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Effect and mechanism of action of 2, 5-dihydroxybenzoic acid on an in vitro cell model of metabolic dysfunction-
associated fatty liver disease
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Abstract: Objective To investigate the potential targets of 2, 5-dihydroxybenzoic acid (2, 5-DHBA) in the treatment of
metabolic dysfunction-associated fatty liver disease (MAFLD) and the molecular mechanism by which it regulates the
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway. Methods A network pharmacology analysis was
performed at first, and related databases were used to obtain the common action targets of 2, 5-DHBA and MAFLD, followed by
molecular docking and pathway enrichment analysis to predict the potential biological processes and signaling pathways regulated
by these targets. Then mouse normal hepatocytes AML-12 were used for cell experiments, and CCK-8 assay was used to determine
the three optimal intervention concentrations of 2, 5-DHBA. AML-12 cells were divided into control group, model group (cells
cultured in a medium containing 2 mmol/L free fatty acid [FFA] to establish a cell model of MAFLD) , and three 2, 5-DHBA
intervention groups (cells cultured with FFA and 2, 5-DHBA at the three different concentrations of 1.25, 5, and 20 pmol/L,
respectively). Oil red O staining was used to observe intracellular lipid accumulation ; the fluorescent probe DCFH-DA was used to
measure the level of intracellular reactive oxygen species (ROS) ; biochemical assays were used to measure the content of
triglyceride (TG) and total cholesterol (TC) ; quantitative real-time PCR and Western Blot were used to measure the expression levels of
related genes and proteins. A one-way analysis of variance was used for comparison between multiple groups, and the Tukey’ s test was
used for further comparison between two groups. Results A total of 32 common targets were obtained for 2, 5-DHBA and MAFLD.
Within a concentration range of 1.25—20 pmol/L., 2,5-DHBA treatment, starting from the concentration of 2.5 pwmol/L, increased the
viability of AML-12 cells in a dose-dependent manner. The minimum effective concentration of 1.25 pwmol/L., the intermediate
gradient concentration of 5 wmol/L., and the maximum safe concentration within the effective range of 20 wmol/L were selected for
low- , middle- , and high-dose intervention, respectively. Compared with the model group, 2, 5-DHBA intervention at
concentrations of 1.25, 5, and 20 pmol/L could significantly reduce lipid droplet accumulation in cells (all P<0.05), and there
were significant differences in TG and TC between the model group and the three intervention groups (all P<0.05). Compared with
the control group, the model group had a significant increase in ROS fluorescence intensity (P<0.05), and compared with the
model group, there was a dose-dependent reduction in intracellular ROS level after treatment with 5 pmol/L or 20 pwmol/L 2, 5-
DHBA (P<0.05). Compared with the model group, 2, 5-DHBA treatment at concentrations of 5 and 20 wmol/L significantly
downregulated the mRNA expression levels of the lipogenic genes SREBf1 and FASN and upregulated the mRNA expression levels
of the key antioxidant gene Nrf2 and its downstream target gene HO-1 (all P<0.05). Compared with the control group, the
expression of p-PI3K/PI3K and p-Akt/Akt in the model group was significantly increased (all P<0.05). Compared with the model
group, the protein expression levels of p-PI3K/PI3K and p-Akt/Akt were significantly decreased after 5 pwmol/LL 2, 5-DHBA
treatment (P<0.05). Compared with the control group, the expression levels of Nrf2 and HO-1 protein in the model group were
significantly decreased (all P<0.05). The protein levels of Nrf2 and HO-1 were significantly increased after treatment with
1.25 pmol/L 2, 5-DHBA (P<0.05). Conclusion Network pharmacology and cellular experiments confirm that 2, 5-DHBA can alleviate
lipid deposition and oxidative stress by regulating the PI3K/Akt signaling pathway , thereby exerting a therapeutic effect on MAFLD.
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Table 1 Primer sequences

LY J5 1] JFHI(5'-3")
Nrf2 F AAGCAGACGGAGGAGGAG

R GGAGGTGTTCAGGCAAGG
SREBF1 F CATCCACATGGCTCTGAGTG

R CTCATCCACAAAGAAGCGGT
FASN F GAGAAAGCTTGCCAAACAGG

R GAGGGTCTTGCAGGAGACAG
HO-1 F GCTCAACATCCAGCTCTTTGAGG

R GACAAAGTTCATGGCCCTGGGA
GAPDH F GTTCCCACCCTAGAAAGTCCA

R ACTTGGAGGAGGTTTGCTGG

T Nef2, A5G SR 21 3R 2 M DG 1A 2, SREBF L, [ B iR 45 0 1145
B SEE T 1; FASN, IR 2 & B s HO-1, 1fil £L 3 Jin 4 1; GAPDH,
HIh - 3- BRI U
128 %% %% KM GraphPad Prism 10 # {4 2E 17
GEVTRNGIHT o A A A S R AT I A A 0 A0 5 25 5
R i, 45 G IR A Ay 255 Ve Ll s £ s /R, 2
2 [R) b 3R FH B IR 3R 5 28408, i — 2D T L 3R
Tukey’sf %5, P<0.05 HZERH I FE L,

