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Inhibition of chitin oligosaccharide on dyslipidemia and the
potential molecular mechanism exploration
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Abstract: The inhibitory effect of NACOS on dyslipidemia and potential molecular mechanisms by in vitro and in vivo
experiments were investigated. For in vitro study, four experimental groups were designed by using HepG?2 cells, including
the control group, palmitic acid (PA) treatment alone group, NACOS treatment alone group and NACOS + PA treatment
group. For in vivo study, male C57BL/6 mice were divided into four groups (n=5) at random including the normal control
group (NCD), high fat diet (HFD) group, NACOS treatment alone group, NACOS+HFD group, which were treated for 20
weeks. The used methods in this study were as follows: the observation of lipid droplet deposition in HepG2 cells by oil red
O staining, the detection of mRNA levels of lipid metabolism-related regulators and inflammatory cytokine by RT-PCR
method, the monitoring of MAPKs and PI3K/Akt pathway activation by Western blotting method. The in vitro study shows
that, NACOS had no toxicity on the viability of HepG2 cells at 25-100 pg/mL and significantly reduced the deposition of
lipid droplet. Also, based on both in vitro and in vivo investigation, NACOS evidently down-regulated the expression of
lipid metabolism-related regulators (PGCla, Cox5b, Mcad) and inflammatory cytokine (IL-1B) at mRNA level (P<0.05 or 0.01),
and suppressed the activation of p38, ERK1/2 and Akt in HepG2 cells and lever tissues from HFD-fed mice (P<0.05 or
0.01). Based on the above, NACOS may inhibit the oxidation of liver mitochondrial fatty acid and the lipid biosynthesis,
block the inflammatory responses and prevent the HepG2 cells and C57BL/6 mice from lipidemia.
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NACOS
1 ABET®
L1 KSR
(Palmitic acid PA) OCROS
MEM / Gibco
(FBS)
BCA O
RNA
Ultra SYBR Green Promega
(NACOS)
1) 50 g (
300-1 700 Da 90%) 50 mL
3 mL 0.1 g 4-
4.37 mL 60 C
4h 2) 5
2-3
2 h NACOS
3) LC-MS NACOS
97% 3-10
1.2 7%
1.2.1
HepG2 MEM (
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10% FBS 100 U/mL
1% )
5% CO, 80%
( 0.02% EDTA)
1) 80%
NACOS 12h 2)
2 3) PA
(100 pumol/L) (1% 10% FBS)
4)

100 U/mL
37 C
0.125%

1.2.2
1) HepG2
10*/mL 96
150 uL  2) 80%
2 3)
NACOS / PA 4)

5) 100 uL.  MTT (5 mg/mL)
3h 5) 100 uL
10 min
6) 490 nm
7)
% ( OD- OD)/( OD-
0D)*x100%
1.2.3 (0]
1) HepG2
80% 2)
PBS 2
3) 4% 30 min 4) PBS
60 % 15s 95) 0]
1 min PBS 3

1.2.4

1 min

3 min
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4 C57BL/6
18-20 g (
=20 35 45 Kcal%)
( =20 70 10 Kcal%)
20-25 C
4 (n=5)
1) (Normal chow diet
NCD) + 2)
(High fat diet HFD) +
3) NACOS +NACOS (1 mg/mL)
4) NACOS+
1g/lL  NACOS
20
mRNA
1.2.5 RNA RT-PCR
RNA 1) 40 mg

800 pL Trizol

1.5 mL

% 1 RT-PCR LESI¥FFI%

2) 0.2 mL
15s 3min 3)4°C
12 000 r/min 15 min
4)
10 min 5) 10 min
6) 75 % 800 pL
3s 7) 3 min 8)
2-3 min 50 uL DEPC
9) RNA cDNA
cDNA RNA
RT-PCR UltraSYBR
25 uL 1 uLcDNA 10 puL
SYBR Green 1 pL (
1) 13 uL
50 C 1 min 95 C 10 min
95 C 15 s 60 C 1 min

40

Table 1 The primers for RT-PCR
Primers Forward primer (5'-3’) Reverse primer (5'-3")

hPGCla TCTGAGTCTGTATGGAGTGACAT CCAAGTCGTTCACATCTAGTTCA
mPGCla CCCTGCCATTGTTAAGACC TGCTGCTGTTCCTGTTTTC
hIL-1B AAA AGCTTGGTGATGTCTGG TTTCAACACGCAGGACAGG
mIL-18 CGACAA AATACCTGTGGCCT TTCTTTGGGTATTGCTTGGG
hACC1 ATGTCTGGCTTGCACCTAGTA CCCCAAAGCGAGTAACAAATTCT
mACClI CTGCCATCCCATGTGCTAAT AGCAGTCGTTCCCCTTCATT
hCOX5b ATGGCTTCAAGGTTACTTCGC CCCTTTGGGGCCAGTACATT
mCOX5b GCTGCATCTGTGAAGAGGACAAC CAGCTTGTAATGGGTTCCACAGT
hMCAD TGGATAACCAACGGAGGAAAAG CTGGGGTATCTGCTTCCACA
mMCAD TAAAGCCCTTTTCCCCTGAA CCCTGTGGAGAAGCTGATGA
hB-Actin ACGGCATCGTCACCAACTG GAGCCACACGCAGCTCATT
mp-Actin AGGTGACAGCATTGCTTCTG GCTGCCTCAACACCTCAAC
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1.2.6 Western blotting

