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Abstract: Physcion (PHY) is an anthraquinone compound derived from traditional Chinese medicine such as
Rhei Radix et Rhizoma. The aim of this study is to investigate the improvement of PHY on non-alcoholic fatty
liver disease (NAFLD) and its underlying mechanism. NAFLD was induced in mice by feeding with the
methionine- and choline-deficient diet (MCD) for 6 weeks. This experiment was approved by the Experimental
Animal Ethics Committee of Shanghai University of Traditional Chinese Medicine (approval number:
PZSHUTCM190705019). The results displayed that PHY (5 and 20 mg-kg") reversed liver damage, reduced
hepatic lipid accumulation and decreased the elevated NAFLD activity score (NAS) in MCD-fed NAFLD mice.
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Results from Western blot and enzyme activity demonstrated that PHY could enhance the protein expression and

enzyme activity of carnitine palmitoyltransferase 1A (CPT1A) in the liver and L-02 cells, but it did not affect

Cptla mRNA expression. Immunofluorescence results indicated that PHY (10 and 25 pumol-L™) could reduce the

mitochondrial injury induced by non-esterified fatty acids (NEFA) in L-02 cells. Results from seahorse assay

showed that PHY could enhance mitochondrial basic respiration, maximal respiration, ATP synthesis and reserve

respiration in L-02 cells treated with NEFA, but had no effect on mitochondrial proton leakage. In summary, PHY

reversed mitochondrial damage and enhanced fatty acid f -oxidation, thereby reducing hepatic steatosis and

improving NAFLD.
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disease, NAFLD) J& 4= Bkt [l P9 &% & DL 110 12 1 JH i 9
i< —". NAFLD 8 5€ SN AE AT PR 52 Bl Al 35
R KRBT, AR g R (> 5%) N E
BERFAE 1R I PR 2 2 Y, 1205 78 B IR B BCR AT Rl
P, BEANINLAEYY , 21— 35 R 9 i 30 7 26 f B g AR
K5 M B Wi ME T & (non-alcoholic steatohepatitis,
NASH), H NASH & il — 5 WAk & 8 N 2 K # I B
Z PR, U4k NAFLD 19 K % SRl 7t e, Biok
2030 47t [H ¥ e A 4t 5 NAFLD &0 % Bz e 1) [
XK, B N HEis 3.145 8447, NAFLD K % 1)
$ 25 42 BROUHOR JRE 1Y 4 5 A AR SR ok 1 ELR IR
71. BLB BeBii NAFLD ) F B & E AL 2 50
PR B ST B, o FDA fitHER 254 B iiit™, Tijix st
TBIT T BURF ML, IR G T 48 22 4 R 25 %
697 NAFLD 13 8 K& 3.

JFFHIE i s 2R & NAFLD 8 3 B 32 22 1) B AR AL,
1B AR BRI B8 B B 5 IR 5 B A8, 4E K7 i
JIE IE # Th g, T2 AL AR SNl &R DT S H il =
(triglyceride, TG) 7E FFHE H TR 51 5 JFF K IR iy 22 41,
BET 5 BUR I Re BACH 2= AL . GOk iAo 4 #7 I 1E
WA R B A R Y. ki g b A2 T 4 i
oy FR AR i T R ) e £ B AR TR B AR =
JTig 7 R 5 50 JH U e A 4 Tl g 52 77 2R K B TR A
(reactive oxygen species, ROS), S 1 i& 14 91, [F
I 51 4 A e At AR W K g3 7 A AB A, e 45
Pt A T BB A AN B T ) DA BRRR AR I e 7% Bl 1A
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QuantStudio 6 flex 5 B} % ) 5& & PCR X (3£ H Life
Technology 2 7 ); Seahorse XFe 96 4l it it & X 6] 7 7
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KRR 2 G, hZj4 8, L6 . HEIATHEBAT
PHY (5F120 mgkg"), BIPEZ541HE 45 T PGZ (10 mgkg™),
BHI1WR, BRI HR, L4 F . L1048 HE b5t/
B, ECHF U B it v - J5 SRS 5 .
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(oil red O staining, ORO) M & T fig i RARFEE . S
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S MRS (NAFLD activity score, NAS) ¥4 »
RISERT EER AR KN (quantitative real-
time polymerase chain reaction, real-time PCR) #&
M 4% B8 Trizol 54 771 & U6 W 45 4 MU/ B IE 41 21
RNA, UL Evo M-MLV RT Mix Kit with gDNA Clean for
qPCR Ver.2 ik 7] & 1 47 100 4% 5% & B cDNA, #5 #
cDNA 5 Hieff® qPCR SYBR® Green Master Mix 2]
J& B T QuantStudio 6 flex SZ %% ) iE & PCRAX 1 i3E 4T
real-time PCR 439 o 19 58 B i, MR 405 V4 gk th 28 1 Iy
P0G SN T HERAYE . HOREER SIS AR 1. H AR
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Table 1
palmitoyteansferase 1A; Acadvl: Acyl-coenzyme A (Acyl-CoA)

