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WE: VAREEEZNE RSN D FREARERRALAFH P, STHUND &4
JL A AR, 8 AR AR BR 44 (0.25 mmol/L, 24 h) ¥ AT R 40 e AR UL IRAR AL, B #E & (25
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RAH#ATHRN. FREFx, GXRAML, BRAEFEE 17601 4N2RETF, £+ %%
H147 M= R RANRBWER, 123 MREFAF. 24 MR Bt EE R AL FH 2728
NeRBET, AP h e 346 HZRRENRH TN, BINME. 2004 MK §55iE
AARLL, HR+EERAEFEE 1605 NMZRE T, P L w259 =R RANRE>
M, A5 ANFHE 204 NERK. H—F AR EMEHBRARABEARLN, Z2RRE~H =
%-y- MR8 (DGLA) fo — & -a- R B (ETA) 2 EASRATRE LA, MAMT ELEEE
SELETH;, GxBL, SE+EE£ 40 DGLA METAG EHLEE £ R, @ik
M DGLA #n ETA 4 f# A8 X gty 2L H (atgl. hsl) K= BRI, G BAML, B4 -
HEEERR, AT EEZEHLFGE; U6 KA X BEERE (acc. elovib, elovila.
scdb. fas Fo fads2) By R £ B A, S BAMLL, BARAEEA ace. elovl6 Fu scdb ¥ %
K EREAT, fads2 RAETEBRK, MAMTHELEZEHRN fads2 WRHLEL EHE,
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Yirb, 2EEAE AR A IR RGN T B
BRI R U5 S 1Y AR D AR AL At 2R AR5,
3 3k ST i MR I R A S 0% A R I T R AR
U AL, SROFSE IR ACB AR I PLE ™
JEL SCEE AT TR 175 5 12 ST 1 141 3k i K A 5 1 JF
LR D DR AL
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g — R A ek, AP BrEdk .
Proe . AR FIRERR A RS BT LA SO g
TR S | 9 ST R 1 WFgE B, s R
I VI 5 R 7 IR 3 AR A D R DR R 4 B I R B
LD, DT AT 22 A g 7 T R 06 E o 76 s i H R
AN I B 3% 2R T AR g I DR R 8 35 AL )
B, AL EFIIIR LI, EIERE N —FTEE
PEARDERAS IR AT LA S 2 3 ] S AL DA i AR L BRI
YRR T I ELIGER S H ORI MR AR i SaE 1

e A ST 3 AL b, ARSI LIEE D
(Danio rerio) FFWEAR B MRS B I ST XT 52, i FH
PRI AN R S NE B AL S 0, 3 ok i AR AR i A 2
S3 BT E % RO i BRS04 B L A T A0 AR R AR
FEAE BRI

1 MRS T

11 LRSS

DMEM-F12 % 7% 3£ . DMEM }; 3% % | L-15
Rigedk | AR IS (Gibeo); HHER R . W L4t
KT, 5% . DPBS Ml 0.25% [ & (i [
FERCHRBHEA R A A & RNA 4800 &%
H OMEGA Al ; St skl &, 2t a it PCR
ik &M H TaKaRa 2\ A .

A YRS L (5804 R, Eppendorf, fE[H);
S 9% E fE PCR Y (StepOnePlusTM, 35 [ )i/ FH
VRGN, ZIieRtn{ (SYNERGY 2, 3£
[¥ BioTek /A H]) &5,

1.2 FRAEERSN (SP) iFSBS & AT A 4HREAE BUMAR

BE T 1 IE 40 /i) CRL-2 643 W [ 36 [ AR 20 5%
FEWYIIEE .0 (American Tissue Culture Collection,
ATCO). M 5% G4 M . 1% HHEH K. 50
ng/mL f_E R AR I 1% RS R IR A R 73k
(50% L-15. 30% DMEM/F12 % 20% DMEM) F 28
°C, 5% CO, %M T 1 & 70%~80% fl &5 5, H
&SP/ 0.10, 0.20, 0.25. 0.50 #10.75 mmol/L
PGSR EE IR 24 ho R IHALE O YL ta g Mg
UM oL, I A0 TS P L AR Y Y H
= (TG) &t
1.3 JWEZRLE

R A5 A R R 0175 S E 5 o I U 490 g I e
TR ER 43235 5 8 57 1 g o U RS A, Y A I IR
SPAbHE 24 h 5, BHGAFEWE 0. 2.5, 5.0,
10.0, 25.0 1 50.0 umol/L) ) # 1% R TAE MK (0.1%
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DMSO) AbFE 6 h J5, I %2 40 i 36 P A4 i iy TG
K. JIALERANAE, XML IE T ANAEIMAT O Yefh,

