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Lipidomics analysis on schisandrol B-induced liver enlargement in mice
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Abstract: Schisandrol B (SolB) is one of the active constituents from a traditional Chinese medicine Schisandra
chinensis or Schisandra sphenanthera. Our previous studies found that SolB exerts hepatoprotective effects against
drug-induced liver injury and promotes liver regeneration. We further found that SolB significantly induces liver
enlargement but the mechanisms remain unclear. The purpose of this study was to investigate the change of
lipidome in liver tissues during SolB-induced hepatomegaly. The animal experiment protocol was approved by the
Institutional Animal Care and Use Committee at Sun Yat-sen University. Serum and liver samples of male C57BL/6
mice were collected after intraperitoneal injection of SolB (100 mg-kg*-d*) for 5 days. Lipidomics analysis was
performed using Q Exactive UHPLC-MS/MS system. The results showed that SolB significantly promoted liver
enlargement in mice without liver injury and inflammation. Lipid accumulation was observed in the liver tissues
after SolB treatment. Thirty-five lipids were identified with significant change and triglycerides (TG) were found
to have the most significant increase in SolB-treated group, indicating the increase of energy production during
SolB-induced hepatomegaly. This study reveals the impact of SolB on lipid metabolism and provides a potential
explanation for liver enlargement induced by SolB.
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10 min J5 BUAG M35, 36 FE 2 R B 24525 sh P o
A ARSI 2 B URIT-8021A 4 [ 3l AR A6 4 B AX. (E
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MERBTAIE  FREUAT T 412120 mg T 21 3% 8
BN PBS 22 1 200 pL J5 HEAT 21K . R A1 KT
150 pbL % 1.5 mL EP & v, i A T4 1 A Joid 2 i 77 HH
fE-MTBE-7K (4:5:5) 1.2 mL, iR ieiR 5], vk ECE 1 h,
&3 % 15 min 3% € ¥ 57 — UK, 2 000 r-mint. 4 °C &5 0>
5 min, ¥ # fIg i 2 100 pL 25 (1 EP &, AWM T
fEo HEFERTIMAN R EE- R AR (1:1) 1 mL &%, iwieiR
%], 16 000 r-mint.4 °C&.0» 5 min, T HL 3% # 120 pL
R .
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Table 1  Primer sequences of inflammation related genes and lipid
metabolism genes

Gene Species
Gapdh Mouse

Primer sequence
Forward 5-AGGTCGGTGTGAACGGATTTG-3'
Reverse 5'- GGGGTCGTTGATGGCAACA-3'
Forward 5-ATGAACGCTACACACTGCATC-3’
Reverse 5'- CCATCCTTTTGCCAGTTCCTC-3’
Forward 5-CAGGCGGTGCCTATGTCTC-3’
Reverse 5'- CGATCACCCCGAAGTTCAGTAG-3’
Forward 5-TAGTCCTTCCTACCCCAATTTCC-3’
Reverse 5'- TTGGTCCTTAGCCACTCCTTC-3'
Forward 5-GCGCTACTTCCGAGACTACTT-3'
Reverse 5'-GGGCCTTATGCCAGGAAACT-3’
Forward 5-TGGCACACCATTTTGACCTG-3'
Reverse 5'-TTGCGGTTAGAAGCCACATAG-3’

Infy Mouse
Tnfa  Mouse
116 Mouse
Dgat2 Mouse

Hsl Mouse

IV 10 pL 22 EP & R /iR iR IR A ¥ 51, ¥4 2R
HHIAE QCBE il e RG0S BT A A gk AT A U AT, 12
FE QCAE i, FRAEFE S A i 7% o, P ERE — IR QC
ft e R QC ¥ il F AH 5G B8 - 5 B 1R RS % B2 AT 43 AT,
E BHACER Ao AT R G A 1 R AT

@ik {81 Thermo Scientific Dionx Ultimate
3000 8 = 2L £ 4, Ascentis Express C18 2.7 um 4
HWEAE (2.1 mmx100 mm); Ji 30 AH Az 50% £ JiE+50% 7K+
5 mmol-L* F iR +0.1% R, At 2 #H B: 95% J: T4 i +
5% £ fifj+5 mmol- Lt FH R +0.1% HI IR ; 5 P2 e it 7 v
J4:0~0.5 min, 80% A %5 J%; 0.5~7.5 min, b7} % 50%
B ZE LA, 7.5~10 min, - F+ % 80% B £EPERSE; 10~
20 min, 7% 100% B Z& £ £ ; 20~21.9 min, 100%
B %% Ji¥ ; 21.9~22 min, 80% A £k 11 6 ¥ ; 22~25 min,
80% A S5 . HEFERS, R kIR FE D 45 °C, ik K
0.3 mL-min, B3 EFE AR & N 15 °C.