1) HepG2
PBS 1 2)
RIPA
1.5 mL 3) 4 C 15 min
(12 000xg) 4) BCA
95 C 5) SDS-
(SDS-PAGE)
PVDF 6) 5%
I h p-p38 p38
p-ERK1/2 ERK1/2 p-Akt Akt pB-actin
4 C 7) TBST 3 5 min
8)
1h 9) TBST 3 5 min 10)
ECL
1.2.7
SPSS
+ (X +s)

2 BREM

2.1 PA 1 NACOS 4323+ HepG2 HAEE S
AL

MTT PA  25-200 umol/L
HepG2
( 1A4) PA
NACOS (100 pmol/L) HepG2
NACOS PA
( 1B)

2.2 PA K NACOS *f HepG2 ¢ At A5 X 511
TEF R RERFIERRIENE
RT-PCR HepG2 PA

(100 pwmol/L) 3-12 h
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-la (PGClo)
IL-1B Al (ACCI)

-5b (Cox5b) A
(Mcad) (P<0.05
0.01) 6h ( 2A) PA

HepG2 NACOS 15 h
PA
(P<0.01)( 2B)  NACOS
NACOS PA HepG2
A
1001 /™ . 1 I
o
§ 80
< 60t
z
T 40t
=
>
= 20¢
O
0
0 25 50 100 200
PA (umol/L)
B
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S 80 |
£ 60
£ a0l
-
5 20t
@]
0
PA (100 umol/L) - + + +

NACOS (ug/mL)0 0 100 50 100

1 PA K NACOS 433 HepG2 MR8 TE 1 8982 M
(A: PA X} HepG2 #if;E HRIZT; B: NACOS 5
PA £ ALIB 3T HepG2 40 AEIE 11 B9 F2 M)

Fig. 1 Effects of PA and NACOS on the viability of
HepG?2 cells. (A) Effect of PA treatment on the viability
of HepG2 cells. (B) Effect of NACOS plus PA
treatment on the viability of HepG2 cells.
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5 - Il PGCla
| 1P
, | B ACC
1 Cox5b
r [_1Mcad

mRNA level

PA-Oh

PA-3h

PA-6h PA-12h

3.0 _-PGCI(l
| EEEIL-1B

[ ACCT ., **
2.4 - CoxSby ...
I \:IMcag X

1.8

1.2

0'6 I_LH
0.0

Control PA

mRNA level

NACOS NACOS+PA

2 PA K NACOS * HepG2 B K EHAIE D FRREERFEREXKFENEM (A: PA X HepG2 4HARAE
KUHAZES FREER FHERRIZWEM; B: NACOS 3t PA iS5 HepG2 MRS KB AIE 9 F R KRER F
TREWIHEHIER . *P<0.05 S **P <0.01, VS XBBLH; *P<0.05 5"P<0.01, VS PA B4bIELE)

Fig. 2 Effects of PA and NACOS on the expression of lipid metabolism-related regulators and inflammatory
cytokines in HepG2 cells at mRNA level. (A) Effect of PA on the expression of lipid metabolism-related regulators
and inflammatory cytokines in HepG2 cells at mRNA level. (B) Inhibitory effect of NACOS on PA-induced
over-expression of lipid metabolism-related regulators and inflammatory cytokines in HepG2 cells at mRNA level.
*P<0.05 or **P<0.01, compared to the control group; “P<0.05 or *P<0.01, compared to the group treated with PA

alone.

2.3 NACOS % PA iS5 H) MAPKs X

PI3K/Akt i@ 8% #E B9 HI H14E
Western blotting

PA (100 umol/L)

HepG2

(Mitogen activated protein kinases MAPKS)

3- / B (Phosphoinositide
PI3K Protein kinase B Akt)
p38 ERKI1/2 Akt

3-kinase

0-1 h

p-ERK1/2  p-Akt 0.5h (P<0.05
Vs ) p-p38 1 h
(P<0.01 s )( 3A 3B)

NACOS PA MAPKs
PI3K/Akt HepG2
NACOS (50-100 pg/mL) 15 h
PA (100 umol/L) 0.5h NACOS
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A B
p-p38 p-p38
p38 p38
ERK1/2 ERK1/2
p-Akt p-Akt
e Akt
0 min 5min15min0.5h 1h PA (100 pmolL) -+ -+ +
PA treatment time NACOS (pg/mL) ¢ 0 100 50 100
i b 1.6 EEEp-p38  EEEp-Akt
mp-ERK1/2
L * X
*
1.2
) )
> >
2 ]
£ <08
j I
=9 ay
0.4
Omin Smin 15min 05h 1h 0.0
e PA (100 pmol/L) — + - + +
PA treatment time NACOS (ug/mL) 0 0 100 50 100

