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Abstract: Objective To explore the effect and mechanism of paconol in treatment of alcoholic liver disease (ALD) based on network
pharmacology, molecular docking and animal experiments. Methods PharmMapper data platform was utilized to retrieve targets

related to paconol. ALD related genes were screened from DisGeNET, GeneCards and OMIM disease databases, ALD chips was
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obtained by searching GEO databases and screening for differentially expressed genes, disease-related gene modules was screened
based on WGCNA, ALD related genes was obtained by analyzing the intersection of genes from disease databases, differentially
expressed genes and WGCNA derived genes, and then intersecting with paeonol targets to obtain relevant targets for paconol in
treatment of ALD, correlation analysis and gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG)
pathway enrichment analysis were performed, least absolute shrinkage and selection operator (LASSO) regression was used to screen
targets, followed by molecular docking validation. The Lieber DeCarli alcohol liquid feed free diet method was used to establish an
ALD mouse model. Control group, model group, silibinin (36.8 mg/kg) group, and paeonol high-, low-dose (480, 120 mg/kg) groups
were set up, with eight mice in each group, and drugs were administered for intervention. The pharmacological effect was evaluated
by detecting blood lipid levels, liver function indexes and levels of inflammatory factors. Hematoxylin-eosin (HE) and oil red O staining
were used to observe pathological changes in liver. Western blotting and qRT-PCR were used to detect the expression levels of fatty
acid binding protein 4 (FABP4), peroxisome proliferator activated receptor alpha (PPARa) and carnitine palmitoyltransferase 1A
(CPT1A) in liver tissue. Results A total of 88 drug targets, 516 disease targets and 13 intersecting targets were screened. A total of
835 biological functions and 70 pathways were obtained by GO and KEGG enrichment analysis. Seven targets were screened by
LASSO regression algorithm. Molecular docking results showed that the binding energies of paconol to FABP4 and PPARa were less
than —5 kcal/mol. The results of animal experiments showed that compared with control group, levels of liver function indexes, blood
lipid levels and inflammatory factors in model group mice were significantly increased (P < 0.01, 0.001), inflammation infiltration and
fat vacuoles were appeared in liver tissue. Compared with model group, paconol improved the levels of liver function indexes, blood
lipid levels and inflammatory factors in mice (P < 0.05, 0.01, 0.001), restored the normal structure of liver cells, and reduced hepatic
fat vacuoles. Western blotting and qRT-PCR results showed that compared with control group, the protein and mRNA expression
levels of FABP4 in liver tissue of model group mice were significantly increased (P < 0.01, 0.001), while the protein and mRNA
expression levels of PPARa and CPT1A were significantly decreased (P < 0.001). Compared with model group, paeonol significantly
reduced the protein and mRNA expression levels of FABP4 (P < 0.05, 0.001), and up-regulated the protein and mRNA expression
levels of PPARa and CPT1A (P < 0.05, 0.01). Conclusion Paconol improves lipid metabolism by down-regulating FABP4 and up-
regulating PPARa and CPT1A expressions.
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A-differential gene expression heatmap; B-WGCNA clinical characteristic heatmap; C-intersection Venn diagram of ALD related genes, GSE28619
differentially expressed genes and black module related genes obtained from WGCNA database.
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Fig.2 Intersection and network analysis of paeonol and ALD related targets
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Fig. 3 GO (A) and KEGG (B) enrichment analysis
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Green dashed line represents hydrogen bonding, while purple dashed line represents hydrophobic interaction.
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Fig. 5 Molecular docking visualization results

3.7 FEERXS ALD /MRS E KBTI R E AT
W 3 Frow, SRR, AL N R
R TR (P<0.001), FFIERFEZET & (P<
0.001), FE/RMIERVIR: SEBALE, &45254H
INRAR TR B TS (P<<0.05. 0.001), I ZR%L
BFEEL (P<0.01. 0.001).
3.8 FFEERYT ALD /JNRATIEFRIERERTLH
A
FEAE HE et g5 (B 6) Sor, WA/
IFFIEH A SE M e 8, ARHESIEE S, E kg
TEE BN R R ZR S5 AR R L, I
TUANE, ARIRRAR T SRR, FEE

