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Abstract: To explore the effects of DHA liposomes on lipid metabolism, HepG2 cells were induced by free fatty acids. After the
intervention of DHA liposomes, the contents of TG and TC were detected. The mRNA expression of Fatty acid synthase (FAS) and Sterol
regulatory element binding protein 1 (SREBP-1) were detected by RT-PCR. Then male C57BL/6] mice (6 weeks old) were housed and
randomly devided into control group (C), model group (M), TG-DHA emulsion (O-DHA), TG-DHA liposome (L-DHA). After 12 weeks, the
protein expression levels of FAS, CPT-1 were determined by immunohistochemistry, the enzyme activity of Fatty acid synthase (FAS), malic
enzyme (ME), carnitine palmitoyltransferase 1 (CPT-1), lipoprotein esterase (LPL) were detected using ELISA. The results showed that DHA
liposomes significantly reduced the TC and TG contents (p<0.05) by 62.91% and 48.73% respectively; significantly reduced the mRNA
expression levels of FAS (48.62%) and SREBP-1 (38.53%) (p<0.05). The results of animal experiments showed that DHA liposomes
significantly reduced theepididymal fat content (14.26%) of high-fat diet mice (p<0.05); significantly reduced the protein expression levels of
FAS (74.29%) (p< 0.05) and increased the protein expression levels of CPT-1 (1.70 folds) (p<0.05). DHA liposomes could significantly
inhibited the activities of FAS, ME (p<0.05), reduced by 30.33% and 11.79% respectively; and promoted the activities of CPT-1, LPL (p<0.05),
increased by 10.08% and 15.12% respectively. This study showed that DHA liposomes can improve lipid metabolism disorder induced by
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high-fat diet, and provide theoretical basis for the development and utilization of deep-sea fish oil.
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“FTBRONHIEIR (Docosahexaenoic acid, DHA)
J& T N-3 ZAMBAMNEIIRF R EEZ R, |2 AF
FEAEM, WF, R, WgEARETE A, R
DHA JUANFE . DHA ZEAHHEE. 41 (Ethyl ester,
EE). Hili=Mg (Triglyceride, TG). g5y fhm,
HAl &M DHA 322 2B RAH ik = mg
TG-DHA Toit it NI, AR 26k
AR EAL T EE-DHAR, 1R 2 Skl i kil &
o DHA (iR HAA FENR L, 9 Ae AR 2L,
Fik, PR AEYNEIER . Kembral "% NI 5t £ H
DHA #] DLis i 4 s I i &/ R IR & il (8] &
JIE: 197 PR 8 A 20 i A 5% 22 DR 1) 3 38 1 5 I B ARG
LIUM S AR I DHA AT UATE— @ R2 R FEch K
NER & SEARTREENR T I (Afa s T ava e
JiT, MEVATESCIS SR N ELEEE AR . A SCikiRkE,
ZIUALE B EERIRTE R, HRe RGN 2
Fif) DHA &8, (HAALE R 4 AHELL
FEZHINEARYI I, IXAEAR KRR BRI 1 fa = S i)
FFRFMW, HATHE LS 2 DHA BEE, Fii
BEM— OB H AR, HRAUN 10% A4, %
TSGR R, IR % SCHRER IR, AR A
A DA RS R,  HIH AR, AT AR A
AP, Xiaodan!"™45 A HUHF £ W DHA AR 4 AT
Lhdid B CPT-1 1 mRNA RiAFIEARL; T
FAS ] mRNA FIEME AL RIFR HepG2 4Afi T
=T Mengrul™25 NIBE ST LB, DHA JigJ
AATT DS I A A A AT AL ] 4 M A TR R P R P
N Wi =TT A E N NS 2~ L 31 e s e e
DHA Jlg AR a8, 0 A5 1 IR FOAH X R,
JEHIRAESN SIS A7 DHA B4R A
P RHROE T 2D 2 X ROREEM 1 H iR i
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1 MR5RE