FRiE&FHE RAHEBIZ (ESI) EME A, IE
AR T WSS HL R 18 D 3 500 V, B TR
W8 N 2 500 V; B 5 i i iR FE 15 E 2 300 °C; R
(N,: 60 arb) Fl4#i < (N,: 20 arb); — & i i 7> #r H % E
“y 70 000, — 2% Jifi 1% ¥ 72 Jv 17 500, A3 — 1L Ailf 48 RE & 1F
225,35 eV, 1 7120 20,3040 eV; 470
FElJ m/z 200~2 000. 7592 J7 51 g i LA K% Pl 254 R
£ %5t Xcalibur 2.0 # 4 (Thermo Fisher Scientific
Inc., USA) 5¢ ko

L= KRR H R 5 A\ LipidSearch
fig i 40 2% 4y # B 4E (Thermo Fisher Scientific Inc.,
USA), 1 Jo iR 85— Z0Rs i i B30 — RS ERE A B 1
5 S5 R 5 T B AT B B UL EC, A A A b
A 5T 73 T i g AT ARy . 2 )5, Alignment
WL o b &0 R A & B R A Z R IR . H4 Tk
P H 4 S N SIMCA-P 13.0 # 1 (Umetrics, Kinnelon,
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NJ), % £ 1% 4 2 132 (principal component analysis,
PCA) HEAT 0 i B B HHs 7 M, =8 % 2% 2 B0 1 SR Sy
Blo N T R R 73 8, R IE AT i fe /s — e 1) )
2 M1 vk (orthogonal partial least-discriminant analysis,
OPLS-DA) #EAT A i & 8 70 #r . 7E S-Plot [&] ik
PR SRR S P 7 2 AR B, MR AR B AL &
W EE B B HE ) (variable importance in projection,
VIP), 36 VIP A >1 BV E A= Wh5 £ .

ARG AW H 5 Ll mean £ SD %
7N, 8 8t it 22 8 #F SPSS 1 GraphPad Prism 8.0 3 14
XU 34T Ge vt o W K 45 B, K unpaired Student's t
test 1 %6 bU A% 4 0 L ZH 55 SolB 41 11 41 [R] 22 &%, P<
0.05 LGt = o

#HR
1 HERFEEZRH/E R MG

HELRLG T /N SoIB 5K i, MRS 2% 0] LUV 4% £
ZIN BRI DR /I8 S8 2 38 - (B 1A, B 44 3 B AL 4.80%
40 % 5.83% (P<0.01, ¥ 1B). IfiL i % = 1§ (ALT.

AST) FVH A 5 BRI (ALP) A2 s B JR 4524 1 s i 1
Fabr. SXHEEAIAEL, SolB 411 ALT.AST F1 ALP /K
TR AL (B 1D) . KE R T Infy, Tnfa 116 1)
FIEV LA — 2 FEFE b S BRI E 1) A9 [ L. R4 T
SolB i 3k i34 K 5, /I B 13X L6 58 5 R 148 A5 78 6 i
EMETAL (B 1E). HE Jefath R 845 T SolB Jg /s BT
Y1 Hf oA B FEAR AL (K 1C). 3K 245 SRR SolB fig
B8 AR 33k /)N B0 AE TR 3 OK, LI 48 KA 2
PR B 9 0 3 B
2 AKRFEECSIEDNFRAFREMRERRER

A P VH 21 O S 0 R AG W /I G5 JFF Uk 2L 2 e ) g ol 5
&, RINL T SolB J&, 40 N 21 &4 5 34 in (1 2A) .
BB R ATARHU TG & &, KILSoIBA TG & &
wETHE (B2B). 45 B4R, SolB e 5] e /N R4
i P9 R T 2R AR
3 EKRFEECRH#NFRAFIEARIEREZE S