14 RS FRAIHIEF DR

TIGFRRE S IR, 430X B2 (con-
trol) . AR HH IR &175 5 0 IR BT T AL U 40 (SP). 4%
A PR 4+ % K AL FH4H (SP+BBR), #34% R AL HIHE
JEE AR < o 3 2R A B A 2 R . ELRERAE
IEH SRR AN, FRAnif 70% A JE, 4457
S e Al AR, X IR Oh IE H A AR,
SP ZH il SP+BBR 4 24 B 46t 2y 0.25 mmol/L i F5 4
FREN TAER . AREEE TR0 24 h s, W Hedi i T
YEW, T REZH A SP 4 0 IE W 4 i T/E W, SP+
BBR ZH B4t 25.0 umol/L (8% % TAEW . 4bFE
40l 6 h 5 EANNE ., S BEE 6 I~EE (n=6) />
SRR T B 4L 2 43 AT R 20 A B AR Ol PR
TP RE o

AR & B A AR IS HCR
100 mm x2.1 mm, 1.7 um PEATH0ES . (it N
55°C, Wi M 0.4 mL/min, HH A FishtH R 2 NG
(CAN) : H,0=60 : 40 (& FL ), 0.1% H R (FA)
F1 10 mmol/L R, B W shtH N 5 NEL (IPA) :
CAN=90 : 10 ({& #1 kb ), 0.1%FA fl 10 mmol/L
FHR 2 o XA R DA B B AT R . 0~
2min, 40%~43% izt B; 2.0~2.1 min, 43%~50%
3 A B; 2.1~7.0 min, 50%~54% i 37 41 B;
7.0~7.1 min, 54%~70% i &) #1 B; 7.1~13 min,
70%~99%3 2 A1 B; 13.0~13.1 min, 39%~40% ¥
A B; 13.1~15.0 min, 40% WsAH B, & AEA

{9 RERBLY S L.
JREAS MM LR RN T

I FH & 43 P 53 K 1% Xevo G2-XS QTOF (Waters,
o) AT IE . B PR URAE . IE B TR
T, BN AL R 50 3 kV R 40 V;
BRI, B AR SCHE LR S R
2kV f140 V., R MSE #Xi#E47 centroid 4 R
£, —PHEHEFIE ST 100~2 000 Da, i
B AR 50~2 000 Da, RN 0.2's, XTRF
AR T8 19~45 eV WRERIEI TR, R
BB ER, BREE R 02 s, fEEHEREL
Fih, & 3 s X LE {55750 i aE . [AlR,
EEBR 10 DEEARVEAT 1 IR A G B FEAR 1R 4
TS ERE A SR A i R RS i A e

1.5 BERHEXERE mRNA RiEE4 N
2 B8 Total-RNA i 7] & (Omega) it I 45 $2 Bt
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0P Y S RNA, 18 TaKaRa [ 5% SR 7] &
BB EAT RO %, SR HISERT 98 %2 i PCR (qPCR)
F AR I 240 g v AR A AH OC KL A (argl. hsl. fas.
acc. elov6. elovia. fads2 Fl scdb) WFK ik, L
95 T % 514 i Primer premier 5.0 X 3F, RF
SRS FIIER 1, Y (1)

R H RN E A FEVK BB ROV, TR
A, KECEIFIRAI, MREESRNE TR, &
18 uL, MARES: cDNA J5 #4350, AT 1
o AR 44 95°C30s; 95°C5s, 60°C
34's, 40 MEI I 95°C 15s; 60 °C 60s, 95 °C
1550 SR 272 2O HRRE S RRIBE R A A X ek

*1 BHERSIMFY

Tab.1 Nucleotide sequences of primers of target genes

Hr R BT LUEBIPI5-3Y) TUESI(5-3")

target genes accession no. forward primers reverse primers
atgl XM_003201386 GCGTGACGGATGGAGAAA AGGCCACAGTAAACAGGAATAT
hsl XM_003200544 CGGCAAGGACAGGACAGT GCATGGAGAAAGAGGAGCT
fas NM._009306806.1 GGAGCAGGCTGCCTCTGTGC TTGCGGCCTGTCCCACTCCT
acc NM_001271308.1 GCGTGGCCGAACAATGGCAG GCAGGTCCAGCTTCCCTGCG
elovl6 GenelD:317738 CAATGAAGATGAGGCGAT CACTGTGATGTGATGATACCA
elovl] NC_007119.7 AAGAGCAGTCAGGTGTCGTT CGTGTGTATGCGTGGTAGTA
Sfads2 NM 1316452 CAGCATCACGCTAAACCCAAC AGGGGAGGACCAATGAAGAAG
scdb NM_001020705.1 AGTTTTCTGAGACGGATGC GATGTTGTGGTCGTAGGGT
p-actin AY222742 TCTGGTGATGGTGTGACCCA GGTGAAGCTGTAGCCACGCT

1.6 BEFRITSHH 150

Rt F 4% RHZAHE PLS-DA
BEAIFT 2 A R VIP A, 254 BAAS AN BT 24
AL (Fold-Change) Fil g-value {ERITiEZE T EIAM)
Ry THiE4t: O VIP=1; @ Fold-Change=
1.2 8% <0.8333; @ g-value<0.05, —=FHHLIE,
EE B SR IP = - S S AW BT ST S
KEGG $¥i % .