L1 R SR

10/70 TG-DHA &:Afayl, Wil - L#ia e
FARERAT]; 98% KEBENHARTL (98% PC), P
L HRAREA R AR ANFHE HepG2 4HMd, i
HETAYTIEERAT; SPF 2% 6 Al HEM: C57BL/6)
/N, DRSS EN I B B AR AR FafiE s
SPXY2019042001); Hih —=Hg (Triglyceride, TG)-.
JJBEEE (Total Cholesterol, TC) i57&r, A=
YRR AR AR TR E Sl (FAS). YR
gl (ME). PIBAFAEBE 2 NE (CPT-1. RS ENE
fitf (LPL) ELISA 5fl&r, sUR/RART AR AR
FENRER, ZEELEMBEAIRAT: R (0A). 7
TR (PA), [ Sigma AF); TRIZOL X7, £
Invitrogen AF]; RNA 2Lk &, RAREMWEEA
FRAT]; 5X All-In-One RT 24 e 5t — 1Ak &,
abm; EvaGreen Express 2X qPCR MasterMix, abm;
10% AR TRRE (PR TP23522) . 45% sl takt (Al
BHCES TP23220), FEAHSIEIARIRH AR A R H
LR RS Es s TR
12 E5E%

RE-2000A JiEiE 75 KA, FHEARAMAERT
Model680 ZUfEFR{%, 35E BioRAD 7#/i; Agilent7820
RIS HIEIEI, £E Agilent BHE AT 19091N-113
A HP-INNOWAX £ 9 B4 E M, £ Agilent BHEA
Fl; TGL-16G M & E 0L, FlgeE R
IQ5 Realtime PCR ¥, 2£[H Bio-RAD; NIKON/Ni-E
M9 e, FREBEHE R AR AF .

1.3 F&
1.3.1 DHA Jg it % DHA Jg U] 894 &
B LBl 10/70 TG-DHA 4:hfa iR 98% K

S BRARIEAERA T 95% BT IR v, K FLTs B A
T g L E B KGR IR S 2V . SRS TE
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40 'C, 100 r/min 51 T heE 28K WHIKRIRER A Bl
Ao FHEEAE 30 min, HIEBATKLEREE, /51t 200 nm
RIRIRERIE, 15300 A EFLIRIBRRD Y DHA AR A
FLRH

& s 10/70 TG-DHA At H i HRin N4k,
ZIEIMN 0.5%FERRERAE N, SR G AR R
5], MRS 2 min, H RS — A TRIR
LB, BP9 DHA AEZL7R,

1.3.2  JERFBRLE A

RTACEE CHESIED: 23 AIE S mg A/ AR FLAIRE
Al 500 pg - JUBRER HH it = BebndE i B T B AR
i, AEARTRE R RANLAR . maE A
2mLHCl: HEE (15 V) 30, FEANRSOLETE
B, REHIREET 00 CEJEB I 1 he HI
AHE, PN 2 mL ECkE, 78R,
ST I = IR N  F= = T ) D i e ) SR
W

GC 73#fr: AN RS, R ORI
155X (20:1) BT AT 4 Supelcowax A JEBAEHE (30
mx0.25 mm, 0.25 pm). FFHHIE 170 °C, L5 C/min
(P FEFHIRZE 240 C, PR AN 1 mine A IES
KIGE TN 2% (flame ionization detector, FID),
HERE R 260 C, KOl AR N 260 °C, S
30 mL/min, %5 400 mL/min, Z/SJEWE:
25 mL/min*?,

GC HHE M AR B 7 FF S TEAR 14 L DA ek )
EMEHTRE SRR RR A 2y . RATABUE—, ©&E
THEARE S FRITRZH 43 F 43 L
133  mffz AL

ARSI FH S HepG2 40, $%373Ei% &
10% 54~ MLIE ) =ik DMEM B 973, 765 5% CO,,
N 100%01 37 ClHERERTFRFE T IERE TR 2 12
FUBREH 25 B K 70%~80% I, B/ UL : 25
XFHEZH: DMEM BiReREs%, B4 54 1 mmol/L
W ENENIR GHER (OA) KAl (PA) =2:1) RA

