatives af-
fect their in vivo distribution; lower molecular weight chitosan distributes more
extensively in rat liver and kidney [1]. Additionally, when deacetylation degree
decreases, chitosan accumulates more in mouse kidney than in liver and spleen

[1].

1.3 Metabolism and Elimination

Lysozyme in animal plasma, liver, kidney, and urine can degrade chitosan. Rat
liver and kidney play central roles in chitosan biodegradation, with degradation
products in rat liver ranging from <1 kDa to 50 kDa for high molecular weight
(>200 kDa) chitosan [4]. The kidney serves a critical function in chitosan excre-
tion, with over 80% of chitosan eliminated via urine in rats [4]. Xia et al. [2]
showed that after oral administration of chitosan in mice, it was excreted in its
original form in feces at 2.5-5.0 hours and in urine at 6-12 hours, with partial
degradation. Following intraperitoneal injection of chitosan (300 kDa), urinary
chitosan molecular weights ranged from <10 kDa to 40 kDa [4], indicating that
chitosan is primarily excreted through urine after hepatic and renal degradation.

2.1 Effects of Chitosan and Its Derivatives on Blood Lipid
Content

Hyperlipidemia and hypercholesterolemia are risk factors for atherosclerosis and
other cardiovascular dysfunctions. Most studies have demonstrated that chi-
tosan and its derivatives can reduce blood lipid levels in animals, attracting at-
tention for treating obesity and dyslipidemia. Research in animals (rodents, pigs,
and poultry) and humans has shown that dietary supplementation with chitosan
and its derivatives significantly decreases plasma triglycerides (T'G), cholesterol
(CHOL), low-density lipoprotein cholesterol (LDL-C), very low-density lipopro-
tein cholesterol (VLDL-C), and free fatty acid (FFA) levels while increasing
plasma high-density lipoprotein cholesterol (HDL-C) content, thereby removing
excess CHOL from tissues and transporting it to the liver for excretion [5-8].

The efficacy of chitosan and its derivatives in regulating blood lipids remains
controversial. Although most trials show improvements in lipid profiles, some
researchers question their clinical effectiveness. Keser et al. [9] found that chi-
tosan only significantly reduced serum LDL-C levels in broilers without affecting
other lipids. Wang et al. [10] reported that chitosan supplementation in pigs
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only increased serum HDL-C without significantly affecting CHOL or TG. Hu-
man studies also showed that oral chitosan had no significant effect on plasma
TG, HDL-C, LDL-C, or VLDL-C levels [11]. Conversely, Liu et al. [12] found
that 7% chitosan supplementation in high-sucrose diets reduced plasma CHOL
but increased plasma TG in rats. The regulatory effects of chitosan on blood
lipids are influenced by multiple factors, including physicochemical properties
and feeding duration, which may explain these inconsistent results. Trivedi et
al. [11] recommended consuming chitosan approximately 15 minutes to 1 hour
before meals to allow sufficient time for dissolution in gastric acid and effective
binding of dietary fats. Jin et al. [13] reported that the lipid-lowering effects of
chitosan correlate with its molecular weight and surface charge.

2.2 Effects of Chitosan and Its Derivatives on Lipid Accu-
mulation

Reports on the effects of chitosan and its derivatives on lipid accumulation in
animals are limited. High-fat diets readily induce lipid metabolism disorders,
increase tissue lipoprotein lipase activity, reduce lipolysis rates in visceral and
subcutaneous adipocytes, and promote TG accumulation in adipocytes. Chi-
tosan and its derivatives can effectively inhibit intracellular lipid accumulation.
Wu et al. [3] demonstrated that chitosan microspheres significantly improved
TG content in rat adipocytes. Supplementing high-sucrose diets with 7% chi-
tosan markedly increased lipolysis rates in rat epididymal fat pads and inhibited
TG accumulation [12]. Keser et al. [9] also found that dietary chitosan reduced
abdominal fat percentage in broilers. Furthermore, lipid accumulation accom-
panies adipocyte differentiation and hypertrophy. In vivo and in vitro data
indicate that chitosan and its derivatives effectively inhibit adipocyte differen-
tiation, hypertrophy, and adipose tissue weight, thereby reducing lipid accumu-
lation [14-15].