2 R

2.1 2,5-DHBA 5 MAFLD 4 A i@ s 3m  H#E5E 2, 5-
DHBA 197 MAFLD #9735 HLfi , AWFFE & Soil i (2% 24
BT R 2, 5-DHBA AT MAFLD R 7E A1 HTHE A5
IR HH 12 v 26 3R B 100 4> 2, 5-DHBA TN A0 4, [7]
N 35 T B 2 B (I T 6 114 1 288 > MAFLD AHSGHE 1, KE 2
SIS AE S, A5 32 A LRI EVE L A, B S FF
L5 A STRING %8l 2 , LU ELAE IV 43>0.4 S (9 (B 14
A PPLIZS Ry itk — DA O L A F 90 R AL 7 32
AT ATT71 531089 PPLIM 45 5 A Cytoscape 3.7.0 514,
) CytoNCA $6 4 1T Fb 4 M1 o2& T Betweenness .
Closeness , Degree | Eigenvector , LAC , Network 55 6 i $f; $f =
B CLAE AT, A T R AR 2k
(epidermal growth factor receptor, EGFR) | 125 [1 \Hi 51| i
RN A G 2 R R A 2 22 R
TR S E RO 1 IR A Sz A B A0 B 1 1t 1
[ 53- b R HAR PR T AR T 11 90 TR A ELD 1 £
R ADPAZMESR WS | LG R B O METR 2K 1
Toll HE5Z 14 4 45 134 S HEHL AT . SR IE2, 5-DHBA 54
U S ) PR B T X O 0 £ ) 13 S SC B iR AT T
GrFREA T . A5 FRWT, 2, 5-DHBA 5 A SCHEHE A5

H%5 G et <5 keal/mol , W Hgh &3 #20] B R 4T H
eI S Es e . Ak, A PyMOL B E xR 3%
PEXHEA R VAT ] AL, B S T H A [ AR E A T
5

SJEEA 2, 5-DHBA 3497 MAFLD ()50 FALH , A0 5E
i 3 Metascape $040 42 % 32 AL [A]4E 2i 47 1 LA “Homo
sapiens” AP BT o O LA 1% & L %£<0.05
i 2 5% BT s 4 B M P HES , 43 5 S L BP
CCFIMF §ij 10351, L}z KEGG 18 B 1 20 35, F1) FH i 1
FEE TR R (B 1)

AAHTEE R R, 2, 5-DHBA (VS 7R 5 F 5 s 4E T

TR 2 sh S A Wk B, 7E AN M 20 43 J2 1 = 2250 A
T 25 FEMEE s 5 S A AN I, A6 o T D fig L AR
LA 5 e AR AR OGS M . KEGG 38 I & 42 43
Brifk— 2020, R0 0 W AR T 2 AR S R E
JEE I 5 V) AH G 5 538 8%, A0 48 PI3K/Akt IR A5 5 I
F 1. Ras fHRE 1. A4/ K 17 (interleukin-17, IL-
IfF SB[, SR S EGFR i S R VA e
il R0 245 66 BT 3% 42 5 A R BRI R TR BT YT ) 5
SN KRR AT B, L B v M 40 e e S B B R LS 22
Flopg B A= BT AR . BIRSE I $E IR 2, 5-DHBA 7] fig i i
D[R] L3 22 5E AR R A S SO T T R
FEIRIT R .
2.2 2,5-DHBA # % FFA i 3 %) AML-12 48 it i Ji 3
A CCK-8 LRI ZE 2R R, #F 1.25 ~ 20 pmol/L ¥ S
FEl 4 ,2,5-DHBA AL FEZH [ 2.5 wmol/L ¥ & , 52 7 HHiK
B R AML-12 40 3G ), 5 R A BRA AR L 22 5 A 4
TT2E R L (PEH<0.05) . MRHE CCK-8 LR 455, ¥E U
TRAS RO BE 1.25 wmol/L I AR BEVR FE 5 pumol/L S A %KL
DX 5] PN i o e R T 20 womol/LAE K L L 34T il
it T IR 205 .

HPRSE 2, 5-DHBA X BACH 0 e /E L i — 20
R T X B AR R . AL O s R R, 5
FERIZHAR G, 1.25 .5 F11 20 wmol/L ¥k JE 119 2, 5-DHBA T i
47 16 % A1 200 1 P9 B vk AR 2R (P #49<0.05) (1] 2a.b) 5 [F]
A, 41 P T = S ( triglyceride, TG) I Jeb AH [ 5 (total
cholesterol , TC) 7K -5 I AR PR T [, SRR HE 4%,
3N FIELZH TG R TC /K31 R B (P {34 <0.05) (]
2¢.d). iRgEREM FFA BEHE K IIA T AML-12 40/
@57 MAFLD A1 J3f H 2, 5-DHBA &7 RENS A A0 B fii%
B rp 1 i B AR
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