Y)H) DMEM $:955:859% 24 h, REHBERIEHE
DMEM }; 97365597 48 h'®); DHA FgsLal4l: &4 1
mmol/L i & R iRV &40 DMEM 15773685557 24 h
Jei, AR 40 ug/mL ) DHA g7 T4 48 h;
DHA I FiA4: &4 1 mmol/L i 25l R VE &)
DMEM K 7RER5 5% 24 h 5, A8 HWREE N 40 pg/mL 1)
DHA Jlg 541751 48 h

134 hir O & EMEA@mis R & ARE L

LR K HAMIE IS, WEELHML . 4% % 5 F R[]
SEVRIE E 20 min, PBS 1% 2 ¥R, XZRKEYE 3 2
S ROIR TS, U R BT T R
1 h: 70%CBHESE 3 U0 EGS RAMEE FALEEmAL
YL te 5 R BH MG .

1.3.5 HepG2 afi. TG. TC A& <

LR AT, SRR, BRI RER I
TG. TC &, BRI il Pl T lE.
1.3.6 Real-Time PCR A& A5 /XidtAR % 2L A 9
mRNA & &

LR HAMEAS RSN . Trizol V4%
HUA AR )5 RNA, B BEEE A RNA e84
ST I A TRROAE A260 nm/A280 nm AR E BT
73 RNA M4, g 1.8~2.0 BT F 5. #%
8 5X All-In-One RT % f 3% 56— R St AT I
3%, B RNA RER cDNA, Bkt &
B 34T #/E . %M EvaGreen Express 2X qPCR
MasterMix {5555 i B BAEVK AL E 20 uL VAR R,
ZAK Z 4% 2xMasterMix 10 pL, PCR Forward.
Reverse Primer %+ 0.6 pL, cDNA & 4 uL, JTCH/K
48mL. %E 3 ML, (1 1Q5 A% E & PCR X
HEHATIE, F %4 95 °C, 10min; 95 °C, 15s,
60 ‘C, 20s, 95°C, 15s (45 ME¥R); 65 CHEZE
95°C (0.5°C/10s), WZH:KN GAPDH, mRNA #H
S RIRE 20T R, 1k Bl AT
FBEAWRARSS: 5IFFINE 1.

=1 314F5

Table 1 Primer sequence

REH Forward (5°-3°) Reverse (5°-3%)
Fas GACATCGTCCATTCGTTTGTG CGGATCACCTTCTTGAGCTCC
CPT-1 ACGCCATCCATGCCATCCTG ACTGAGCGGAGCAGAGTGGA
SREBP-1c  CGACATCGAAGACATGCTTCAG GGAAGGCTTCAAGAGAGGAGC
PPAR-a ACACGGAAAGCCCACTCTGC TGCCGGGGACCACAGGATAA
GAPDH GCGGGGCTCTCCAGAACATC TCCACCACTGACACGTTGGC

13.7 RS aa
30 W SPF Zaffiifett: C57BL/6T /NRE 7 — A )5,

FARE BN NPUZHE, X (C) 4, R (M) 4,
DHA JIE#77 (O-DHA) 41, DHA JlEfifk (L-DHA)
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H, B C AHMEFE 10%E ATk HABHIIEIE 45% 5
RevRl. 4 FJEIFUAH#EE , O-DHA 41 DHA HEFL
71, L-DHA 413# 5 DHA fgiifk, C 481 M dHIHE S
AEFRERAKAEXTIR, VB FIE 1000 mg/(kgbw). THFEIR
Beonmass, RER N, =i 2322 C, BE
55%~58%, 12 h/12 h JEIE(EH, 1RF% BRI A 2h 43
H B FIYOK. 12 G, IREREL B SHE AR FE /)N
o BUNRATIE. FEMiS A 8RR E I T-80 CUKAH{R
1o