Chitosan and its derivatives can also stimulate fatty acid oxidation in rats, re-
duce FFA levels, and prevent lipid accumulation in non-adipose tissues [15].

2.3 Influence of Physicochemical Properties on Lipid
Metabolism

Chitosan and its derivatives constitute a large family of compounds with diverse
physical and chemical properties, and their capacity to bind fats and regulate
lipid metabolism closely relates to these properties. Molecular weight is the
primary factor affecting their physicochemical characteristics. Due to better
solubility and absorbability, researchers favor low molecular weight chitosan
and its derivatives for lipid-lowering properties [1], as they exhibit superior
CHOL clearance and greater inhibition of lipid accumulation and adipocyte
differentiation compared to high molecular weight chitosan. Recent research
indicates that lipid-binding capacity correlates with specific molecular weight
ranges. Jin et al. [13] showed that in an in vitro digestive tract model, chitosan
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with a molecular weight of 3 kDa exhibited the strongest fat and CHOL binding
capacity, with binding ability decreasing at molecular weights above or below
3 kDa. However, contradictory findings exist; Yao et al. [16] reported that
in rats fed high-fat diets, only high molecular weight chitosan reduced plasma
CHOL and increased fecal CHOL, while low molecular weight chitosan had no
significant effect.

The deacetylation process generates positively charged amino groups in chi-
tosan. Higher deacetylation degrees provide more free amino groups and positive
charges, enhancing the ability to bind lipids and bile acids through electrostatic
interactions. Additionally, particle size affects lipid-lowering efficacy. With
fixed molecular weight, smaller particles have larger total surface areas, and
fine-particle chitosan effectively reduces plasma and liver lipid levels in rats [5].
In vitro experiments show that powdered chitosan has greater oil absorption
capacity than flake chitosan [2].

3.1 Lipid Binding Mechanism

The lipid binding mechanism was the earliest proposed mechanism for chitosan-
mediated lipid metabolism regulation. In the digestive tract, chitosan forms
chitosan-lipid complexes that interfere with dietary fat digestion and absorption,
promoting fecal excretion of dietary fats.

Trautwein et al. [17] confirmed that chitosan supplementation in high-fat diets
significantly increased fecal fat excretion and reduced apparent fat digestibility
by 50% in rats. Guha et al. [18] suggested that chitosan can bind approximately
four times its own weight in lipids in vitro. Using an in vitro digestive tract
model, Jin et al. [13] concluded that 1 g of chitosan sample could absorb 2-8 g
of peanut oil or 50-65 mg of CHOL.

The lipid binding mechanism may involve four aspects. First is electrostatic
attraction: the positive charges on chitosan amino groups facilitate binding
to anionic substances such as fatty acids and bile acids, interrupting intesti-
nal lipid absorption and promoting bile acid excretion. To compensate for fe-
cal losses, hepatic CHOL is accelerated into bile acid conversion, manifesting
as lipid- and CHOL-lowering effects. Therefore, under equivalent molecular
weight conditions, higher deacetylation degrees provide more positive charges
and stronger lipid-binding capacity. However, electrostatic attraction cannot
explain increased neutral lipids like CHOL in feces. Second is encapsulation:
chitosan dissolves in the stomach to form viscous emulsions, and as polysaccha-
ride chains polymerize, the viscous chitosan encapsulates fat droplets, forming
protective films. When the complex reaches the small intestine, chitosan pre-
cipitates with encapsulated fats, preventing lipase from digesting lipids, which
are then excreted in feces [2]. Third is embedding: fat molecules can embed
within chitosan’ s long chains, with larger molecular weights and longer chains
trapping more fat molecules [17]. Thus, lipid-binding capacity increases with
molecular weight. Fourth is adsorption: at equivalent molecular weight, pow-

chinarxiv.org/items/chinaxiv-201812.00361 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00361

ChinaRxiv [$X]

dered chitosan has smaller particle size, larger surface area, and more open pore
structures than flake chitosan, facilitating adsorption [2]. However, chitosan
dissolves under gastric acidic conditions, potentially weakening this adsorption
function in vivo.