BEARAR & 2B mRNA &iA& R SPSS
22.0 #1475 Jr 22 50 B (One-Way ANOVA),
MBI A LA H 7 2257 KB, R Duncan
g M2 AFFRET, R Mann-Whitney U K
5. BUHELISEYIE + ARifETR (mean £SE) F/k, P<
0.05 i 2= 57 i 2

2 4

2.1 FREEERINIS SIS & AT B4 AR AR B AR

miaEr  SXTIRAAHL, BEE RN
WERERIIN, ANMOIE PR R R, REAESY . Y
FERR RGN ME BE 4 0.25 mmol/L B, 2 ATk B 5%
ik (P<0.05), 290 50%; 445w 4k & 0.50
mmol/L B¢ 0.75 mmol/L B}, 40 ML 3% 1% T 50%
(K 1)o

Hih=daE 4NN O Y sE R R,
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Fig. 1 Effects of different concentrations of sodium
palmitate on D. rerio liver cell viability

Different letters showed significant differences (P<0.05); the same below

S5xF A EL , 4R R R Ah v S 0.10 mmol/L
BF, B A 240 M P JC B S i B T B 2
B A R 4Rk B K 45 F 0.20 mmol/L B, B fa
JHF U 2400 B P BN () B2 B 14 B o ok e A 41
(FIML 1) A0 TG S EMlELSs R BR, Ykt
R ANV FE N 0.25 mmol/L i, 4N TG & fH 4%
HEZH 25 T8 (P<0.05).  Fifi 5 s el T Ve 3 40k 252 34
fn, LN TG & IRk 2L (5 2).
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50 um 50 um 50 pm

25 pm

25 pm 25 pm 25 pm

b

ElhR 1 FREHREAREER NS & BT A 28 A b B B R AR R 20
lalb. 2a2b. 3a3b. 4adb. Sasb. Ga6b HIFFAIEREAIRIE S 34 0. 0.101 0.20v 0.25. 0.50 1 0.75 mmol/L; £L 87 Sk At 5 4 JFF JUE 41 .,
FOHT B AL O B tu g a 1 b 4 IR R A RS E, FIE
Plate | Effects of different concentrations of sodium palmitate on D. rerio liver cell lipid accumulation

The sodium palmitate concentrations of 1a 1b, 2a 2b, 3a 3b, 4a 4b, 5a 5b, and 6a 6b are 0, 0.10, 0.20, 0.25, 0.50 and 0.75 mmol/L; the red arrows are D.
rerio liver cells, and the yellow arrows are lipid droplets stained with oil red O; a and b represent different magnification, respectively, the same below

08 L A S T T (P<0.05)(E] 3),

T Wi Z84F AL O J s R
A, BRI LE, TS AR L AR MBI ZT O
VR WY, SRS LG, 7R i R AL

o
o
T

1ig & f/(mmol/g pro)
G
S
~

- g AT (R, AR, @t TG W sE ik
T2 3 o T S A0 LN TG A . 5 X IR I
N ﬂj{}‘ B LU A+ R AL A TG 5 e L 25 1

0 il (P<0.05), THHE AN TG & & 5 AL (P<

0.10 020 025 050 0.75

F R BN 2/ (mmol/L) 150
SP

B2 TRIREAREERIAX D & BT A 4R
TG & ERIF

100 + — =

Fig. 2 Effects of different concentrations of sodium

: cd c b d
palmitate on D. rerio liver
intracellular TG content
0 L L L L L L
3 4 5 6

MR IEE %
cell viability
D
(e

LR UM 1k S A0 M N I T ORI L, 0.25 L
£ = 4
n;mol\/L s?}i%,ﬂﬂﬂ’@ 24 h AT ST AR E Y I AEE 40 3 IR AR T 6 BT A
Haﬂﬁﬂgmil:l*%ﬂo QEH@/E I‘EE’JEﬁ r]

2.2 BEZAENMMEEEMMER=6E82N L4, 2. DMSO4, 3.SP#4, 4. SP+10 umol/L BBR 4,

i N 5. SP+25 umol/L BBR 41, 6. SP+50 umol/L BBR 41
mieE e FRETRAR TR (B ) R
3 N 4
iy AL AN 24 hJS L Sr SRS I 10, 25 A cell induced by sodium palmitate
50 “mOI/L E‘Jﬁﬁé%@ﬁﬂ‘fﬂéﬂ]ﬂ@ 6h, ,n%ﬁﬂ'\‘ ’ 1. control group, 2. DMSO group, 3. SP group, 4. SP+10 pmol/L BBR
Ej %HE@H *H [id s ﬁﬂﬂiﬁ%ﬁfﬁ%ﬁ (25 meI/ L)Xj‘ éEH group, 5. SP+25 umol/L BBR group, 6. SP+50 pmol/L BBR group
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Fig. 3 Effects of berberine on viability of D. rerio liver
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25 pm 25 pm 25 pm

2b

[l iz 1T

25 pm

25 pum
|

5b

TEIRERERN SIS & AT A4 B AR AR 0

1. % HE40, 2.DMSO 41, 3.SP 4L, 4.SP+10 umol/L BBR 41, 5.SP+25 ymol/L BBR 41, 6. SP+50 umol/L BBR £

Plate I

Effects of berberine on TG content of CRL-2643 induced by sodium palmitate

1. control group, 2. DMSO group, 3. SP group, 4. SP+10 pmol/L BBR group, 5. SP+25 pumol/L BBR group, 6. the SP+50 pmol/L BBR group

0.05). Srflgdifitt, SR+ ERAMMAN TG
i B R (P<0.05)(K 4).