The primer sequences of mouse gene. Cpt/a: Carnitine

dehydrogenase very long chain; Acadl: Acyl-CoA dehydrogenase,
long-chain; Acadm: Acyl-CoA dehydrogenase medium chain;
Acads: Acyl-CoA dehydrogenase short chain; Nrfl: Nuclear
respiratory factor 1; Tfam: Transcription factor A, mitochondrial,
Ppargcla: Peroxisome proliferative activated receptor gamma
coactivator 1 alpha; Lipa: Lipase A; Lipc: Lipase C; NdI: NADH
dehydrogenase subunit 1; 18S: 18S ribosomal RNA; Acth: Actin;

Forward: Forward primers; Reverse: Reverse primers

Gene Primer Sequence
Cptla Forward 5'-TATGGTCAAGGTCTTCTCGGGTCG-3'
Reverse 5-AGTGCTGTCATGCGTTGGAAGTCTC-3'
Forward 5'-GATTCCTGTCCTCCGTCTC-3'
Reverse  5'-GGCTCTGCAAGGCTGTAT-3'
Acadl Forward 5'-TTCAGATGCCCAGTATTTT-3'
Reverse  5'-GCCTGTGAGTTCATGTTTG-3'
Forward 5'-TAACATACTCGTCACCCTTC-3'
Reverse  5-ATGCCTGTGATTCTTGCT-3'
Acads Forward 5'-AGGGTTTGCATGGCTATTT-3'

Acadvl

Acadm

Reverse  5-TATCAGTGCCTTCCTGGTTC-3'
Nrfl Forward 5'-AGCACGGAGTGACCCAAAC-3'

Reverse  5-TGTACGTGGCTACATGGACCT-3'
Tfam Forward 5-ATTCCGAAGTGTTTTTCCAGCA-3'

Reverse  5-TCTGAAAGTTTTGCATCTGGGT-3'

Ppargcla Forward 5'-TATGGAGTGACATAGAGTGTGCT-3'

Reverse  5-CCACTTCAATCCACCCAGAAAG-3'
Lipa Forward 5'-TGTTCGTTTTCACCATTGGGA-3'
Reverse  5'-CGCATGATTATCTCGGTCACA-3'
Lipc Forward 5'-ATGGGAAATCCCCTCCAAATCT-3'
Reverse  5'-GTGCTGAGGTCTGAGACGA-3'
NdI Forward 5'-CTAGCAGAAACAAACCGGGC-3'
Reverse 5'-CCGGCTGCGTATTCTACGTT-3'
18S Forward 5'-CGCGGTTCTATTTTGTTGGT-3'
Reverse  5'-AGTCGGCATCGTTTATGGTC-3'
Actb Forward 5'-TTCGTTGCCGGTCCACACCC-3'
Reverse  5'-GCTTTGCACATGCCGGAGCC-3'
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Western blot 23 FR UL 10 mg [ JIT A A< 5l 41 iy
FEAS, NN 10 15 5 1) 25 3 g4 ) 700 7 SR oK B2
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R 2H Je 25 25 ALK 15 R 40 975 0.5 mmol- L NEFA
1% JC JIi 107 % BSA 1 7C Il i RPMI-1640 5 77 %, JF7E
525 4y BN 10 F125 umol- L' PHY . 45#j24 h
J& B\ Mito-Tracker Red %4}, [7] B il A\ Hoechst33342,
WEJGHE H 30 min J5 %0 W AMEE N WS, FEAEH Image J
Rt PEAE X 38T AR