Nevertheless, Gang et al. [19] found that dietary chitosan did not affect fecal
fat excretion in mice and therefore did not reduce fat absorption. Pokhis et
al. [20] suggested that chitosan-lipid complexes are partially excreted and par-
tially utilized by colonic bacteria for energy, so fecal fat detection does not
significantly increase, indicating chitosan lacks substantial fat-binding capac-
ity. Stoll et al. [21] demonstrated that chitosan limits body weight in humans
consuming both high-fat and high-carbohydrate diets, suggesting lipid-lowering
mechanisms beyond simple lipid binding.

3.2 Inhibition of Pancreatic Lipase Activity

Pancreatic lipase is the key enzyme degrading dietary TG, converting it into
one monoglyceride and two fatty acids. Chitosan and its derivatives are con-
sidered competitive inhibitors of pancreatic lipase, reducing intestinal lipid and
CHOL absorption [22]. Jin et al. [13] showed that chitosan of various molecular
weights (1-9 kDa) could inhibit pancreatic lipase activity to some degree in an
in vitro digestive tract model. However, the specific mechanisms underlying this
inhibition remain unclear, with limited reports requiring further investigation.

3.3 Regulation of Adipocytokine Secretion

Adipocytes are primary energy storage sites that also play crucial endocrine
roles in energy balance. Adipocytokines regulate energy metabolism, inflamma-
tion, and insulin sensitivity through local and systemic actions. Chitosan and its
derivatives modulate adipocytokine secretion by inhibiting adipocyte differenti-
ation and hypertrophy and reducing adipose tissue weight, thereby suppressing
lipogenesis [12,23].

Interleukin-6 (IL-6) exhibits both pro- and anti-inflammatory effects while act-
ing as an inhibitor of lipid accumulation and an inducer of lipolysis and oxidation.
In cultured 3T3-L1 adipocytes, chitooligosaccharides downregulate adipogenesis-
related genes including peroxisome proliferator-activated receptor (PPAR ) and
CCAAT /enhancer-binding proteins by increasing IL-6 promoter transcriptional
activity and upregulating IL-6 gene expression, thereby reducing adipocyte dif-
ferentiation and lipid accumulation [23].

Energy balance is controlled by a complex neuroendocrine system involving pe-
ripheral signals derived from adipocytes. Leptin (LEP) is an adipocyte-secreted
hormone proportional to white adipose mass and serves as a key regulator of
energy balance, playing an epigenetic regulatory role in adipocyte differentia-
tion. LEP informs the brain about whole-body energy storage status, enabling
adipose tissue to drive central control of energy balance. LEP regulates appetite
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and energy expenditure in rodents, reducing body fat content. Researchers have
found that chitosan and its derivatives can weaken animal appetite and feed in-
take by increasing plasma LEP levels, accompanied by increased LEP content
and gene expression [7]. Given LEP’ s critical role in appetite suppression, a po-
tential link between chitosan and appetite control has been proposed [7]. Bahar
et al. [23] discovered that during adipocyte differentiation, chitooligosaccha-
rides inhibit LEP gene promoter demethylation, suppressing adipocyte matura-
tion and lipogenesis. Additionally, LEP can activate AMPK to stimulate fatty
acid oxidation and prevent lipid accumulation in non-adipose tissues. Chiu et
al. [15] also found that chitosan reverses high-fat diet-induced inhibition of hep-
atic AMPK activity in rats by inducing LEP secretion, thereby stimulating fatty
acid oxidation.

Furthermore, reducing tumor necrosis factor- (TNF-) can regulate lipid
metabolism and enhance hepatic lipid synthesis in rats, while adipocyte
hypertrophy increases plasma TNF- levels. Adiponectin inhibits lipogenesis.
Chitosan and its derivatives promote adiponectin secretion and reduce TNF-
levels in rat adipocytes [14].