0.20
a
—~_ a
% iE s i b
N 0.15 b
g ¢
C
gg 0.10 +
om
B
1]
= 005}
o
0

1 2 3 4 5 6
4 TRIKREARZERNSMEDD & AR
F TG & ERIFE
Fig. 4 Berberine effects on TG content of CRL-2643
induced by sodium palmitate

2.3 YRR RIAZE S

JERAFEEERS TENH i 25
umol/L BBR A MR HEFREN A F A 6 h f5, 2
TSUAN L 2677 20 R B AR 2 2 o b, BRI 6
NEE (n=6). SHFEIE . TR N TREE,
BENE ., AR BB TR LA is
FH I B R 7R 2 TR B 1) 22 5, 20l or A3k 2
HZEWERET, ZOTTNERLREELERE
o REIR, MHASEAEA (B 5-a, b). XF

HE 7K P25 22 3275 sponsored by China Society of Fisheries
P Yy

MBAEEIE+EERA (K 5<, d). REASS
NR+H R (B 5-e, ) ZEBMIFAEZEFE T,

PLS-DA #| 5| 5 #7142 R 13 0 B T fe /N —
T A Tl S W 1) 2 45 AL 1) () 0 i I 0 o A 2 2546
T 1) e TR X 45 AL A AR S 2 3] ) 55 W i
R RERE ST, MOl Bhbs B AR i i 1k Gl LA
VIP>1.0 fE R i ik prif ). 7EIE B PRI, 4541
Z Bl 53 DI T (K] 6-a); TEAB PR, BT
FERERENITERT, e dl S S s+ EE R A A TR
XIRE A (& 6-b),

MR F ERBTiRE  ElR4SxIRA
A P ZH L0 BE 1 761 22 % B F (ESI+: 1058
A5 ESI-: 703 4y Hi %5E i 147 Fp 22 J 3Rk 11
U=, 123 DTHE . 24 DG, ElsHEER
HEGX AR LA E DN 2 728 2R B T
(ESI+: 1922 4~; ESI-: 806 ~) Hih % % i 346
Fh 25 Sk iR, 139 D THE . 207 AR,
IR+ A BR LA EE AL R 1 605 422
BT (BSI+: 15724 ESI-: 334) Hih s sE
259 Fh 2 B RIR AR =Y, 45 A FRIATHE .
204 FRIKFEAL GR 2).

N T BV AN ] £ ) 22 S B T AR Ak
P RIS B T AT RARIIE L 7R IR TR
KT, SXEAMLL, SiEH+PH 630 255
T L, 28 2REF TR, SiF+iERHH
861 NERET L, 1061 MEREF R,
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—log10 (t.test_p.value BH correct)
—logl0 (t.test_p.value BH correct)
[\

-5.0 25 0 2.5 5.0
log2 (FoldW-Change)

(b)

4 i L] L]
::oj 7&)—;\ ° (1] L]
= =
1) 5]
5] S 3|
= T
an] as]
Ol (Dl L]
= =
s S o2t
o 5 .
8 8
: S
&0 &
2 2
[ [ °

0 L

8
log2 (Fold-Change) log2 (Fold-Change)
(© (d)

75 “.

—logl0 (t.test p.value BH correct)
—log10 (t.test_p.value BH correct)
[\

log2 (Fold-Change) log2 (Fold-Change)
(e) ()
5 EBEFMAasEFEATALE
(@)(c)e) NIEE TR, (b)(d)() N E FHi; Fold-Chang<<0.833 3 B{=1.2 H. p-value<<0.05 ] SibRiE N0, HARE AE O
Fig.5 Volcano plot in positive ion and negative ion scan modes
(a) (c) (e) are positive ion mode, (b) (d) (f) are negative ion mode; the points with Fold-Change<0.833 3 or =1.2 and p-value<<0.05 are labeled as red,

and the rest are purple
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100
50

50

PC2 (20.02%)
o
PC2 (17.45%)

|
5
(==}

_50 L

—100

. . . -100 | . . . . .
-50 0 50 -100 =50 0 50 100
PC1 (35.89%) PC1 (36.40%)
(@) (b)
6 EBEFMABFHERT PLS-DA HIHoiHiERES S E
(@) EE TR, (b) s TR MARRES — LMo PCl, PABIFARES LM PC2; B A SRE—ARER, 3SR SIE
HOREE 4y IRFE T 3 4LEEATE PCL A1 PC2 b L 4r e s, iR i4], St/ SP 41, ¥ {03 SP+BBR 41