B ARFI RN BT H A B A FERE o, H
HPE Rz By i R R A G RO i AR, R Ry T e
IR ALD /)N EUFFIEZH 200 3 0

AL O Yeto i ) (B 7)) HoR, Sxt R4,
BERIZH /N R R A BRI R T UTRR, e
R Z . ST BTG, DERIFIEHZS T
JlE T B AT AR B e, RS EAR G, R
F Image J BAFXHMAL O Yot ir giit, 4558
Bon, SXTRRA LR, AR AT 7 R S
I (P<<0.05); SEEAIH LRSS, &40 25 4L RTHE G
VO > (P<<0.05. 0.01), XIS EEReA
AR RS 51 S ) A T ok B A

®3 FFEEAX ALD NRERERFERHHZME (X£s5,n=8)
Table 3 Effect of paeonol on body weight and liver coefficient of ALD mice (X £s,n=38)

/g

2H 51 7 E/(mg-kg™) T = FERE R 2 /g FEE R 20 %
it & — 21.97+0.98 24.12+0.66 0.81+0.05 3.34+0.24
R — 22.02+0.51 19.13 +0.69%# 1.1240.10%# 5.8740.60%#
7KK 36.8 21.98+1.48 20.334+0.87"* 0.864+0.05"* 4214023
PR 480 22.23+0.89 20.79£0.50"* 0.84+0.07"** 4.04+0.35""
120 22.1940.97 20.05+0.48" 0.95+0.06™ 4.714+031"

x4 #P<<0.01 #*p<<0.001; SHAEALLE: *P<0.05

*P<0.01 ***P<0.001, FEM.

#P<0.01 " P<0.001 vs control group; “P<0.05 **P<0.01 ™" P<0.001 vs model group, same as below tables.

X ]

7Kg 5%

FF R} 480 mg-kg ™! FF R 120 mg-kg™!

Ee6 FREENT ALD /MRAFALFIETWAEND (HE, X200)
Fig. 6 Effect of paeonol on pathological changes in liver tissue of ALD mice (HE, x 200)
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f iR ot

50 um

FF Ry 480 mg-kg!

EXIRALLE: #P<<0.05; SHBALLE: "P<<0.05
#P < 0.05 vs control group; "P < 0.05

FHECERRS ALD /NERATAERE BRZELEIRME (L O, X200)

& 7

FFE Y 120 mg-kg™!

KRB 5

50
]

40+

30

20

*

Z
4

T O Yt mif /%

10 *ok -

skk

i

0-—=F=— T T T
XFRE BB KK 480 120
= i FH R B/ (mgkg™)

"P<0.01,
**P < 0.01 vs model group.

Fig. 7 Effect of paeonol on lipid changes in liver tissue of ALD mice (oil red O, x 200)

3.9 FARKERXT ALD /NFRATThAE R MRS B S0

W 4 Frow, SRR, AN R G
' TG. TC /K FA ALT. AST i&HMEEZET S (P<
0.01. 0.001), FIH &3 QU 28T ) g4
s SHERILLER, PR & &4/ R G TC
KFFI AST. ALT 3514 B E FRK (P<<0.05. 0.01.
0.001), FHEMyEAEHA/NRIMLES TG KPEFH
B (P<0.01), FREAFHZ By BA R ER
3.10 FHEEAXT ALD /MR ILIE S AAEE FK Y
Al

W S Frw, SXHIRALEE, AL N R G
o IL-6+ IL-1B # TNF-a /K V& T (P<0.01);

S5BERH R, P &5 &4 IL-6 1 TNF-a 7K
BRI (P<<0.05. 0.01), P17y 1IL-
1B KFEZEBL (P<0.01), $&5R7F R nl 4z
ALD HER/ NG ) SRE K

3.1 BB ERRARIHER ALD

K H Western blotting 5 Il I I +* FABP4.