3.4.1 Regulation of Lipid Metabolism-Related Enzyme Ac-
tivity and Gene Expression

Chitosan and its derivatives participate in animal lipid metabolism by regu-
lating the activity and gene expression of lipid metabolism-related enzymes.
Research shows they modulate lipid metabolism by inhibiting lipid synthesis
and transport-related enzyme activities and gene expression while upregulat-
ing lipid oxidation and catabolism-related genes. Using digital gene expression
profiling and gene ontology analysis, Choi et al. [22] found that chitooligosac-
charide supplementation in high-fat diets altered the expression of 965 genes in
rats, with 640 upregulated and 325 downregulated. FEnriched genes were pri-
marily involved in lipid metabolism, cellular ketone metabolism, organic acid
metabolism, steroid metabolism, and fatty acid -oxidation. Chitooligosaccha-
rides mainly affected signaling pathways including PPAR signaling, fatty acid
metabolism, unsaturated fatty acid biosynthesis, lysosomes, bile secretion, bile
acid synthesis, and steroid hormone synthesis [22]. Rahman et al. [14] investi-
gated chitooligosaccharide effects on 3T3-L1 adipocyte differentiation, revealing
differential changes in numerous protein spots, with 50 proteins showing signif-
icant changes (6 upregulated).

3.4.2 Regulation of AMPK and Lipid Synthesis Transcrip-
tion Factors

AMPK, a crucial sensor of cellular energy homeostasis, plays a key role in reg-
ulating lipid metabolism in liver and adipose tissue. AMPK inhibits liver X
receptor (LXR) activity, thereby suppressing hepatic TG accumulation and
fatty acid synthase activation. Chitosan supplementation significantly acti-
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vates AMPK phosphorylation, attenuating high-fat diet-induced expression of
LXR , PPAR , and sterol-regulatory element binding protein 1¢c (SREBP1c) in
rat liver, epididymal, and perirenal adipose tissues [15]. Recent studies show
that chitooligosaccharides activate AMPK through calcium-sensing receptor-
phospholipase C-inositol trisphosphate (IP3) receptor channels [24]. Moreover,
chitosan and its derivatives induce LEP and IL-6 secretion, reversing high-fat
diet-induced AMPK inhibition in rat liver, epididymal, and perirenal adipose
tissues [14-15].

LXRs and PPARs are ligand-activated transcription factors known as nuclear re-
ceptors that play important roles in fatty acid and CHOL metabolism, emerging
as key metabolic regulators. LXR triggers downstream fatty acid synthase gene
expression by inducing SREBP1c, increasing fatty acid synthesis. The PPAR
family includes PPAR , PPAR , and PPAR , where PPAR controls adipocyte
differentiation and lipid storage while PPAR reduces hyperlipidemia. For en-
ergy balance, PPAR induces fatty acid -oxidation when hepatic fatty acid
levels are elevated. Chitosan and its derivatives inhibit LXR and PPAR gene
expression while promoting PPAR expression in rat white adipose tissue [22].

Hepatic CHOL conversion to bile acids represents a crucial pathway for CHOL
elimination. Cholesterol 7 -hydroxylase (CYP7A1) is the rate-limiting enzyme
in bile acid synthesis. High-fat diets supplemented with chitosan activate
PPAR , which forms a complex with retinoid X receptor and binds to CYP7A1
regulatory elements, activating hepatic CYP7A1 expression [15]. 3-Hydroxy-3-
methylglutaryl coenzyme A reductase (HMGR) and sterol-regulatory element
binding protein-2 (SREBP-2) are key enzymes in CHOL synthesis, and
high-fat/high-CHOL diet-induced LXR, activation upregulates their expression.
Dietary chitosan inhibits LXR protein expression in high-fat diet-fed rats,
downregulating HMGR and SREBP-2 protein expression [25]. Additionally,
ATP binding cassette transporter A1l (ABCA1), a hepatic transporter pro-
tein, promotes CHOL transfer to apolipoprotein A (apoA) to form HDL-C.
Dietary chitosan promotes ABCA1 gene expression, alleviating hepatic CHOL
accumulation in high-fat diet-fed rats [25].