FEIE AR TR R X Sol B 2H ANt E 2L AT A A
{1 Jig I 2H 545 3k AT T I B IR 2 B4 4 i (PCA), K I
Xof I ZH A0 Sol B 2H P A s 0 A T AT R IR, A R

Figure 1  SolB induces liver enlargement in mice. A: Morphological photographs of representative livers; B: Liver-to-body-weight ratios;

C: Representative H&E-stained liver sections; D: Serum ALT, AST and ALP levels in the vehicle and SolB group; E: gRT-PCR analysis of

Infy, Tnfa and 116 mMRNA levels after SolB treatment. Data are expressed as means + SD (n = 5). ""P<0.01 vs the vehicle group

Figure 2 SolB induces lipid accumulation in mice. A: Oil Red O staining in the vehicle and SolB group; B: Hepatic triglyceride content.

Data are expressed as means + SD (n = 5). "P<0.01 vs the vehicle group
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s, A N EE R K R, LR HAE (K 3A),
IR AN SolB H M A7 /E & IR %= 7. N
T AL 7y 5938 B R A, FEBRAE A FELLAME R,
A A7 M B 1) 1 22 i B /N 7 22 0530 53 it (OPLS-DA),
R H B 58 42 20 O, 7k B4 5 SolB 41 /iR i AR
WA E R RE.

Ht— 5 F LipidSearch % & A~ [7) ig 5 LA & $2 B
AH B U THT AR, 9 3 VIP AE >1 MV 7E A &R /N o 7,

IEE AT 204, B TR 144 2 KUK
P H W = W& (triglyceride, TG) 214>, 2+ % 8 TG (18:1/
18:1/18:2). TG (18:1/18:1/18:1). TG (16:1/18:1/18:2).
TG (16:0/18:1/20:4). TG (16:0/18:1/18:2) %5; i ATt
fIH#8, (phosphatidylcholine, PC) 4 4>, 43 il & PC (18:0/
20:3).PC (18:0/18:2).PC (16:1/18:2).PC (16: 0/
16:0); B4 g B AILEE (phosphatidylinositol, PI) 34, 43 5
NPl (18:0/20:4).PI (18:0/20:3).PI (16:0/18:2); /g

Figure 3 Lipidomic analysis on the vehicle and SolB group under positive and negative ion modes. A: Principal component analysis
(PCA) and orthogonal partial least-discriminant analysis (OPLS-DA) score plots of lipidomic profiles obtained from LC-MS/MS, n = 5/
group. B-C: Comparison of the changed hepatic lipids. Data are expressed as means = SD (n = 5). "P<0.05, "P<0.01, ""P<0.001 vs the
vehicle group
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It 2. 1% i (phosphatidylethanolamine, PE) 44, 73 51 A
PE (19:0/20: 4). PE (16: 1/22:6).PE (16: 0/20: 4).PE
(16:0p/20: 4); #1% flg (sphingomyelin, SM) 2 />, & SM
(d24:0/18:2).SM (d18:1/16: 0); 2~ FL 4 H 9l — Fs
(monogalactosyl diglyceride, MGDG) 1 4, & MGDG
(18:2/20:4). %37 7 Jlg B A AR AL GLAn B S 2
KI3B-C K2, Hrh, Xe7 B RM = EUTGH N
I, I HASR GRS DL S A [R5 107 R 1) TG & & 43 &
1T, AN (5] Jig )97 9 % 1) PE ¥ 2.3 ek b
4 BRFEEC e BE B 5 A X B E B9 mRNA 3Rk
KFE

T AR R A 2R 0 5 VR R B SolB R 2 AR AT A A
N B2, #E— R 45 T SolB Ji5 4 i i Joa A AH
KB 1 mRNA KL . 25 R EIR, TG & it 5%
JE K Dgat2 3 18 i 35 38, TG 7K fif A8 5¢ J& [K Hsl 11
FKIL W AR (K 4).