Fig. 6 PCA-DA scores scatter plot in positive ion and negative ion scan modes

(a) positive ion mode, (b) negative ion mode; the first principal component PC1 was regarded as abscissa, ordinate represents the second principal com-
ponent PC2; each point in the figure represents a sample, and the dispersion degree of the three color symbols respectively represents the distribution
trend of the three groups of samples on the PC1 and PC2 axes, red represents the control group, green represents the SP group, and blue represents the SP

+ BBR group

®2 ERBETFER

Tab.2 Screening of different ions

5N paiil ERET iR N1

modes groups differential ions up down
Pos (ESI+) SP/Cont( 7= i/ % H&) 1058 630 428
Neg(ESI-) SP-Cont( 7 /% f#) 703 504 199
Pos (ESI+) SP+BBR/Cont( 7 IE+3 3% 2/ ) 1922 861 1061
Neg(ESI-) SP+BBR/Cont( 5 lg+3 3% F /4T ) 806 487 319
Pos (ESI+) SP+BBR/SP(f=i i+ HE F /= IR) 1572 454 1118
Neg(ESI-) SP+BBR/SP(=i I+ H &K/ Fi i) 33 28 5

e EREBGUEIERA, R IER T BRI (Pos, ESIHFIHE T EFERE R (Neg, ESI-)

Notes: Mode includes two ways of sampling mode, positive mode (Pos, ESI+) and negative mode (Neg, ESI-)

Hrlgdiatt, mig+iiE XA P A 454 025
T, 1118 AERET M. fFEREFRAT,
HXFRAM, mIgH A 504 N ERET R,
199 P25+ T, SiFrEERATA 4871
ZRET LM, 3192587 FM. S5Rigd
I, S+ EERA T A 28 M ERE T L,
SAZEFETTME, (K7)
E S E A0 AR T A RS R BE AT
AR % 23 B AT S B i o 22 S R A AR
) FBAEAIRRAES  aR it . e 2
SFRBCW Y 5 KEGG B0 ot 47 He X, 0
e IR MR A . WAk ER AR . AR A DR
WA 16 25 CighmE % (3 3).

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

ARG, EE A5 G AR R AR I R A 183
1 i Y 25 S KA, B T -y RR
% (DGLA) Fl — & -a- W KR (ETA)(E 1, K 2), 1R
WA R R, SXTIRAAM L, &84 i ik
) DGLA Fl ETA % it it % L J} (P<0.05). S5&ilg
A, SR+ Z 41 DGLA Il ETA & &
F TR (P<0.05), SXFRRAIAHLL, MR+ R4l
) DGLA 1 ETA % i J3fJo i 25 5% (P>0.05) .
2m e fig AR A8 % AR B 49 mRNA £ & K-F
SN HRAIA L, 1 i 4 A0 P G T it A D
B atgl. hsl 3635 81 10 35 FEAK (P<0.05), &
TR EH B E TS (P<0.05)(F 8),
X RAA L, AR N elovie Fl scdb
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@
E7 EBFMABTFEATHERBTFRESINE

(@) FIEEFHIN, (b) AHE PR, HERE Condl, SEARSPA, ZEMARE SP+BBRA; FP MG —TRE-ANERET, F—
FIRE—AREAR, ARBOFRRAFERKETRE, SO n, FommE MR

Fig. 7 The heat maps of differential ions tendency in positive ion and negative ion mode

|_7II'“1

hLZJ___¢‘

(b)

(a) is positive ion mode, (b) is negative ion mode; blue represents the Con group, green represents the SP group, and red represents the SP+BBR group;

each line represented a differential ion and each cross represented a liver sample; different colors represented different abundance intensity, intensity

showed a gradual increase from green color to red color

(125 A 35 THE (P<0.05), fads2 Fik i i 35 [
fI& (P<0.05), fas. acc Fl eloviTa () 32580 B &
Ak (P>0.05), SrigditiLl, mR+iEE R4
AN fads2. fas. elovi6. scdb Fl acc 32 ik &
FIRAR (P<0.05), eloviTa )31k T8 &1k (P>
0.05)(&1 9).

3 iR

AR SZ I I A R Ak 57 T B £ U 4
RENFUTRRERY , il A=A R AR B2 2l 0.25 mmol/L,
REBRINFR] Ay 24 ho st FR A MR 5 1) 7 248 B o1 S it
Ih £ JF DT 40 AR P B A G TR, A K
T 50%. AMFFERM, BRI ER AT LA fin 44 At oy B
U BRI B s Y, AR LIRSS R UK,
0 200 6L PN 9 e B A R R R T
8L A=Y i NN )R 5Y ST T S R
5 Hu %" K Jambor %5 " 1 BF 5% 45 5 — 2.
Zhao %" 0.25 mmol/L A7 B2 K % § NIT-1 Jik
Ji B A A MR R UOAR, 5 A S8 BT O 328 1 A A
ﬂ]ﬁﬂ%ﬁ]ﬂ&f . Xiao " ] 0.4 mmol/L ¥R