Chitosan reduces expression of downstream fatty acid and TG synthesis-related
genes including fatty acid synthase, acetyl-CoA carboxylase, fatty acid desat-
urase, ATP-citrate lyase, and diacylglycerol acyltransferase, while upregulating
lipid oxidation and catabolism-related genes such as acyl-CoA oxidase and car-
nitine palmitoyltransferase, by inhibiting LXR and SREBP1c expression and
activating PPAR [15,25]. In obese patients, hepatic steatosis relates not only
to lipid synthesis and catabolism but also to lipid flux. Fatty acids are trans-
ported into hepatocytes via fatty acid transport proteins (FATP), while fatty
acid-binding proteins (FABP) bind hydrophobic fatty acids for diffusion into the
cytosol, where they are esterified into TG and accumulate in the liver. High-fat
diets supplemented with chitosan effectively inhibit hepatic FATP and FABP
expression in rats, with nuclear receptors playing key regulatory roles [15].

Collectively, current research indicates that chitosan and its derivatives regulate
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animal lipid metabolism by activating AMPK to modulate key transcription
factors including nuclear receptors and SREBPs and their downstream genes
involved in lipid metabolism (synthesis, transport, catabolism, oxidation). The
regulatory mechanism is illustrated in Figure 1 [Figure 1: see original paper].

Figure 1. Molecular regulation mechanism of chitosan and its derivatives.
AMPK: adenosine monophosphate-activated protein kinase; LXR : liver X
receptor ; PPAR : peroxisome proliferator-activated receptor ; SREBPlc:
sterol-regulatory element binding protein lc; PPAR : peroxisome proliferator-
activated receptor ; ABCA1l: ATP binding cassette transporter Al; HMGR:
3-hydroxy-3-methylglutaryl coenzyme A reductase; FAS: fatty acid synthase;
ACC: acetyl-CoA carboxylase; FADS: fatty acid desaturase; Acly: ATP-citrate
lyase; DGAT: diacylglycerol acyltransferase; FATP: fatty acid transport
protein; FABP: fatty acid-binding proteins; AOX1: alcohol oxidase 1; CPT:
carnitine palmitoyltransferase; CYP7A1: cholesterol 7 -hydroxylase; TC: total
cholesterol; HDL-C: high-density lipoprotein cholesterol.

However, Egan et al. [7] found that chitosan supplementation in conventional
diets upregulated PPAR expression in pig hypothalamus while downregulating
orexigenic gene expression in small intestine and hypothalamus, suggesting that
dietary chitosan exerts anti-obesity effects and reduces body fat by altering ap-
petite and feeding behavior to influence satiety signals. Chia et al. [26] reported
that subcutaneous chitosan injection in mice fed conventional diets significantly
activated PPAR in brain and stomach, downregulating apolipoprotein B (apoB)
and ghrelin gene expression. apoB combines with microsomal transport protein
to incorporate lipids into apoB, forming VLDL particles, and downregulation of
apoB expression helps reduce TG and CHOL levels. Furthermore, Xu et al. [27]
found that chitosan increased hepatic LDL-C receptor mRNA levels in rats,
eliminating CHOL-rich lipoprotein particles. High-fat diets supplemented with
chitosan inhibited hepatic acyl coenzyme A: cholesterol acyltransferase (ACAT)
gene expression [5]. ACAT is responsible for intestinal CHOL absorption and
VLDL assembly; high ACAT activity accelerates hepatic VLDL release, elevat-
ing blood CHOL levels.

4 Summary

In summary, chitosan and its derivatives effectively reduce blood lipid levels
and lipid deposition in animals through mechanisms primarily involving lipid
binding, pancreatic lipase inhibition, and regulation of adipocytokines, lipid
metabolism-related enzyme activities and gene expression, AMPK, and lipid
synthesis transcription factors. However, current research has focused mainly
on humans and rats, with limited studies in other animal species. Controversies
persist regarding their effects on lipid metabolism and underlying regulatory
mechanisms, necessitating further investigation to provide theoretical founda-
tions for scientifically regulating animal lipid metabolism using chitosan and its
derivatives.

chinarxiv.org/items/chinaxiv-201812.00361 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00361

ChinaRxiv [$X]

References

[1] ZENG L T, QIN C Q, WANG W, et al. Absorption and distribution of chi-
tosan in mice after oral administration[J]. Carbohydrate Polymers, 2008, 71(3):
435-440.