MEgE =W A O B K I L-02 41 i,
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1% JC I8 Wi B2 BSA 1) 1640 X5 7R 36 IR0 L4 24, 4 245
J72UA b 452524 hJE, 15 B0 A i K 40 P R R ik T
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Jiz .1 mmol- L™ P B FR4H .25 mmol- L™ % % §), 7£ 37 °C
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A Seahorse XFe 96 4l il G & A 1T A% 3% 28 Wl 41 g
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A PRI P 5 585 & (oligomycing £ A 2 umol L)+
T Tt -4- = & %0 £ 2K % [carbonyl cyanide 4-
(trifluoromethoxy)phenylhydrazone, FCCP; £ &k & 4
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LRy 1 pmol Lo AR 5 4 1 W o 55 L-02 4 i
SR AR BE Al R BE 7T R K IFIRE ) V5 TR L ATP &
FSCRIAi £ WP BE 77, I 44 2R AR I I e 7 Fr AL 22 5
a0 3R s N 5x10° /N1 pmol-min™

BT B RS MR ERSE DME  FREL— 8 & 1T IR RE A,
I UL P AT AR DG ER A

BRI ST LTI £ bR IR (v £
SEM) £ 7k, K F SPSS 21.0 # {47 4t il-, 417 A

one-way ANOVA i i+ J7 1533647 75 22 50 M, P < 0.05 ¥
ARG R E L

R
PHY 2 MCD iS5 NAFLD /)& B9 AT BE 545
WA 1A B, MCS 25 /) 5 AP 208 i A0 00 HE

Hi, TR ART 2. 5 MCS4LM L, MCD IR & S 3
/IN BRI H BROK E Jl J5 250E, PR B A R AR B 1) %8
PEIZ I ; 5 MCD 40 A Ee, B 25 PGZ (10 mg-kg™)
AIPHY 452541 (5120 mg-kg™) #FHE A [F) FL 5 Hh ik />
FFRE R AR 2. RIRE A yetas: R EoR, 5MCS4H
A LG, MCD 2H i i 4 JiE S DT AR AS B 2 If 45 7 PHY
(5120 mg-kg") G B ECEIER . IR E 1)
T NAS VP4 25 a0 1B iz, PHY YR 9T 4 Ji 5 B BRI
NAS V45, B8 IE 7 3 2% 28 4k (P < 0.05, P < 0.01).
1C.D Z5 St 7~, PHY (5 120 mg-kg") AEF# MK M7
o AST AL ALT B35 77, 3878 PHY B A SGE FF 4% 1A
o A EZE RV, PHY (58120 mg-kg™) AUk BT
HE W SR AR, BB i, 17T 24 NAFLD .
2 PHY % MCD i# S NAFLD /)\ i BT B & 89 B8 B
£

i 2A FT7R, NAFLD /) SROFFHE I 21 O e ta i)
SER TR, 5 MCS 4UM B, MCD 21 /)N 5T A i il 8
FECHE 0, 0 BH A 265 R0 PHY 3677 21 2 L AT B ARG WIE g s
SERMER, SRS H&E B4R —%. TGH
Wi 2B Frs, 5 MCS 4 A b, MCD 41708 B A 1
TG EEEZETIE (P<0.01), HEZH 8030 5% T I
E TG & & (P <0.001), PHY 4524 J5 t fE 5 25 FRAK AT
TG & & (P<0.01, P<0.001). &2C 4% ER, PGZ
% T MCD 5 # J5 JFJIF NEFA & 5 (0 -3 6 B 2 5,
1M PHY (5 F1 10 mg-kg") ¥ 6E F# ik i IE NEFA & &=
(P<0.01, P<0.05), LA L4 3R, PHY B A it
NAFLD /)~ B BE A g 15 S AR A
3 PHY {27 MCD i S NAFLD /) R AT i & CPT1A
ERREREED

CPT1A TEA 5 A KB A 17 R 1 N\ S R 147 B
A B EZEER. G SCERCRE T Cptla
DRI YA 97 RE % B A /N BRUFF 0T Jig 1 A8 Ve A2 5 . DRk, X
NAFLD /) i AT JIE Cptla mRNA %35 #E47 20 #r,
3A fIi7n, PHY 45 25 3 AN 52 MCD /) iRBFIE A Cptla
HRFRIEKF IR . Western blot 45 27~ (& 3B),
5 MCS 4 A Eb, MCD 41 CPTIA /K F & 2% F i
(P < 0.01), fj PHY (5 F1 20 mg-kg") 45 25 ¥ fE i
CPTIA &HEH KL (P<0.05, P<0.01).
N T B E PHY & i A T 48 58 CPT1A B /7,
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Figure 1 The effect of PHY on liver injury in MCD-induced NAFLD mice. A: H&E staining and Sirius red staining of liver tissue (200x);
B: NAFLD activity score; C: Serum AST activity; D: Serum ALT activity. n = 67, x = SEM. ""P < 0.001 vs MCS group; “P < 0.05, *P <
0.01, P < 0.001 vs MCD group. MCS: Methionine- and choline-supplement diet; MCD: Methionine- and choline-deficient diet; PGZ:
Pioglitazone; PHY: Physcion; NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;