5T HepG24U M= NG W T ; Ricchi %" &3,
0.33 mmol/L i B2 n] i 2 14 /il HepG2 A1 HuH-7
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AN H 0 =B &, 0.66 mmol/L A R T 75
F WRL-68 20 L P H BB S i s i AR . DA 5
5 P AR RR GA VR T S A SE R [R], TR T
YN AG A | R UE DL B IR AR IR S 8 . &5
TR, ASTRLH B A R R R R AR T R R A
AL PN A B T UORR

A S I A 1 % % 2R Uk R 25 umol/L,
ACFRINFA] Sy 6 ho ASHESE KRBT, BER AT DL
0.25 mmol/L FEFHFRENIE T 0 F A e B & A, B8
BRI, FEER AR R A5 S 0 e &
WW\H%%%%%%%%%@ﬁmﬁﬁwﬁ

TP il 3 AR . Zhao % i, BBR il
18/ NIT-1 JBEAR B 20 B 04 A 107 A= 18 A in i Joa
AALTER, TUM%HM&%%%HE&EOA
20T DAVAR I R 75 5 1Y P B AN s T R
T%%E?AmmdmsE%L%%&(”o

RS E W RTEIOEE R, W RE AT
[ EE Sy 1B RN YRTE il B IO E=R f AR N
S, 20 LR T 4 5 o MR R T R £ ) B e
J1%%, Hasanein %™ {38 T 81 3% K GBS UL G R
BYFE T8 K B (Rattus norvegicus) If Jii i %A b )2
N o Lee SR WFFE A B, ¥ 2 0] g i 0 il s
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Tab.3 Pathways of differential metabolites
AR B LU
pathway substance name
TR AR e e B PAY
fatty acid metabolism palmately carnitine
[EENER W) WU s TR MR- Bk — Ik — IR e
terpenoid backbone biosynthesis di-trans, poly-cis-undecaprenyl diphosphate
FpEA IR VY ot 2 g
N-glycan biosynthesis olichyl-4 phosphate
R BRE L

sphingolipid metabolism
PRGN BLAR -2 AR HLAR

neuroactive ligand-receptor interaction
I AR A

steroid hormone biosynthesis

LB A QU

retinol metabolism

A BRAR

primary bile acid biosynthesis

JIE s 2 o it
fatty acid degradation
R igA%

metabolic pathways

E R A

linoleic acid metabolism
AN IR T R AR

biosynthesis of unsaturated fatty acids
12 BERI At il R TR A 4

ubiquinone and other terpenoid-quinone
biosynthesis

K EREAR

steroid biosynthesis

Hh g A A
glycerophospholipid metabolism
BAE

ferroptosis

sphinganine-phosphate

MG(0: 0/20: 4(5Z, 8Z, 11Z, 14Z)/0: 0), WiFZsphinganine, N-JHEEHE % Rk
MG(0:0/20:4(5Z, 8Z, 11Z, 14Z)/0:0), sphinganine-phosphate, N-Oleoyl Dopamine

20R-FRIEJHIEINE, 20-FRREHEIRE, NEFERE, 21-BLAURmNE, 11-A R mne, s
22R-hydroxycholesterol, 20-hydroxycholesterol, cholesterol, 21-deoxycortisol, 11-deoxycortisol,
corticosterone

A RA13,14-ZEMEERE, O-MA LB, 11-00H0 4 2
all-trans-13,14-dihydroretinol, 9-cis-retinol, 11-cis-retinol

BEEIAFEEE, To-F2HE-5B-MH i bE-3-—, 24S-FRIEMAMEE, 25-FRAENAMERE, To-FRIEAR M EE, SB-iH
830, Ta, 120, 26-PURE, To, 25- "3RI, 7-a. 26-—FEEAH K Jf4-en-3-one, 7-a,
120- —F2HENH §§ }i-4-en-3-one, 7-0, 24-FRFEAH S )F-4 -en-3-one, AH[EEE, SB-PH[EEE30, 7o-—
Ji#27-hydroxy-cholesterol,

7a-hydroxy-5B-cholestan-3-one, 24S-hydroxy-cholesterol, 25-hydroxy-cholesterol, 7a-hydroxy-
cholesterol, 5p-cholestane-3a,7a,120,26-tetrol, 7a,25-dihydroxycholestenone, 7a,26-dihydroxycholest-4-
en-3-one, 7a,12a-dihydroxycholest-4-en-3-one, 7a,24-dihydroxycholest-4-en-3-one, cholesterol, 5p-
cholestane-3a,7a-diol

o HE B PAY

palmitoylcarnitine

20R-FRFERHERE, 8-E B W, dolichyl-4BRRMAE, 7o-F33E-5p-HH (i EE-3-—, 20-FRFEIHFERE, To-$2
FEAHEEE, thAPsEy- RIS, AR, 2AZEE4(20), 11(12)-dien-5-a-ol, 5-B-cholestane-3a, 7a,
12a, 26-tetrol, la, 25-dihydroxy Vitamin D3/la, 25-dihydroxy cholecalciferol/calcitriol, (24R)-
24,25- " FH 3L K D3/(24R)-24,25- —FRFEHAGALEE, Ta, 12a-dihydroxy cholest-4-en-3-one, 3S-
squalene-2,3-epoxy, cycloeucalenol, lanosterol, tusZZME, 73%{HE, JHMEEE, MR, 11-i%
FEREE, B JRER, AR, SB-MHIEEE3a, 7o- —FE#22R-hydroxycholesterol,