[2] XIA W S, LIU P, ZHANG J L, et al. Biological activities of chitosan and
chitooligosaccharides[J]. Food Hydrocolloids, 2011, 25(2): 170-179.

[3] WU S H, PAN H T, TAN S R, et al. In vitro inhibition of lipid accumulation
induced by oleic acid and in vivo pharmacokinetics of chitosan microspheres
(CTMS) and chitosan-capsaicin microspheres (CCMS)[J]. Food & Nutrition Re-
search, 2017, 61(1): 1331658.

[4] SHAO K, HAN B Q, DONG W, et al. Pharmacokinetics and biodegradation
performance of hydroxypropyl chitosan derivative[J]. Journal of Ocean Univer-
sity of China, 2015, 14(5): 888-896.

[6] WU C C, LIN S Y, CHEN C T, et al. Differential blood lipid-lowering effects
of alkylsulfonated chitosan of different molecular weights in Syrian hamsters in
vivo[J]. Molecular Medicine Reports, 2012, 5(3): 688-694.

[6] TAO Y, ZHANG H L, HU Y M, et al. Preparation of chitosan and water-
soluble chitosan microspheres via spray-drying method to lower blood lipids in
rats fed with high-fat diets[J]. International Journal of Molecular Sciences, 2013,
14(2): 4174-4184.

[7] EGAN A M, O’ DOHERTY J V, VIGORS V, et al. Prawn shell chitosan
exhibits anti-obesogenic potential through alterations to appetite, affecting feed-
ing behaviour and satiety signals in vivo[J]. PLoS One, 2016, 11(2): ¢0149820.

[8] LI X J, PTAO X S, KIM S W, et al. Effects of chito-oligosaccharide sup-
plementation on performance, nutrient digestibility, and serum composition in

broiler chickens[J]. Poultry Science, 2007, 86(6): 1107-1114.

[9] KESER O, BILAL T, KUTAY H C, et al. Effects of chitosan oligosaccharide
and/or beta-glucan supplementation to diets containing organic zinc on perfor-
mance and some blood indices in broilers[J]. Pakistan Veterinary Journal, 2012,
32(1): 15-19.

[10] WANG J P, YOO J S, KIM H J, et al. Nutrient digestibility, blood pro-
files and fecal microbiota influenced by chitooligosaccharide supplementation in
growing pigs[J]. Livestock Science, 2009, 125(2/3): 298-303.

[11] TRIVEDI V R, SATTIA M C, DESCHAMPS A, et al. Single-blind, placebo
controlled randomised clinical study of chitosan for body weight reduction|[J].
Nutrition Journal, 2015, 15: 3.

[12] LIU S H, HE S P, CHIANG M T. Effects of long-term feeding of chi-
tosan on postprandial lipid responses and lipid metabolism in a high-sucrose-
diet-impaired glucose-tolerant rat model[J]. Journal of Agricultural and Food

chinarxiv.org/items/chinaxiv-201812.00361 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00361

ChinaRxiv [$X]

Chemistry, 2012, 60(17): 4306-4310.

[13] JIN Q, YU H H, WANG X Q, et al. Effect of the molecular weight of water-
soluble chitosan on fat-/cholesterol-binding capacities and inhibitory activities
of pancreatic lipase[J]. PeerJ, 2017, 5(3): e3279.

[14] RAHMAN A, KUMAR S G, KIM S W, et al. Proteomic analysis for
inhibitory effect of chitosan oligosaccharides on 3T3-L1 adipocyte differentia-
tion[J]. Proteomics, 2008, 8(3): 569-581.

[15] CHIU C Y, CHAN I L, YANG T H, et al. Supplementation of chitosan
alleviates high-fat diet-enhanced lipogenesis in rats via adenosine monophos-
phate (AMP)-activated protein kinase activation and inhibition of lipogenesis-
associated genes[J]. Journal of Agricultural and Food Chemistry, 2015, 63(11):
2979-2988.

[16] YAO H T, HUANG S Y, CHIANG M T. A comparative study on hypo-
glycemic and hypocholesterolemic effects of low molecular weight chitosan in
streptozotocin-induced diabetic rats[J]. Food and Chemical Toxicology, 2008,
46(5): 1525-1534.