1.3.8 I RAEKIEARN T

1R (kg)

Hw(m)

139 SELAANEEEGEET

i Qw6 =71/ rEA T RN ) S O e = Bl O i
RAFE A T R A T A, BB
P AT AW 4 um B9V o S B
ZK, BTBREITrERREE N (pH 6.0) 1
BEEER TR TP E . iEE A, A
—¥, 91, DAB Wfh, EYAMM, BHEETIRE K,
THIZREW, HA, BTUOLRME TR,

HR [ ZRIK & 1100 % {1 F Image-Pro Plus 6.0 {1k
R PG B X3, THRTH % 5 TH %5 [E=10D/4¥
M IXIHH LA AR (PP,

1.3.10 AFAEAARG4AE £ B % /w2

BUEZH/N BRI I TR Rk b, )k, B
. RSN 5N SR T B R (FAS)
R (MB). JEEEEENG (LPL). IR
el (CPT-1) SEHFNE MR AR OGS 71, BRI
BRI U A A TR

L4 Gita it

FTE S 3 L E, 45 5RLL x+SD %oR;
FTA S BdE I SPSS 25.0 Bkt T4t b, 41
() 2 SR F B R 57 22 734 (One-Way ANOVA), LA
p<0.05 FonZE A Gt 5 o

2 GRS

BMI =

2.1 DHA fig it thF2 DHA fiz L7 v B i 450+

il

i 2 7 LLE Y, 5 DHA JEZL#AHEL, DHA fig
A C16:0. C17:0. C18:0. C18:1. C182n-6 %5
WEWZ (p<0.05). 1M C20 4n-6, EPA, C23:0, C24:0,
DHA %58 (p<0.05). (HFIFh S A i

14

IR 5 AR TR R E I Z R (p>0.05). <
FH A ] TG-DHA RFL7H (1) DHA & & =i
76.87%, 1l TG-DHA JlgJii#4<rh () DHA &4 73.74%,
DR ZEE 15 AR TR P A X P ) DHA 5 24
TS/ BRIFE B 7=, fRIIF O-DHA 415 L-DHA 4
/NERFEN DHA &%,
% 2 P2 DHA BERRER4B A
Table 2 Determination of fatty acid components in two forms of

DHA
414  DHA J83L#/% DHA BR/RH%
Ciao 0.21+0.01 0.21+0.01
Ciso 0.60:£0.02 1.2640.07™
Cig1 0.49::0.01 0.48+0.00
Ciro 0.14+0.01 0.21:£0.02"
Ciso 0.22+0.04 0.39+0.03"
Cig1 0.73+£0.01 1.1240.04™

Cisonsg 0.090.00 3.16+0.41™

Copans 0.50+0.02 0.27+0.09"
EPA 8.39+0.09 7.94+0.05™
Cot 0.87+0.04 0.82+0.01
Cha 0.27+0.10 0.37+0.09
% 1.61+0.01 1.56£0.01"
Coso 9.00:£0.04 8.48+0.21"
DHA 76.87+0.06 73.74+0.25"
SFA 11.79+0.04 12.11+0.15
USFA 88.21+0.04 87.89+0.15

MUFA 2.09+0.05 2.42+0.04™

PUFA 86.13+0.08 85.47+0.17"

7E: SFA: 4ef=fgrER; USFA: Ref=fshiER; MUFA:
¥ T haA s 5B, PUFA: % RMofaflg i, *p<0.05; **p<0.01.