delta-tocopherol, dolichyl-4 phosphate, 7a-hydroxy-5B-cholestan-3-one, 20-hydroxycholesterol, 7a-
hydroxy-cholesterol, bishomo-gamma-linolenic acid, abietol, taxa-4(20),11(12)-dien-5a-ol, 5B-cholestane-
3a,7a,120,26-tetrol, 1a,25-dihydroxyvitamin D3/1a,25-dihydroxycholecalciferol/calcitriol, (24R)-24,25-
dihydroxyvitamin D3/(24R)-24,25-dihydroxycholecalciferol, 7a,12a-dihydroxycholest-4-en-3-one, 3S-
squalene-2,3-epoxide, cycloeucalenol, lanosterol, obtusifoliol, lathosterol, cholesterol, zymostenol, 11-
deoxycortisol, corticosterone, phyllohydroquinone, 5B-cholestane-3a,7a-diol

b E-y- MR AR

ishomo-gamma-linolenic acid

MR, iei-o- BRI

bishomo-gamma-linolenic acid, bishomo-a-linolenic acid

S-AE B, ME R 5-tocopherol, phyllohydroquinone

lo, 25- 3344 KD3/ 1o, 25- R/ =8, (24R)-24,25- " F2 5 4EE ZD3/(24R)-
24,25- ZFRFENRATALEE, 24-T LKLY, 3S-f A2, 3- A, PRk, B, Ob%
Wy, R, JHE T

zymostenolla,25-di-hydroxy vitamin D3/1a,25-di-hydroxy cholecalciferol/calcitriol, (24R)-24,25-di-
hydroxy vitamin D3/(24R)-24,25-dihydroxycholecalciferol, 24-ethylidene iophenol, 3S-squalene-2,3-
epoxide, cycloeucalenol, lanosterol, obtusifoliol, lathosterol, cholesterol, zymostenol

sn-3-O-(FF A 2y - il 1- R
sn-3-O-(geranylgeranyl) glycerol 1-phosphate
i

Q10, PE(18: 0/22: 4(7Z, 10Z, 13Z, 16Z)), PE(18: 0/20: 4(5Z, 8Z, 11Z, 14Z))Coenzyme
Q10, PE(18:0/22:4(7Z,10Z,13Z,16Z)), PE(18:0/20:4(5Z,82,11Z,14Z))
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Fig. 8 Expression of genes related to lipid metabolism in D. rerio liver cells

1. control group, 2.DMSO group, 3. SP group, 4. SP+BBR group; data was expressed as mean + SE (n=6); bars assigned with different letters were signi-

ficantly (P<0.05) different; the same below

J Ak . NF-xB {55538 i i 0E M A= K,
g A . HT LRGER, W BE R AT LM
AR PR BE K, S AR LS T . Al Y
T2, M A R AT RE T .

ARSI 55 AT AN VRRT i s T g > v
O 1E Y 25 S R AR Y, B - R TR
(DGLA) F1 & -0- WL FRR (ETA), 5X5 BZHAA 1L,
THSRESBADYRET S, BRI T #E
RIGH B ERAL, 456 KEGG X5 5 x4 1
R (E 1, # 2), DGLA Fl ETA X iy A9 4% 15 1 %
SRy S PR PR A G A 30 % AN T R T R A QO . 3
TR 2 Ffr gy o A 38 B v 2 5 R T4 A 1 il
(atgl. hsl) ’Z51R A MARESER (ace. elovi6
scdb . fads2. fas Fl elovi7a) B mRNA Fikm481k,
RIME IR A T B R, #E DGLA 1
ETA 2F0 ¥y 5t 5 55 A H O 5 00 1A Sk 855 JH- e 9 Bl
Wit EE VIR AE B VI G &R, I HLnT R il 1 i 4
AR % R G il %) 35 R 3R A A S B

DGLA Sz — Pt i AV 7 112 25 2 10 R0 A sk 4% A2 e
B A & A 20 AR 19 n-6 R G Z AN AT
JEWTR™, ETA J2—F &4 20 Bk ST n-3 &
G Z2 ARG IR, Kimura 5557 FAfF 55 45 1 2
N, 2 FE S n-3 K BE 2 AN R R DT R Vi A i
R, RE R AL R AN n-3 24810
Mg tR & 2K, Ide &% 45 Hh Z AN F g i iR
(PUFA) 78 J- W B 10 A s B2 AILAA g 15 2 s R 4%
I E B0, Navarro-Herrera 255 ilF 57 45 5%
7R, DGLARAT MR TR AI/EM . Tsurutani
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LGP HRIE , DGLA 51K ig 05 DT RURT 2 ZH PR
FRH R RIRPUAH G, XIS RO s k88,
TN T H OB 4] M 3 Bl 7L £ (Crenopharyngodon
idella) WLIA B W & B Fh i, R 96 MAAR 2 2 1Y)
ik, AR T 2553 DGLA® & 1) B 3%
Fhm, AR I E N IE T DGLA 785 i Ui
M ZAER .