[17] TRAUTWEIN E A, JURGENSEN U, ERBERSDOBLER H F. Cholesterol-
lowering and gallstone-preventing action of chitosans with different degrees of
deacetylation in hamsters fed cholesterol-rich diets[J]. Nutrition Research, 1997,
17(6): 1053-1065.

[18] GUHA S, PAL S K, CHATTERJEE N, et al. Effect of chitosan on lipid
levels when administered concurrently with atorvastatin-a placebo controlled
study[J]. Journal of the Indian Medical Association, 2005, 103(8): 418, 420.

[19] GANG Y P, MUN S, PARK Y, et al. Influence of encapsulation of emulsi-
fied lipids with chitosan on their in vivo digestibility[J]. Food Chemistry, 2007,
104(2): 761-767.

[20] POKHIS K, BITTERLICH N, CORNELLI U, et al. Efficacy of polyglu-
cosamine for weight loss-confirmed in a randomized double-blind, placebo-
controlled clinical investigation[J]. BMC Obesity, 2015, 2(1): 25.

[21] STOLL M, BITTERLICH N, CORNELLI U. Randomised, double-blind,
clinical investigation to compare orlistat 60 milligram and a customized polyglu-
cosamine, two treatment methods for the management of overweight and obe-
sity[J]. BMC Obesity, 2017, 4: 4.

[22] CHOI C R, KIM E K, KIM Y S, et al. Chitooligosaccharides decrease
plasma lipid levels in healthy men[J]. International Journal of Food Sciences
and Nutrition, 2012, 63(1): 103-106.

[23] BAHAR B, O’ DOHERTY J V, SWEENEY T. A potential role of IL-6 in
the chito-oligosaccharide-mediated inhibition of adipogenesis[J]. British Journal
of Nutrition, 2011, 106(8): 1142-1150.

chinarxiv.org/items/chinaxiv-201812.00361 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00361

ChinaRxiv [$X]

[24] MUANPRASAT C, WONGKRASANT P, SATITSRI S, et al. Activation
of AMPK by chitosan oligosaccharide in intestinal epithelial cells: mechanism
of action and potential applications in intestinal disorders[J]. Biochemical Phar-
macology, 2015, 96(3): 225-230.

[25] CHIU C Y, CHANG T C, LIU S H, et al. The regulatory effects of fish oil
and chitosan on hepatic lipogenic signals in high-fat diet-induced obese rats|J].
Journal of Food and Drug Analysis, 2017, 25(4): 919-930.

[26] CHIA H K, CHIEN Y H, TIN Y H. Assessment of chitosan-affected
metabolic response by peroxisome proliferator-activated receptor biolumi-
nescent imaging-guided transcriptomic analysis[J]. PLoS One, 2012, 7(4):
€34969.

[27] XU G, HUANG X, QIU L, et al. Mechanism study of chitosan on lipid
metabolism in hyperlipidemic rats[J]. Asia Pacific Journal of Clinical Nutrition,
2007, 16(S1): 313-317.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00361 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00361

	Regulatory Effects and Mechanisms of Chitosan and Its Derivatives on Animal Lipid Metabolism (Postprint)
	Abstract
	Full Text
	Regulation and Mechanism of Chitosan and Its Derivatives on Lipid Metabolism in Animals
	Abstract

	1.1 Absorption
	1.2 Distribution
	1.3 Metabolism and Elimination
	2.1 Effects of Chitosan and Its Derivatives on Blood Lipid Content
	2.2 Effects of Chitosan and Its Derivatives on Lipid Accumulation
	2.3 Influence of Physicochemical Properties on Lipid Metabolism
	3.1 Lipid Binding Mechanism
	3.2 Inhibition of Pancreatic Lipase Activity
	3.3 Regulation of Adipocytokine Secretion
	3.4.1 Regulation of Lipid Metabolism-Related Enzyme Activity and Gene Expression
	3.4.2 Regulation of AMPK and Lipid Synthesis Transcription Factors
	4 Summary
	References