Figure 4 Effect of SolB on the mRNA expression of genes relat-
ed to TG homeostasis. Data are expressed as means + SD (n = 5).
“P<0.05, "P<0.01 vs the vehicle group

g

AW 5T N SolB REME A2 1 /)N BRI K, HLoR & B
JFF JFE F 453495 F0 48 9 (U3 ALT WAST AT ALP 7K 7€ &
F AL, KAEF T Infy Tnfa LA K 11-6 22 15 78 6 &
FAA) . LU S5 2R SolB T SU 1S KR A I R
PERFHE K .

JH R R AT i B AR 1) 2%, 7R R R AR

Table 2 Identification of the changed hepatic lipids after SolB treatment. *Change trend of SolB group versus the vehicle group ("P<0.05,
P<0.01, ™"P<0.001). TG: Triglyceride; PC: Phosphatidylcholine; PI: Phosphatidylinositol; PE: Phosphatidylethanolamine; MGDG: Mono-

galactosyl diglyceride; SM: Sphingomyelin

Lipid name Formula Measured m/z Theoretical RT/min lon type Trend®  Fold-change P value
TG (18:1/18:1/18:2) CerH,10,06 900.798 1 900.767 1 16.172 2 [M+NH,]* T 2.42 0.008 7
TG (18:1/18:1/18:1) CerHi10:05 902.814 5 902.782 7 16.635 3 [M+NH,]* T 3.02 0.003 4
TG (16:1/18:1/18:2) CesHgeOg 872.769 1 872.7358 15.687 1 [M+NH,]* T 1.95 0.0253
TG (16:0/18:1/20:4) Cs7H10005 898.784 5 898.751 4 15.716 3 [M+NH,]* T 1.94 0.027 1
TG (16:0/18:1/18:2) CysH10005 874.783 7 874.751 4 16.155 1 [M+NH,]* T 2.38 0.008 9
TG (16:0/18:1/18:1) CysH10,05 876.800 1 876.767 1 16.564 2 [M+NH,]* T 3.16 0.0017
TG (16:0/16:1/18:1) Cq3Hos06 848.768 4 848.735 8 16.130 6 [M+NH,]* T 2.46 0.005 6
TG (18:2/18:2/18:2) Cy;Hg504 896.768 4 896.735 8 15.269 6 [M+NH,]* 1 1.97 0.012 6
TG (16:1/18:2/18:2) CysHysO6 870.753 3 870.720 1 15.2707 [M+NH,]* 1 2.05 0.0437
TG (16:1/16:1/18:1) CysHysO6 846.752 6 846.720 1 15.617 5 [M+NH,]* 1 2.37 0.0137
TG (16:0/16:0/18:1) CysHi0006 850.784 0 850.751 4 16.592 6 [M+NH,]* T 3.02 0.0010
TG (20:1/18:1/18:2) CyoH10606 928.830 3 928.798 4 16.679 1 [M+NH,]* T 3.40 0.004 8
TG (20:1/18:1/18:1) CyoH,0606 930.846 7 930.814 0 17.1826 [M+NH,]* T 3.46 0.006 0
TG (18:1/18:2/20:4) CyoHi0006 922.782 8 922.751 4 15.3055 [M+NH,]* 1 2.93 0.0235
TG (18:1/18:2/20:2) CyoH,10,06 926.815 2 926.782 7 16.221 6 [M+NH,]* T 2.70 0.004 9
TG (18:1/18:2/18:2) Cy;H,10006 898.783 3 898.751 4 16.007 6 [M+NH,]* 1 1.99 0.0371
TG (18:1/18:1/22:6) CeiH10,06 948.798 7 948.767 1 15.924 9 [M+NH,]* T 1.97 0.0212