H&E: Hematoxylin-eosin staining

A MCD
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B C =
£ 20.0 5% "‘g)"e- 0.4 %
€ 2150 8 203
S & i it <8 N #
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8 E 5.0 5 E0.1
2= JAES
0.0- 3 00
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Figure 2 The effect of PHY on lipid accumulation in MCD-induced NAFLD mice. A: Oil red O staining (ORO, 200%); B: Liver TG
content; C: Liver NEFA content. n = 6-7, x + SEM. P < 0.01 vs MCS group; P < 0.05, P < 0.01, "P < 0.001 vs MCD group. TG:
Triglyceride; NEFA: Non-esterified fatty acids

e 3k A 107 R B A A 0 i 54 I g o R A . AR B
Kol 7 NAFLD FFRE CPT1A Bg3E 77, &5 S an & 3C iy
78, 5 MCD 4 AL, PHY (5 F120 mg-kg™") 25 254 fE 2

FERFILKFE (P<0.05, P<0.01, P<0.001), LA F%s
U0, PHY 8% 3 b NAFLD /N B8 E CPT1A & H
ik, #& T CPT1A BEIE /7, 2 13 NAFLD /)N U IE A i

T+ CPTI1A B /7 (P < 0.01). [F W, AW 580K 1 DR 1) B A8 AL o
NAFLD /)P p AL M e SR B 23k, W 3D 4 PHY 2F NEFA R AT AN CPTIAZE B &
FiR, 5 MCD 4 A EE, PHY (5 F120 mg-kg™) HIHE A [ BgiE N

T2 L 4 v T R g A I S B8 K B [acyl-coenzyme
A (acyl-CoA) dehydrogenase very long chain, Acadvl].
P S 4 g A MU K 8% (acyl-CoA dehydrogenase long
chain, Acadl). M 5 %6 BF A B & 5§ T 8 (acyl-CoA
dehydrogenase medium chain, Acadm) Bt F: 5 A i 5
1§ %5 5% (acyl-CoA dehydrogenase short chain, Acads) ]

7E 4K 4 % H 0.5 mmol-L" NEFA # # L-02 44 iy
24 hWAE R4l BE Y . Wil 4A Fi s, 75 NEFA 5,
L-02 4 Jfil o CPT1A 1) £ F Kk T (P < 0.05), T %
& PHY (25 umol-L") fe itk — P $2 7+ CPT1A RiL K
(P <0.05). 40l CPTIA F§i% 7145 F (K 4B) 27K,
PHY (10 #1125 pmol-L™") ¥ 8 2 3% $& = CPT1A & /1
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Figure 3 The effect of PHY on hepatic protein expression, enzyme activity of CPTIA and mRNA expression of f-oxidation-associated

genes in MCD-induced NAFLD mice. A: Hepatic Cpt/la mRNA expression; B: Hepatic CPT1A protein expression; C: Hepatic CPT1A
enzyme activity; D: Hepatic Acads, Acadm, Acadl, and Acadvl mRNA expression. n = 3-5, x = SEM. "P < 0.01 vs MCS group; "P < 0.05,

#P<0.01, P <0.001 vs MCD group
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Figure 4 The effect of PHY on CPT1A protein expression and enzyme activity in vitro. A: CPT1A protein expression in L-02 cells; B:
Enzyme activity of CPT1A in L-02 cells. n =3-4, X = SEM. "P < 0.05 vs BSA group; “P < 0.05 vs NEFA group. BSA: Bovine serum albumin
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Figure 5 The effect of PHY on mitochondrial function and mitochondrial quantity. A: Mito-tracker red staining (200%); B: Detection of

mitochondrial energy metabolism in L-02 cells; C: Hepatic mtDNA copy numbers; D: Hepatic NrfI, Ppargcla, and Tfam mRNA expression.

wkx

n=3-5,x+SEM. ‘P <0.05 “P < 0.0I,

P < 0.001 vs BSA group or MCS group; P < 0.05, P < 0.01 vs NEFA group or MCD group.

OCR: Oxygen consumption rate; FCCP: Carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone; AA: Antimycin A
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