El 3 PA % NACOS 4ZE3 HepG2 4l MAPKs % PI3K/Akt @R HISIR (A. B: PA AbIEXT HepG2 ZHAE
MAPKs % PI3K/Akt BEH{EM; C. D: NACOS FisLE Xt PA i-5H) MAPKs & PI3K/Akt & B 3 iE A0
1B . *P<0.05 8**P<0.01, vs 3BBLH; *P<0.05, vs PA B 4bIRL)

Fig. 3 Effects of PA and NACOS on the activation of MAPKs and PI3K/Akt pathways in HepG2 cells. (A, B) Effect
of PA on the activation of MAPKs and PI3K/Akt pathways in HepG2 cells; (C, D) Inhibitory effects of NACOS

pre-treatment on the PA-induced activation of MAPKs and PI3K/Akt pathways. *P<0.05 or **P<0.01, compared to
the control group; *P < 0.05, compared to the group treated with PA alone.

2.5 NACOS 2R HENRIEER (HFD)
PR (P<0.01)
NACOS NACOS (1 mg/mL )
C57BL/6 (P<0.05 0.01)
NACOS ( 9 NACOS
(NCD)
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4 NACOS FisbiZ X PA % S FTEHY HepG2 4R AR
wh B 37 72 BB H0 1 4 FR

Fig. 4 Inhibitory effect of NACOS pre-treatment on
PA-induced formation of lipid droplet in HepG2 cells.

2.6 NACOS Bt ZEL/NRATAEH R RS
RiFABEEEADPFRRERFERRIEN
=l

NACOS

( 6) RT-PCR

HFD NCD PGCla
ACCI1 Mcad (P<0.05  0.01)
IL-1B (P<0.05) HFD
Cox5b HFD
NACOS
PGCla Mcad ACCI1
IL-1B Cox5b
NACOS
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Body weight (g)
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T

p—
W
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~
T

Diet (g/day)

[\S}
T

NCD HFD NACOS NACOS+HFD

Drinking water (ml/day)

NCD HFD NACOS NACOS+HFD

El5 NACOS A3 AERIFFE/NRIFER IR ERIF
Mg (A: NACOS A5t ZHEL/ B ARELE A HI(E
F: B: NACOS X FENRRXKBEIFIE; C:
NACOS fRERB FREL/NRIRKBMENE. **P <0.01,
vs NCD 2H; *P<0.05 5" P<0.01, vs HFD 2H)

Fig. 5 Effects of NACOS on body weight, diet and
drinking water of mice with HFD feeding. (A) Effect of
NACOS on the body weight of mice with HFD feeding.
(B) Effect of NACOS on the diet of mice with HFD
feeding. (C) Effect of NACOS on drinking water of
mice with HFD feeding.
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[12-13] [14]

2.7 NACOS X /NERATAE4HZE MAPKs X
PI3K/Akt i & By 22
NACOS

MAPKs

( 7) Western blotting

HFD

PI3K/Akt
NCD
p-p38 p-Akt

2.5

I PGClo mmm ACC1 [ JMcad
| -IL-IE* [ Cox5b

(P<0.05)  p-ERK1/2

( 7A 7B)  HFD :
1.0

mRNA level

MACOS
p-Akt

p-p38 I
NACOS 0.5
(P<0.05) 0.0l

(P<0.01
p-ERK1/2

3 ik

0.05)

NCD

HFD  NACOS NACOS+HFD

6 NACOS 4354 fg i F AL/ R AT BELELR P 18
KBED FRRERFERRIEIZM (*P<0.053K
#%P<0.01, vs NCD #H;: "P<0.05 Z*P<0.01, vs
HFD ¢H)

Fig. 6 Effect of NACOS on the mRNA expression of
lipid metabolism-related regulators and inflammatory
cytokine in liver tissues from HFD-fed mice. *P<0.05

or **P<(.01, compared to the NCD group; “"P<0.05 or
#p<0.01, compared to the HFD group.

=
=

(1]

1.8 - IEE p-p38
| B p-ERK1/2 %
| I p-Akt,

p-p38

p38 1.5

13
p-ERK1/2

ERK1/2 0.9

0.6
p-Akt 3

mRNA level

Akt

NCD  HFD NACOS NACOS+HFD

NCD

HFD NACOSNACOS+HFD

E7 NACOS X AEftistZEL/ B ATAE4E4R MAPKs & PI3K/Akt @AY 2 0E (*P<0.05 5 P<0.01,vs NCD
48 *P<0.05 =" P<0.01, vs HFD £R)

Fig. 7 Effects of NACOS on the activation of MAPKs and PI3K/Akt pathway in liver tissues from HFD-fed mice.
*P<0.05 or **P<0.01, compared to the NCD group; “P<0.05 or **P<0.01, compared to the HFD group.
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p38 MAPK JNK
ERK
PA
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PI3K/AKT
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