TG (18:1/18:1/20:4) CeoHi10,06 924.799 0 924.767 1 16.044 3 [M+NH,]* T 2.29 0.0151
TG (18:0/16:0/18:1) CesHi10:05 878.815 2 878.7827 17.155 0 [M+NH,]* [ 3.58 0.000 9
TG (16:0/18:1/22:6) CyoH10005 922.783 0 922751 4 15.912 6 [M+NH,]* T 2.68 0.008 3
TG (16:0/18:1/20:1) Cs7Hi10605 904.831 3 904.798 4 17.1195 [M+NH,]* T 3.44 0.002 4
PC (18:0/20:3) CsHgs0aN, P, 856.605 0 856.608 6 12.1427 [M+HCOO] T 1.52 0.000 1
PC (18:0/18:2) C,,Hg,O5N, P, 830.589 7 830.592 9 12.0354 [M+HCOO] 1 1.43 0.000 1
P1(18:0/20:4) C,;Hg30.4P, 885.547 3 885.556 6 11.570 4 [M-H] 1 1.25 0.034 5
P1(18:0/20:3) C,7Hgs0,4P; 887.563 2 887.5722 11.674 3 [M-H] T 1.30 0.004 4
PC (16:1/18:2) C,,H;50,N,P, 800.542 7 800.546 0 11.4307 [M+HCOO] 1 0.71 0.0193
PC (16:0/16:0) CoHgoOgN, P, 778.558 6 778.561 6 11.926 7 [M+HCOO] L 0.72 0.003 0
P1(16:0/18:2) CysH10,4P; 833.516 5 833.5253 11.2901 [M-H] 1 0.69 0.019 2
PE (19:0/20:4) C,yHg0gN, P, 780.552 2 780.561 6 12.2055 [M-H] 1 0.53 0.012 2
PE (16:1/22:6) C,3H;,06N, P, 760.489 9 760.499 0 11.3821 [M-H] o 0.56 0.000 1
PE (16:0/20:4) C,H;, 06N, P, 738.506 2 7385147 11.748 0 [M-H] e 0.75 0.002 3
PE (16:0p/20:4) C,H,,O.N,P, 7225110 7225197 11.9155 [M-H] 1" 0.79 0.016 1
MGDG (18:2/20:4) CyH.:050 801.547 5 801.558 9 11.426 7 [M-H] 1" 0.67 0.0325
SM (d24:0/18:2) CHo;0,N,P, 857.673 7 857.676 6 12.600 9 [M+HCOO] 1 0.79 0.0413
SM (d18:1/16:0) CoH-,0,N,P, 747564 8 747.567 0 11.566 6 [M+HCOO] 1* 0.77 0.0149
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T T A4 B AR RS, ARHH TR, /N RRTESS T SolB
Ji P 200 6 PN A 0 € R D £ € iR 3G 0, I HL I 2H 2R
TG & &S, RN TG A G, N8R4 525
RAR B, LENR 4L 2 i K I 35 A4~ 22 S AR )
W, TG RY A 204, FF BRI A AN [R) A B LA K s
IREER) TG & E R EM N, Xt — 2 T SolB &
HFNRHETG & &7Fm . A CHRPYE RHE /R, PXR
R RSN 77 PCN BE % J8 Ik b U B i Ik 4 g A 25
F1 i 1 (stearoyl-CoA desaturase 1, SCD1, & 5 TG 4
F), R R PR AR I 5 F% i 1A (carnitine palmitoyl-
transferase, CPT1A, Z 5 IR p .10), 12 ITH TG
R St FEE, 7 E PRIt IE T SolB X PXR
BABE1EEH, $#275 SolB 1 G il it i#sh PXR i&
WFME TG R . TG —Fa MR E Ak, OF
RIF 50 ILAE JFE 752 5 1, FF 200 2 R 006 11 i ot R
LN AR Ae &, BT A 3 G028, g5
T SolB J& /N B IE TG & &34, 3 B SolB ¥4 n 1 fiF
JUE B e B