PPARo. CPTIA FHEARIE, 4R IKE S K6, 5
Xof IR ZH B A, B 4H /N BRIT ZH 40 FABP4 25 3R TA 7K
TR FETHE (P<0.001), PPARa Al CPTIA EAFE
KA BRI (P<<0.001); SHBIZH LLEE, FHRZ
Ty & AN AT FABP4 R (R IA /KT 53
P& (P<<0.05. 0.001), CPTIA HEHAXIEKT-5EE

F4 FEEI ALD NRAFDIRER MASHISNE (X+s,n=38)

Table 4 Effect of paeonol on liver function and blood lipids in ALD mice (X+s,n=28)

2H ) 7l &/(mg-kg™") TG/(mmol-L™") TC/(mmol-L™) ALT/(U-LY AST/(U-L™
papiict — 1.104+0.17 2.1240.34 8.29+1.52 35.814+2.53
FETY — 3.0840.18% 6.0410.58% 32.6143.03## 83.924-4 31###
KR 36.8 1.894+0.10" 2.94+0.46" 15.35+£2.76"* 46.04+3.81"
PRz By 480 1.96+0.10" 3.29+0.44" 18.09+£2.16™* 4991 +3.47
120 2.8240.09 3.98+0.35" 25.78+3.34™ 67.0343.78"
#=5 FEERXT ALD /MNRMBPRIEREFRKEMENM (X£s,n=28)
Table 5 Effect of paeonol on levels of inflammatory factors in serum of ALD mice (X £ s, n=28)

ZH 51 FlE/(mg-kg ™) IL-6/(ng- L") IL-1B/(ng-L™") TNF-o/(ng- L")
pagiGl — 21.26+0.93 14.03+£1.08 18.54+0.64
A — 35.10+1.47% 28.09+1.78% 33.8311.44%
7K R 5 36.8 23.57+1.41* 18.87+1.10" 19.45+1.30™
Pt 5z By 480 24.16+1.34* 20.70+1.32* 22.114+1.08*

120

31.82+1.18"

26.94+1.83

31.97+1.65"
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FABP4 [ S S - | 15 10°

PPARa -' ——— ‘ 53X 10*

GAPDH ’- ——— e — ‘ 3.6X10*
X B KK 480 120
# 7 R/ (mg kg ™)
8 FHRE}ST ALD /NRAFAES FABP4. PPARa.
CPT1A ZHFTIARIFMN
Fig. 8 Effect of paeonol on expressions of FABP4, PPARa
and CPT1A proteins in liver tissue of ALD mice

FE (P<0.05. 0.01), F}REy &7 &4 PPARa &
H#RIXKTFEZETHE (P<0.01). XK qRT-PCR i
JUFFR S FABP4. PPARa. CPTIA mRNA %Kik, 45
R 7, EX IR b A, WAL /N BRI 42 FABPA
mRNA FKik/KFRZE T (P<0.01), PPARo Al
CPTIA mRNA FiE/KF-EERFL (P<0.001); 5
R LR, PR M A AL/ B 4H 4 FABP4
mRNA FiE K EEREL (P<0.05), PRI
2 PPARo 1 CPTIA mRNA £k /K38 E T
(P<<0.05. 0.01). KPR By T Ll i oozt i oK
s ALD.

%6 FEERXT ALD /NEAFEES FABP4. PPARa. CPTIA BEFIEMEM (X+5s,n=3)
Table 6 Effect of paeonol on expressions of FABP4, PPARa and CPT1A proteins in liver tissue of ALD mice (X £ s, n=3)

2H ) 5l &/(mg-kg™) FABP4/GAPDH PPARo/GAPDH CPT1A/GAPDH
pagit — 0.54+0.03 1.2540.18 1.6340.07
Y — 0.93+0.06" 0.65+0.03%# 0.69+0.03##
KK E 36.8 0.68+0.07 0.95+0.11* 1.154+0.07*
Pagsdii 480 0.61+0.04 0.97+0.12* 1.1240.04™
120 0.81+0.07" 0.79+0.08 0.82+0.04"