2.2 DHA Jig it thx{ ik % fis i 8% 3 #9 HepG2

28} Hg LR B 5

BOHTF TR, NAFLD fRAERUE @t T4
MR R B R AR S PSPl R F i R
5260, Horp g 5t AR /2 NAFLD B G Ra i R2 7,
Lu™ A 95269, DHA-PC 7] 33 BRI 2 I8 7
PR[5S HepG2 40 TG. TC & EMITIE, FIK
HepG2 ZHMufiEmUiAY . HE 1lab AT, 5253 (O
HAHEL, A (MDD AR IR B A4ER N TC (34
475 %), TG (%) 16.41 £5) &&= EEFEHIN (p<0.05).
AL O Yt W T A g SR TR I & B 72 —,
HE 1c rI L, 5 C AAEE, M HY0H P 2R 5K
HLREWZ ., 5 M HHE, L-DHA 40P A
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A TC. TG FEIREFIL (p<0.05), 4 7IFFIK
T 6291%#1 48.73%. H'5 O-DHA #i#ftk, L-DHA
BEBRK TN TC &8 (BIKL 49.56%)

(p<0.05). fHEL T DHA JIFL5%, DHA A cics: 41
i R ORR O B n 2

a 150
a
1 -
g 100 o
& -
2 ] o
S0t T
b = - -
% - - -
= - -
0 ju = -
C M O-DHA  LDHA
b I5f
S
e
£
£
=
1]
=z
i

0 pak Ci AB0 2
& 1 DHA AEBR{A%T HepG2 LAREAR BUTTARAISZNG
Fig.1 DHA liposomes on lipid deposition in HepG2 cells

E: a: JEEEE; b: WA o WO RE; TRF
FREANE LA R EHE R (p<0.05).

2.3 DHA Jig it thx{ ik & fis B B2 % 3 9 HepG2

241 L Pl XA R 2 L oy

FAS /2 40 f P4 16 46 I8 7 B2 & A 1 oK B ilg
SREBP-1 /25 Qi 2 B AR 3 58 (K T Kembral™
& NI n-3 PUFA 7]id@id F#K FAS, PPAR-a 55/l
R A A S mRNA  FIA et 2 f R 75 S (1)

HepG2 4HMINEARIRZREL . #2H A - IR AR GBI (]
(1) mRNA FRK PR RER, 5 C A, M
HIMAE FAS (3802 7.32 £%), SREBP-1 (J§n2 13.22
%) ) mRNA F3E5/KF BETHE (p<0.05) (W, 2a/b).
5 M 4, L-DHA %4 FAS (48.62%), SREBP-1
(38.53%) I mRNA X} % ik & ¥ & 2 F AKX
(p<0.05)., H5 O-DHA #llLt#:, L-DHA 41 FAS
(39.76%), SREBP-1 (33.77%) ] mRNA Fik/KF
W R FEFFT (p<0.05). KHIHLLT DHA EHL5,
DHA g A 25 R R 15 5 11 HepG2 4 AR AR5t
HAELII SR 22

a 107 a
)
)
®
'
z
:
%)
=
b
%
7 a
® 15+
'
z
% 10+ b
--
- --
[ e | - -
m 5k --
: | EiS
___: = --
O £ - -
C O-DHA L-DHA

(& 2 DHA BE/SR{AT HepG2 LAREAS I HIHE X EE RS20
Fig.2 DHA liposomes on lipid metabolism related genes in
HepG2 cells

E: af RSB bEBIATAMESEE |, TR
FERELAN LA REMEF (p<0.05).

24 DHA JgJr @ iR/ B B o %

e

ARSI E ] DHA i B e s & M g
7SI HepG2 A i S TR VR FH BN .35 « KT
R &2 SEWUARREERA K TREETNFE, 2811
e S DRI R AEER N, & SRR
AL B IR B SIS iR T DHA iR
ASHIRAE AT VE R . SEH/NR 1~12 AR
Kl 3a iR, TE45 72~84d, MAV/NBIAERZE ST C
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{41 L-DHA 4. BMI fENS R ET S, did Ak
BT EN AR SRR T LR T (R —MERRE Y.t
3b fizn, 5 C4ALL, M /MR BMI (B2 18.22%)
BEFE (p<0.05), I DHA E7L7A1 DHA f&m 4
RN, BERC T mARRE SRS /N R BMI
FHE (p<0.05), 43HIFEEL) 11.10%81 10.40%. MK
3a TFEHAASEAG /N AR E AR LR E, MHLLT DHA fiR
FLi5, DHA Jig A PR i IR R &/ BRAR T = R F B
TINBH
a 33
30