TR H M R B (diacylglycerol acyltransferase,
DGAT) 1 57 H i g (diglyceride, DG) [ TG 1k, &
TG i Ak it B2 1 DG B 15 B0 A 5T 3% BH Dgat2 i B
IR AENA TG, RN TG & & AN B A AL/ B
(¥1 1006, fH-40 /L TG & & JL-Fk il ANF), 3t 9] DGAT2 /¢
F TG & O IE R B AR 22 00 H 2T R UK
P g i B (hormone-sensitive lipase, HSL) 2 5% TG
()53 R AR, o 22 B0 R 97 2 il PR T 281, 45 3~ SolB
J& , I NE2H 23 1) Dgat2 1A 39 i, Hsl 3838 FE AR, Ui B
SolB il it 5 M Dgat2 AT Hsl {2 3t T TG & ik 1 0 il 3L
AR, NI 25 T AR TG & &, 3900 JH Ak 1 e =
o

PC Fl PE & 2 M JI62 550 22 (1) 1l g 26 1 e 7, PR 3 1
ST BRI b 1R 43 AT A2 240 i S 5 R P R ) % i 3 i 1)
BLUT R 2R, PC/PE LUAE T 4 2 14 m 200 o s i 75 1
FEUF M 9 B WE 3T OE 2ORE R A 3
00, AHF5H, PC (18:0/20:3) #1PC (18:0/18:2)
SEM N, 1 PC (16:1/18:2) 1 PC (16:0/16:0) & &
>, UL PC & &AL T3 A THRIRA . Bh4h, BARPE
(19:0/20:4).PE (16:1/22:6).PE (16:0/20:4) L\ } PE
(16:0p/20:4) & EHIFRAR, HARIRBEA K, X iE—F
Vi PC/PE FL B 4ERF7E IEH LB VS I N » X L8 i o 1128
b 5 HTIA ALTASTALP J2 98 E Rl T 45 SR A — 2,
A SolB Jfr 35 H- 14 K3 A7 B0 98 hE R~ F1 i B 404

Zx BRTIR, SolB n e idF /N B RIS K. g B4
224y BT R B SolB B S Kt f v TG & & 2 &
i, Ut B 25 T SolB X4 hn 1 -4t A i) RE B S ORI R

PEo T4 e QU M o . ACHE 7T e W] T SolB fig i
JFHE R AR v i A2 Ak, Dy ik — AP B 7E SolB {2 ik AT
R 7> T AR BB E LR

References

[1] Trefts E, Gannon M, Wasserman DH. The liver [J]. Curr Biol,
2017, 27: 1147-1151.

[2] Hall AP, Elcombe CR, Foster JR, et al. Liver hypertrophy: a
review of adaptive (adverse and non-adverse) changes—conclu-
sions from the 3rd International ESTP Expert Workshop [J].
Toxicol Pathol, 2012, 40: 971-994.

[3] Edwards JE, Dalton AJ. Induction of cirrhosis of the liver and of
hepatomas in mice with carbon tetrachloride [J]. J Natl Cancer
Inst, 1942, 3: 19-41.

[4] Eschenbrenner AB, Miller E. Induction of hepatomas in mice by
repeated oral administration of chloroform, with observations on
sex differences [J]. J Natl Cancer Inst, 1945, 5: 251-255.

[5] Bock KW, Kohle C. Ah receptor- and TCDD-mediated liver
tumor promotion: clonal selection and expansion of cells evading
growth arrest and apoptosis [J]. Biochem Pharmacol, 2005, 69:
1403-1408.

[6] Huang W, Zhang J, Washington M, et al. Xenobiotic stress
induces hepatomegaly and liver tumors via the nuclear receptor
constitutive androstane receptor [J]. Mol Endocrinol, 2005, 19:
1646-1653.

[7]1 Jiang YM, Feng DC, Ma XC, et al. Pregnane X receptor regu-
lates liver size and liver cell fate by yes-associated protein activa-
tion in mice [J]. Hepatology, 2019, 69: 343-358.

[8] Price SC, Hinton RH, Mitchell FE, et al. Time and dose study on
the response of rats to the hypolipidaemic drug fenofibrate [J].
Toxicology, 1986, 41: 169-191.

[9] Masoro EJ. Lipids and lipid metabolism [J]. Annu Rev Physiol,
1977, 39: 301-321.

[10] Fahy E, Cotter D, Sud M, et al. Lipid classification, structures
and tools [J]. Biochim Biophys Acta, 2011, 1811: 637-647.

[11] Zhang SM, Qi DM, Cao YM, et al. Lipidomics study on interven-
tion by Uncaria on hepatic metabolic disorder in spontaneously
hypertensive rats [J]. Acta Pharm Sin (24 2% 2% i), 2019, 54:
1636-1644.

[12] Schofield PS, Sugden MC, Corstorphine CG, et al. Altered inter-
actions between lipogenesis and fatty acid oxidation in regenerat-
ing rat liver [J]. Biochem J, 1987, 241: 469-474.