=7 FEERXT ALD /NEATRES FABP4. PPARa. CPTIA mRNA FTiXHIFNE (X+s,n=3)
Table 7 Effect of paeonol on expressions of FABP4, PPARa and CPTIA mRNA in liver tissue of ALD mice (X +s,n=3)

mRNA %} FRIEF

=] | B R |
AL AR/ (g ke™) FABP4 PPAR CPTIA

payiict — 1.04+0.01 1.0340.02 1.04+0.04

T — 2.024+0.03% 0.44+0.01%# 0.52+0.03%#

KR E 5 36.8 1.4440.05" 0.69+0.02* 0.79+0.07™

¥ 5z 480 1.354+0.06" 0.724+0.02* 0.84+0.02"
120 1.70+0.12 0.554+0.02" 0.6410.04"

4 g RGNS, IR, HIEKELL T

ALD 45— Z BT HESA  Afa7 51D I A2 1
B A B AR A, CAERIITVERT 28 AT
REEAL A A A 24 FEPAREAE I B AR i S i AR
FI, ALD R Lo BRARFALL 2 — 2 BT AR A 3%
Lo RS RN RPAE G B AC, AR AR AL E
TR g R SR A5 3 LA R IR 7 7 e b 251,
WORRBARAS, BEM RN A o XA AU AL
22 RPN, W RERE T R R
gt CRpalie PPARa). #1555 e i it b ok i
R 7 0 RAE . B FER B, YR R4
PPAR« S5 % S AR F IR A AE AL, AT RBEAR Hox i
JRACESE IRIE IR, e R BU MG o %
BRI DI RE R 52627,

A5 S5 AL AT ik, A P RS A1
BHESL ALD /DR . 53R L, BIRAL /N R

TG IS BN AER DL, A S A K
FREHAS, FTERRMs N 7Ei =i, Mg, ArIhRe
LeRAER T AW BT vy SRR, 47t
Bl e DL EREIR A B Rkt , ARG AT
FBHOEN, RBHIRSAERINGE, AP R VR IR I
UBlkb TS A BREER IR A SRR, i v 1) £k
R, JFHIAE . FTEhRE S JAE 57K B 2 f
1%, RUIFHEMTEIRST ALD 75 THAT W EMA.
HETWE Ay, I A A E R A 2
iZhae, SEEACH. WML,
IR, IS = BT PO AR AR, 52
M 0,45 S A AT A 7 i TR SR A A I i 4 B AT
Bt E PN 2 PO TR AR, AT K [RDIN R At
B, X Em R IR RS ALD ALK
JERAREY], FRFCSTATRER ALD BT H 2%
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Bz — o NIRFTFEBYGTT ALD [IFELENLE], AT
LI AEYE B 34T, /& PharmMapper £3 5 77
RS EIZGYHE AT 88 /. T GSE28619 ¥ 4L
W 2 622 NEFEER, LA TR R RS
FIFFE R LA WGCNA TR A S FE ], 15 2]
516 > ALD AHIGHEER . T 274048 fiA ALD JE PR HX
A, 193] 13 NI, BB 13 AT
GO. KEGG &85 #r. AWFFLESL T LASSO [A]15
TR, S5 RIS 2P BGYT ALD (A% O R
(CBS. CTSK. EPHX2. FABP4. GPI. IMPDH2.
PCK1). HH CBS ZFEHS A T i FR g A, 322
LIRS R B AR e A A e i, R FE P 3R
LR, BT, B SRR CBS B/ 2
T L T ()RR T D AR | ORE i R A A A B
B AR 8451300, $27R CBS TEZEHRE TR
fash A EEMEH . EPHX2 &Ml &5
ZRFIEACHHE R . 78 ALD /NSRS, )
EPHX2 FRIA 7] . 2 U VA 175 5 1 I 45 31, % 9
EPHX2 A[fig/& ALD B {ER T #E s . FABP4 /& —
NPT RS, TE4ERRRIR S PRI H
BAEFB, HRE KL FABPA 7835 %5 f2 oot i
WA RSV, SE 0] FABP4 7] B0 2 4/
B AR D RERERS Y, $27k FABP4 Al RES ALD 1)
YA . GPL & —FhOCHENE ARG, (0
2] -6~ TR IR 5 SR M- G- T PR (1) W] X A A o W TR A 2 7
IR AL B =PRI 7 (adenosine triphosphate,
ATP) [HEZ&F. 1 ALD 24090, Mg
FIHEBE AR A AR MDA FRARPY . thah, RS TERT
U F Ak i ] X 3 ) SR A R O 2 PR R 7K
T $0 k1) B B A BT A 2 ) ATP 2B 1B, $27~ GPT A
Aeil it s pe A2 5178 ALD it JE . PCKI1 /2
JF R S 2E I, BF 7T R B PCK i T Sl 150 O
W fr -2 0 s A2 (R 3t PP A4 et R 130 3 BT
FIERH, PCK1 SRAKLIEIFAENE T APE . A4
AR AERT, $8 PCK1 £ ALD AR AL
ATRERIEHEEUEN . thah, R H A IC BB
B CTSK Ml IMPDH2 5 ALD [KEL, (HBFFE K
P CTSK A1 IMPDH2 7 [H-4H g 4 23 = Rk, {2
i3t e 40 AR A 15 B 38391, 427~ CTSK A1 IMPDH2 1]
REfE I B AR TR R — e EH, #hm T ae2 Y
ALD WRAKE.