atgl . hsl 525 5T o3 it o B v i) G HE g R A
atgl ANUTE AR AL A 105 20 7K A H Il =R 1A 25 98
RS OB E L T L I A 1 200 R 1% i i o
AR E RS, fEid 2 30 4F, WRIAN
HSL AT B 7 40t 0 =5 22 A o 1 R figt g T e
1M Voshol ZE% & B, WBR hsl B9/NEL (Mus muscu-
Tus) ZEREDR L, o A 3 26/ BB 40 M o B
il = EEAR I BEEE , FBH hsl ANUAERR A0 b
REREMER, AT it % EE
YEF o PRIARIR Tk 2 B it 7 i i e S fb il A b LA
HEEEM, SRR TR, ST, BR
WML N atgl. hsl BFRIR 0 IR, FERERA
TR E ] RE i 1 T M argl . hsl BN 4
i = A T 5 | R 4 L P B A BE R
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YRGB A A B v Y SC R . ACC 2R IR &
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Fig. 9 Expression of genes related to lipid synthesis in D. rerio liver cells
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Effects of berberine on lipid metabolism of Danio rerio
liver cells induced by high fat

LIU Jin, ZHANG Meijuan, YU Chengbing, YANG Shuoshuo,
ZHANG Jing, XU Jianxiong, XU Weina"

(Shanghai Key Laboratory of Veterinary Biotechnology, College of Agriculture and Biology,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Excessive deposition of fish fat is a very common phenomenon in artificially farmed fish. The wide-
spread use of high-fat diets is an important cause for this consequence. Long-term and excessive use of high-fat
diets can cause fat deposition in fish organs or tissues. Liver cells are the main place for fat synthesis in fish, and
90% of the fat is synthesized in liver cells. Excessive fat deposits in the liver can have a negative impact on the
health of the fish. Chinese herbal medicine is the current research focus of anti-immune stress agents. Berberine is
an alkaloid isolated from the traditional Chinese medicine Rhizoma Coptidis. It has the effects of protecting the
liver, antioxidant, anti-inflammatory, hypoglycemia and lipid-lowering. Preliminary research in our laboratory
found that berberine as a functional feed additive can significantly inhibit the process of oxidative stress, reduce
cell apoptosis and enhance the immunity of fish fed with high-fat diets. In order to explore the effect of berberine
on the lipid metabonomics of Danio rerio liver cells induced by high fat, D. rerio cells were used as experimental
materials, and sodium palmitate (0.25 mmol/L, 24 h) was used to induce liver cell lipid deposition models. After
treatment with berberine (25 umol/L, 6 h), the cells were collected. Using high performance liquid chromatography-
mass spectrometry technology for lipid metabolomics analysis, the lipid metabolites of different treatments of D.
rerio liver cells were screened and identified, and the gene expression of lipid metabolism-related factors was
detected. The results showed that compared with the control group, a total of 1 761 differential ions were screened
in the high-fat group, among which 147 differential metabolites were identified, and 123 were increased and 24
were decreased; the high-fat + berberine group screened a total of 2 728 differential ions, among which 346 differ-
ent metabolites were identified, 139 increased and 207 decreased. Compared with the high-fat group, the high-fat +
berberine group screened a total of 1 605 differential ions, of which 259 differential metabolites were identified,
and 45 increased and 204 decreased. Further studies on the metabolic pathways of unsaturated fatty acids found
that the content of differential metabolites dihomo-y-linolenic acid (DGLA) and dihomo-a-linolenic acid (ETA)
increased significantly in the high-fat group, and the addition of berberine would make their content decrease signi-
ficantly; compared with the control group, there was no significant difference in the content of DGLA and ETA in
the high-fat + berberine group. By detecting the expression of DGLA and ETA decomposition-related enzyme
genes (atgl, hsl), it was found that compared with the control group, both of the high-fat group were significantly
reduced, and both were significantly increased after the addition of berberinei; detection of the expression levels of
synthesis-related enzyme genes (acc, elovi6, eloviia, scdb, fas and fads2), showed that compared with the control
group, the high-fat group intracellular acc, elovl6 and scdb expression were significantly increased, fads2 expres-
sion decreased significantly, and fads2 expression in cells increased significantly after berberine was added, and
fas, elovl6 and scdb expressions were significantly decreased. To sum up, the induction of high fat inhibits the
expression of lipid-related genes, promotes the expression of lipid-synthesis-related genes, and causes excessive
deposition of fat in cells. Adding a proper amount of berberine can promote the expression of lipid-related genes
and inhibit the expression of lipid synthesis-related genes, thereby down-regulating the content of DGLA and
ETA, effectively alleviated the damage induced by sodium palmitate to liver cells.
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