[13] Tijburg LB, Nyathi CB, Meijer GW, et al. Biosynthesis and se-
cretion of triacylglycerol in rat liver after partial hepatectomy
[J]. Biochem J, 1991, 277: 723-728.

[14] Shteyer E, Liao Y, Muglia LJ, et al. Disruption of hepatic adipo-
genesis is associated with impaired liver regeneration in mice
[J]. Hepatology, 2004, 40: 1322-1332.

[15] Friedman SL,Neuschwander-Tetri BA, Rinella M, et al. Mecha-



AABUR A LR T LAt /N R3S K A i o 4L =2 W

929

[16]

[17]

[18]

[19]

[20]

[21]

[22]

nisms of NAFLD development and therapeutic strategies [J]. Nat
Med, 2018, 24: 908-922.

Wei H, Sun L, Tai Z, et al. A simple and sensitive HPLC method
for the simultaneous determination of eight bioactive compo-
nents and fingerprint analysis of Schisandra sphenanthera [J].
Anal Chim Acta, 2010, 662: 97-104.

Ma YX, Huang YX, Zhou HC, et al. Advances in modern phar-
macological and clinical studies on Schisandra chinensis [J]. Inf
Tradit Chin Med (7= #j{5 &), 2014, 31: 125-126.

Yu Q. Effect of Different Extracts of Schisandra chinensis on
Lipid Metabolism in Mice (Fg/1t F.Wk T A [F $2 B4 %5 /N BR AR
JF AR 4 52 4] 4%) [D]. Beijing: Beijing University of Chinese
Medicine, 2013.

Zhang Y, Zhao J, Zhou SF, et al. Biochemical mechanism under-
lying hypertriglyceridemia and hepatic steatosis/hepatomegaly
induced by acute schisandrin B treatment in mice [J]. Lipids
Health Dis, 2017, 16: 8.

Jiang YM, Fan XM, Wang Y, et al. Schisandrol B protects
against acetaminophen-induced hepatotoxicity by inhibition of
CYP-mediated bioactivation and regulation of liver regeneration
[J]. Toxicol Sci, 2015, 143: 107-115.

Jiang YM, Wang Y, Tan HS, et al. Schisandrol B protects against
acetaminophen-induced acute hepatotoxicity in mice via activa-
tion of the NRF2/ARE signaling pathway [J]. Acta Pharmacol
Sin, 2016, 37: 382-389.

Zeng H, Jiang Y, Chen P, et al. Schisandrol B protects against

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

cholestatic liver injury through pregnane X receptor [J]. Br J
Pharmacol, 2017, 174: 672-688.

Alves-Bezerra M, Cohen DE. Triglyceride metabolism in the
liver [J]. Compr Physiol, 2017, 8: 1-8.

Nakamura K, Moore R, Negishi M, et al. Nuclear pregnane X
receptor cross-talk with FoxA2 to mediate drug-induced regula-
tion of lipid metabolism in fasting mouse liver [J]. J of Biol
Chem, 2007, 282: 9768-9776.

Farrell GC. Probing Prometheus: fat fueling the fire? [J]. Hepa-
tology, 2004, 40: 1252-1255.

Yen CL, Stone SJ, Koliwad S, et al. Thematic review series:
glycerolipids. DGAT enzymes and triacylglycerol biosynthesis
[J]. J Lipid Res, 2008, 49: 2283-2301.

Stone SJ, Myers HM, Watkins SM, et al. Lipopenia and skin
barrier abnormalities in DGAT2-deficient mice [J]. J Biol Chem,
2004, 279: 11767-11776.

Schweiger M, Schreiber R, Haemmerle G, et al. Adipose triglyc-
eride lipase and hormone-sensitive lipase are the major enzymes
in adipose tissue triacylglycerol catabolism [J]. J Biol Chem,
2006, 281: 40236-40241.

Fuentes NR, Salinas ML, Kim E, et al. Emerging role of chemo-
protective agents in the dynamic shaping of plasma membrane
organization [J]. Biochim Biophys Acta, 2017, 1859: 1668-1678.
Fajardo VA, Mcmeekin L, Leblanc PJ. Influence of phospholipid
species on membrane fluidity: a meta-analysis for a novel phos-
pholipid fluidity index [J]. J Membr Biol, 2011, 244: 97-103.