27

1R /g

24

211

180 8 16 24 32 40 48 56 64 72 80

Time / day

o
w

BMI / (kg/m?)
W

INERENREREREEED

| ‘
0 C M O-DHA L-DHA

[E] 3 DHA BERYiART S AR R /NI TR BRI/
Fig.3 DHA liposomes on body weight of high fat diet mice
(n=10)
JE: ar ARE; b BMI; AR FERELNE LA R HHEE
7 (p<0.05).

2.5 DHA &Rt @ Ra iR /N B A IE g

24

KSR B2 RBURRE RS, ERAEY
n, BERTHERAPA, i 4 AT, SRR M
A B S Mg I 2 34.43%, ' A g 716 24 68.50%
ANRETARERDT S EEE S TIERA (p<0.05. 5
M 2L, DHA JgFL7F1 DHA gl AR N 5B
&7 m R B/ N R AEREDT & &, o+ DHA JRF &
BERMK T s IR E/ANRMEEN S E 14.26%

(p<0.05).

16

O-DHAA L-DHA%H

a Cc#H M#

(on

40t a
I ab

B 52 H 107 / %

30 b

b Y
251 ®
240 1 1 1 1

C M O-DHA _ LDHA

c 201 .
a

1.5} ab

B AT / %
=

>
S

05F

O O 1 1 1 1
’ C M O-DHA L-DHA

[E] 4 DHA BERUART S AE IR &/ R A A RS A HEAR RO 2
Fig.4 DHA liposomes on visceral fat accumulation in mice fed
with high-fat diet

E:oar A4 RARERMBEESB; b WERRFIRA
c: B RARE 40 R FEAR A AN A BE M £ F(p<0.05).

2.6 DHA J& it AR s/ BUIE (ROATAR <

B HW R

FTHAFRAT TR 1 % 2H 5256 /)~ B Jo AR AH oG 25k
[MZRI5, /I DHA g it f4F1 DHA HEFLAII AT LT
W& /NR FAS ) mRNA #ik, LB CPT-1 1
mRNA KiK. FUFRAT SR 13X P9 Fh g 1) 2 1 3R
k.

G P LA e il i R A I B Rk &=
Wik sa/b s, 5 C AL, M 41/ FAS KR
Fak, HINT 4 87.57%. i DHA REF&F1 DHA fig
FLAI AN W I T FAS ME A REE

(p<0.05), 4TRHIBFIKT 74.29%F1 47.10%. HE Salc
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", 5 C 4MEL, CPT-1 £ M d/hNRAR N B ik

FIEEANEERIN T CPT-1 (4% 1.7 %) EAFE

w2 3539%) (p>0.05), 1 DHA JIgFfA (p<0.05).
a CA M4 O-DHAZ% L-DHA#
! : J58 ~ VA ,' 3
’ i, ] 54 31 £
FAS | * Eb ‘ ALY R
¥ AT -
50 um 50 um 50 um 50 um
A L
CPT-1 Rk JOTT . ‘%:Q' \F 5
."56'um R ‘;'5'0 um l 50 um At $50'pm
. e g ¥ p!
8r 6
b C
a
W6t * a
X @ 4t
i =
f‘é“ m ab
= 4F E b -
e O I
) 1 oo2r b =
£ 2t L @ | | ==
- -
- -
- -,
0 1 e’ 0 1 -
C DH C M O-DHA  L-DHA

% 5 DHA fERikxt =

ik

R/ RAERISEXERRIFN

Fig.5 DHA liposomes on lipid metabolism related proteins in mice fed with high-fat diet (n=10)
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