I FRHESE R EOR, FABP4 fil PPARa 571
Wyeh &1 R 4T . FABP4 1M ARACH 132 1) L b B

F1, B AR B i 3R0E, @A
e Wi R BRI %12 2 5 Re S AR A2, [RIB7E 280
SR A B AR FH O, G PR AN B S8R R

ALD FEF RS 1 28 /N B FF4H 23 FABP4 (1)
mRNA FlE HFRIE K535 T 5, FABP4 Sl J% Al i
B2 RR ORI JORE 421, IX AT e ALD fRJiAR
WAL EEN L 2 — . FABP4 (JRFR A-FABP) [f]
J& B DX DA IE S5 A I AR A A i R S BE A S
M.Jeff (peroxisome proliferator responsive element,
PPRE), H[{EA PPAR K1 (f13E PPARa) (1)
PR R, AR Y] PPARa FIHES A-
FABP B3I TIX45E, MM HgERRL, @
it FABP4-PPAR 38 % 520 JUL A i 7 0 AR 55 i o A
W AR At AR TIL K3, RXRA-FABP4-
PPARa 15 5 HlAE B KT~ L4 Jf Hh mT 315 4 i 3
2, WEEANBKE AL ERENO, IR T AROR,

FABP4 1] fi¢ /& PPARa [ B 2 NN 73 ¥ DRI,
AW T EEH: FABP4/PPAR« 1K, 5176 8 ST H
TE NG AR S R B0 RV fEA L. 72 ALD H,
PPAR {55 @M SHRMI ARV SOREMLT4E{L
YA . PPAR0 7EFWEH =1 B3R5, PPARa BN
JE A B R R 7, Refg s R D R S A T
F0 F B B AR 47, Ak, PPARo IS BB
YEFH, T 2% TNF-a A1 IL-1B 25 &R/ 5 1)
FEAEE8) BEF R, PPARO B2 2 RIS i 51
FFFH5 45 F0 G 5 A8 1, 77 PPAR oL S0 751 1] 5577 VP 45 5|
IR0, X EeRf L) 45 98 T PPARa 7
ALD RAFE R OCEIEH . CPTIA R&Hifk
AN BRI, B TR RE R T IR 2 B LR
WHEHT B-Ffk. 1EN PPARa IR0 B 150,

CPTIA W3Rk F 2% PPARe HIZEF. AW
FF W, PPARa W EL#%45 4 CPTIA A3l FIX 1)
PPRE, MfiE H A%, 7515 4 o i Al v,

PPARa #4507 WY-14,643 7] 23 Eifl CPTIA %Kik
FHek/ b B8 BT ITAR, T PPAR S B AT % 2052
AR, PSRN FR T /NIRRT CPTIA BRI
KPR IR TR Y B-284, 3 BUTR SR
AR, TR AT, 7 ALD 1, PPARa )
FILZRNE], S —0 FEIH TFLERE CPTIA4
[ERIE TN, IR TG B AR A 24 AR A i
Western blotting 11 qRT-PCR £l FABP4. PPARa.
CPTIA E M mRNA RIEKF, #E—SiEsLFt
FEYGRIT ALD H5ECERFABHEIC. SR ER,
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